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Standard Test Method for
Evaluating Diesel Fuel Lubricity by an Injection Pump Rig1

This standard is issued under the fixed designation D 6898; 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 (e) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

All diesel fuel injection equipment relies, to some extent, on diesel fuel as a lubricant. Shortened
life of diesel fuel injection pumps and injectors from wear caused by excessive friction has sometimes
been ascribed to lack of lubricity in the fuel. This test assesses the lubricity of a fuel by operation of
the fuel in a typical fuel injection system comprised of injection pump, high pressure pipes, and
injectors on a pump test rig bench. The test models an actual commercial application of such
equipment. The pump performance is evaluated on a test bench meeting SAE J1668 requirements.

1. Scope

1.1 This test method covers evaluating the lubricity of diesel
fuels using a pump rig test and Stanadyne Model DB4427-
4782 pumps.

NOTE 1—Other pumps may be used if a correlation between pump
performance factors and fuel lubricity has been developed.

1.2 This test method is applicable to any fuel used in diesel
engines, including those which may contain a lubricity enhanc-
ing additive.

1.3 The values stated in SI units are to be regarded as
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Specific hazard
statements are given in Section 7.

2. Referenced Documents

2.1 ASTM Standards:
D 329 Specification for Acetone2

D 362 Specification for Industrial Grade Toluene3

D 4057 Practice for Manual Sampling of Petroleum and
Petroleum Products4

D 4177 Practice for Automatic Sampling of Petroleum and
Petroleum Products4

D 4306 Practice for Aviation Fuel Sample Containers for

Tests Affected by Trace Contamination4

D 6078 Test Method for Evaluating Lubricity of Diesel
Fuels by the Scuffing Load Ball-on-Cylinder Lubricity
Evaluator (SLBOCLE)5

D 6079 Test Method for Evaluating Lubricity of Diesel
Fuels by the High-Frequency Reciprocating Rig (HFRR)5

2.2 SAE Standards:6

SAE J967 Calibration Fluid for Diesel Injection Equipment
SAE J968/1 Diesel Injection Pump Testing—Part 1: Cali-

brating Nozzles and Holder Assemblies
SAE J1418 Fuel Injection Pumps—High Pressure Pipes

(Tubing) for Testing
SAE J1668 Diesel Engines—Fuel Injection Pump Testing

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 boundary lubrication, n—a condition in which the

friction and wear between two surfaces in relative motion are
determined by the properties of the surfaces and the properties
of the contacting fluid, other than bulk viscosity.

3.1.1.1 Discussion—Metal to metal contact occurs and the
chemistry of the system is involved. Physically adsorbed or
chemically reacted soft films (usually very thin) support
contact loads. Consequently, some wear is inevitable.

3.1.2 lubricity, n—a qualitative term describing the ability
of a fluid to affect friction between, and wear to, surfaces in
relative motion under load.

3.1.2.1 Discussion—In this test method, the lubricity of a
fluid is evaluated by comparing critical pump component
dimensions, fuel flow rate and transfer pump pressures before
and after testing under defined and controlled conditions. A
computed value known as pump lubricity value (PLV) results.

1 This test method is under the jurisdiction of ASTM Committee D02 on
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee
D02.E0 on Burner, Diesel, Non-Aviation Gas Turbine, and Marine Fuels.

Current edition approved March 10, 2003. Published May 2003.
2 Annual Book of ASTM Standards, Vol 06.04.
3 Discontinued. See 1991 Annual Book of ASTM Standards, Vol 06.04.
4 Annual Book of ASTM Standards, Vol 05.02.

5 Annual Book of ASTM Standards, Vol 05.03.
6 Available from Society of Automotive Engineers (SAE), 400 Commonwealth

Dr., Warrendale, PA 15096-0001.
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3.1.3 roller-to-roller (R-R), n—a linear measurement of
opposing pumping plungers in an injection pump when pres-
surized to force the plungers outward against the adjustable
stop mechanism.

3.1.4 transfer pump (TP), n—a vane type low pressure
supply pump internal to an injection pump.

4. Summary of Test Method

4.1 Prior to the start of the 500 h test, the roller-to-roller
(R-R) dimension and transfer pump (TP) blade thickness are
measured on two new or rebuilt pumps. The fuel flow
(mm3/stroke) and TP pressure (kPa) of each pump are mea-
sured at 100 rpm increments from 1000 to 2200 rpm.

4.2 The pumps are mounted on the test bench and a
thorough flushing process is performed. The test fuel(s) are
stored in epoxy-lined containers (55 U.S. gal drums are
suitable) which are plumbed to the test bench.

4.3 The pumps are operated at 1100 rpm for 500 h at the
specified test conditions.

4.4 The pumps are removed from the test bench and the
pre-test measurements are repeated.

4.5 The pre- and post- test data are used to compute the
pump lubricity value (PLV).

5. Significance and Use

5.1 Diesel fuel injection equipment has some reliance on
lubricating properties of the diesel fuel. Shortened life of
engine components, such as diesel fuel injection pumps and
injectors, has sometimes been ascribed to lack of lubricity in a
diesel fuel.

5.2 Pump Lubricity Value (PLV) test results generally rank
fuel effects on diesel injection system pump component dis-
tress due to wear in the same order as Bosch, Lucas, Stana-

dyne, and Cummins in-house rig tests.7 In these fuel/hardware
tests, boundary lubrication is believed to be a factor in the
operation of the component.

5.3 The PLV is sensitive to contamination of the fluids and
test materials and the temperature of the test. Lubricity
evaluations are also sensitive to trace contaminants acquired
during test fuel sampling and storage.

5.4 Test Methods D 6078 and D 6079 are two methods for
evaluating diesel fuel lubricity. No absolute correlation has
been developed between these two test methods, or between
either of these methods and the PLV.

5.5 The PLV may be used to evaluate the relative effective-
ness of a fluid for preventing wear under the prescribed test
conditions.

5.6 This test method is designed to evaluate boundary
lubrication properties. While viscosity effects on lubricity are
not totally eliminated, they are minimized.

5.7 This test can indicate whether or not an additive will
improve the lubricity of a poor lubricity fuel.

6. Apparatus

6.1 Test Pumps—The test pumps are Stanadyne 4-cylinder
model DB4427-4782 pump8 (see Fig. 1). Providing they meet
the Stanadyne DB4427-4782 specifications (see Fig. 2), the
pumps can be new or rebuilt. The test pump must always use
new head and rotor, and TP assemblies. While a single pump
can be tested, the preferred method is to test two pumps
simultaneously with the same test fuel.

7 Nikanjam, M., Crosby, T., Henderson, P., Gray, C., Meyer, K., and Davenport,
N., “ISO Diesel Fuel Lubricity Round Robin Program,” SAE Paper 952372, Oct.
16-19, 1995.

8 The sole source of supply of the pumps known to the committee at this time is
Stanadyne Automotive Corp., 92 Deerfield Rd., Windsor, CT 06095-2409, or a
registered service dealer. If you are aware of alternative suppliers, please provide
this information to ASTM International Headquarters. Your comments will receive
careful consideration at a meeting of the responsible technical committee 1, which
you may attend.

Trademark of STANADYNE Diesel Systems

FIG. 1 Schematic of Stanadyne Model DB4427-4782 Pump
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6.2 Performance Test Bench—An SAE J1668 test bench is
used for performance testing of each test pump.

6.3 Calibrating Injector—A calibrating nozzle and holder
assembly with a single hole orifice plate, in accordance with
SAE J968/1, is used for performance testing of each test pump.

6.4 Pump Test Rig—The pump test rig consists of an electric
motor driven test bench capable of driving two test pumps
simultaneously at a specified speed (see Fig. 3). The test rig is
equipped with stainless steel low pressure piping with fuel inlet
pipes from a drum of test fuel. Boost pumps in the inlet lines
pump fuel through fuel filters to the inlet of the test pumps.
Fuel is discharged from the test pumps through specified inside
diameter and length high pressure pipe, to the specified
injectors. The injectors are housed in accumulators to collect
the discharged fuel and return it to the drum. Thus the fuel

system is closed and the fuel continuously recirculates. The test
rig is operated in a room with an ambient temperature of 24 6

3°C.
6.5 Electric Motor, an adjustable speed motor capable of

producing speeds to 1500 rpm and a torque of 122 N-m.
6.6 Low Pressure Piping, 9.5 mm inside diameter stainless

steel tubing of whatever length is needed for the application.
6.7 Boost Pumps, pumps which operate at 14 to 34 kPa and

pump 76 to 114 L/h.
6.8 Fuel Filters, Stanadyne model 1009 or John Deere RF

624118.

9 Available from Stanadyne Automotive Corp., 92 Deerfield Rd., Windsor, CT
06095-2409, or a registered service dealer.

Trademark of STANADYNE Diesel Systems
All speeds are in engine rpm unless otherwise noted.
Use latest revision for all Referenced Documents.

FIG. 2 Injection Pump Specification (Service/Assembly) Model No.: DB4427-4782
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6.9 Filter Head/Fuel Handler, Stanadyne 332609 for attach-
ment of fuel filters.

6.10 High Pressure Pipes—HP pipes in accordance with
SAE J1418 are 1.6 6 0.025 mm inside diameter 3 640 6 5
mm long with a nominal outside diameter of 6 mm and a
minimum central line bend radius of 16 mm for both the
performance testing and the test rig testing testing.

NOTE 2—SAE J1418 specifies the length of this tubing as 600 6 5 mm
but 640 mm is required in these applications.

6.11 Test Rig Injectors—The test rig injectors are Stanadyne
p/n 273369 (see Fig. 4). These injectors are known as engine
injectors as compared to calibrating injectors.

6.12 Accumulator, a stainless steel box, into which the
injectors are screwed, that has a line to return the injected fuel
back to the drum (see Fig. 5).

6.13 Micrometer, 25.4 to 50.8 mm with a resolution of
0.001 mm and an accuracy of 0.003 mm to measure the R-R
dimension.

6.14 Point Micrometer, 0 to 25.4 mm with a resolution of
0.001 mm and an accuracy of 0.003 mm to measure the
thickness of the TP blades.

6.15 R-R Setting Fixture, a special tool available from
Stanadyne.9

6.16 Electronic Control Unit, any commercially available
unit capable of operating the test rig.

6.17 Tachometers, used to measure the rpm of the test
pumps.

6.18 Thermocouples, used to measure air temperature, and
fuel temperatures in the drum, after the boost pump, after the
DB4427-4782 pumps, and in the fuel return lines.

6.19 Pressure Transducers, used to measure the pressure
after the boost pump and after the DB4427-4782 pumps.

6.20 Flow Meters, used to measure the fuel flow through the
DB4427-4782 pumps.

6.21 Level Sensor, used to monitor the level of fuel in the
drum.

6.22 Hydrocarbon Gas Detector, used to monitor for poten-
tially explosive vapors in the room.

6.23 Flushing Adapters, necessary fittings and adapters to
bypass the fuel filter, connect the fuel pump inlet directly to the
HP pipes, and connect the HP pipes to the accumulator. These
adapters are used to flush the test rig between fuel tests.

7. Reagents and Materials

7.1 Acetone, conforming to Specification D 329.
(Warning—Extremely flammable. Vapors may cause flash
fire.)

7.2 Calibration Fluid, a fluid formulated from refined and
deodorized fuel stocks, meeting SAE J967 specifications, used
for pump performance testing.

7.3 Compressed Air, containing less than 0.1 ppmv hydro-
carbons and 50 ppmv water. (Warning—Compressed gas
under high pressure. Use with extreme caution in the presence
of combustible material.)

7.4 Flushing Fluid, 75/25 mixture of toluene and acetone
used to flush the pump test rig between fuel tests.

7.5 Toluene, conforming to Specification D 362.
(Warning—Flammable. Harmful if inhaled.)

8. Sampling and Sample Containers

8.1 Unless otherwise specified, take samples by the proce-
dure described in Practice D 4057 or Practice D 4177.

8.2 Because of the sensitivity of lubricity measurements to
trace materials, sample containers shall be only fully epoxy-
lined metal drums, cleaned and rinsed thoroughly at least three
times with the product to be sampled before use, as specified in
Practice D 4306.

8.3 New sample containers are preferred, but if not avail-
able, Practice D 4306 gives guidance on suitable cleaning
procedures.

9. Preparation of Apparatus, Pumps, and Engine
Injectors

9.1 Disassemble a test pump in accordance with the instruc-
tions in Stanadyne Publication 99689 to permit measurement
of the R-R dimension and the TP blade thickness.

9.2 Secure R-R setting fixture 19969 in vise and insert rotor
assembly (see Fig. 6). Connect dry, clean, filtered compressed
air source regulated to 4.5 to 11.3 kPa to force the plungers
outward until the shoes contact the leaf springs. Using the 25.4
to 50.8 micrometer, measure the distance between the outer
surfaces of each pair of opposed rollers to the nearest 0.002
mm. The R-R dimension must be 49.73 6 0.04 mm. The leaf
spring adjusting screws can be turned clockwise to increase or
counterclockwise to decrease the dimension. The two dimen-
sions must be within 0.08 mm of each other and the average of
the two dimensions must be within 0.04 mm of 49.73 mm.

9.2.1 Example—One pair of rollers measures 49.76 mm
while the other measures 49.68 mm. The two dimensions are
within 0.08 mm of each other and the average of the 2
dimensions, 49.72 is within 0.04 mm of 49.73 mm. If the R-R
dimensions meet the above specifications, they are suitable for
use in this test. Record the measured dimensions. If the
dimensions do not meet the above specifications, new shoes
will be required.

NOTE—The system shown in this figure is a six–cylinder (six injectors)
pump, while the test pump (see 6.1) is a four–cylinder application.

FIG. 3 Test Rig Portable Bench
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FIG. 4 Injector Specification
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9.3 Using a point micrometer measure and record to the
nearest 0.002 mm the thickness of the TP blades at three evenly
spaced points along the center of the face of the blade (along
line C in Fig. 7). If a blade thickness is #13.67 mm thick,
replace it with a new blade. Using a vibrating pencil (in-
scriber), place an identifying mark on each blade on the surface
just under the spring hole (X in Fig. 7) for ease of identification
during post-test measurements. Record the identifying mark
for each blade with its thickness measurements.

9.4 Reassemble the test pump and mount it on the SAE
J1668 test bench. Using the calibration fuel, conduct a perfor-
mance test following the sequence under the heading “PUMP
SETTINGS: FOLLOWING PUMP SERVICE:” in Fig. 2. If the
specifications in Fig. 2 are not achieved, make adjustments in
accordance with instruction manual 99689, except do not
readjust the R-R dimension. After successfully meeting the
conditions of Fig. 2, record fuel flow and TP pressure at 100
rpm increments from 1000 rpm to 2200 rpm, and at 2290,
2380, and 2470 rpm. Use this data to develop a pre-test fuel
flow and TP pressure versus rpm curve.

9.5 Remove the test pump from the test bench and drain all
calibrating fluid from the pump.

9.6 Repeat the procedure in 9.1-9.5 for the second test
pump.

9.7 Install the flushing adapters on the test rig bench such
that the fuel circuit consists of boost pump inlet tube, boost
pump, filter inlet tube, filter header with no filter (or a filter
used for flushing purposes only), fuel pump inlet, HP pipes,
injector accumulator, and accumulator discharge tube.

9.8 Fill a container, such as a 10 L (2 U.S. gal) pail with a
75/25 mixture of toluene and acetone. Place the boost pump
inlet tube to the bottom of this container and place the
accumulator discharge tube into an empty pail.

9.9 Turn on the boost pump and pump the flushing fluid
from the full pail to the empty pail. Turn off the boost pump.

9.10 Remove the flushing fluid pails and properly dispose of
the flushing fluid. Remove the flushing adapters.

9.11 Repeat the steps in 9.6-9.10 for the second pump.
9.12 Check the pop–off pressure of each of the injectors.

Any injectors with a pop–off pressure less than 235 bar, see
Fig. 5, must be reconditioned or replaced.

9.13 Install new filters and mount a test pump into each
pump mounting plate. Connect the boost pump outlet tube to
the inlet side of each filter and fit a tube from each filter outlet
to each injection pump inlet. Connect a tube from the return
fitting on top of the test pump together with a tube connected
to each injector return to the discharge fitting on the accumu-
lator.

9.14 Place the fuel pickup tube half way down into the fuel
drum. Place the return lines (pump return, injector returns, and
accumulator discharge) into an empty pail.

9.15 Operate the test pumps at speeds less than 1000 rpm
with the fuel lever in the low idle position. Pump nearly 5 gal
of fuel through the systems to remove all the calibration fuel
from the test pumps and all the flushing fluid from the lines.
Stop the pumps and properly dispose of the fuel.

FIG. 5 Accumulator for Test Rig Injectors

FIG. 6 Measurement of R-R Dimension

Measure width at A, B, and C
Inscribe 1, 2, 3, or 4 at X

FIG. 7 TP Blade
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9.16 Replace the fuel pickup tube so that it is at a level
approximately 25 mm below the top of the fuel.

NOTE 3—Placing the pickup tube near the top surface of the fluid
minimizes the quantity of fuel that might spill from a leak prior to the rig
shutting down due to a low pressure.

9.17 Place the fuel return lines into the drums with the
discharge located approximately 13 mm from the bottom of the
drums.

NOTE 4—Placing the fuel return discharge near the bottom of the drum
ensures that over the course of the test the complete drum contents are
pumped through the test rig.

10. Procedure

10.1 Draw a fuel sample from the drum and measure and
record the lubricity of the test fuel in accordance with Test
Method D 6078 or in accordance with Test Method D 6079 (at
60°C).

10.2 Start the test pumps and set them to operate at 1100 6

10 rpm with the fuel levers in the wide open throttle (WOT)
position.

10.3 Hold the ambient air temperature to 24 6 3°C.
10.4 Operate the test pump(s) on the test rig for 250 h.
10.5 Shut the pumps down and transfer the inlet and return

fuel lines to a fresh drum of the test fuel. Draw fuel samples
from the used and new drum and measure and record the
lubricity of the test fuel in accordance with Test Method
D 6078 or in accordance with Test Method D 6079 (at 60°C).

10.6 If the pre-test SLBOCLE and 250 h SLBOCLE differ
by 900 g or more, or if the pre-test HFRR and 250 h HFRR
differ by 0.08 mm or more, the lubricity of the fuel has changed
substantially. Abort the test and obtain a new fuel sample
before rerunning the test.

10.7 If the pre-test SLBOCLE and the new drum SLBOCLE
differ by 900 g or more, or if the pre-test HFRR and new drum
HFRR differ by 0.08 mm or more, the lubricity of the fuels in
the two drums is substantially different. Abort the test and
obtain a new fuel sample before rerunning the test.

10.8 Repeat the steps in 10.2 and 10.3.
10.9 At the end of the second 250 h period draw fuel

samples from the drum and measure and record the lubricity of
the test fuel in accordance with Test Method D 6078 or in
accordance with Test Method D 6079 (at 60°C).

10.10 If any of the SLBOCLEs differ by 900 g or more, or
if any of the HFRRs differ by 0.080 mm or more, the
lubricating properties of the fuel may have changed during the
test, or the lubricating properties of the fuel in Drum 1 may be
different than that in Drum 2. Note this observation when
reporting the PLV.

10.11 If at any time during the test, the fuel level should
drop below a specified level or the level of hydrocarbon vapors
get to within 50 % of the lower explosive limit, the test should
be shut down to investigate a possible fuel leak.

10.12 If a pump seizes before the completion of 500 h;
disassemble the pump to analyze the failure. If the analysis
indicates that the failure was due to lack of lubrication, assign
a value of 10 for the test fuel PLV. A seizure at the TP end with
some evidence of localized heat is a lack of lubrication seizure.
A seizure at the drive end or at the rotor discharge port is due

to misalignment or debris. In either of these cases report the
apparent cause of the seizure but do not assign any value to the
PLV.

NOTE 5—During the testing any portion of the pump test rig setup,
except the test pumps, can be replaced if it fails for any reason.

NOTE 6—The maximum time that the pump test rig can be shut down
during the 500 h of testing, without invalidating the test results, is 60 h.

10.13 Remove the test pumps from the test rig bench and
drain all test fuel from the pumps.

10.14 Place one of the test pumps on the SAE J1668 test
bench and repeat 9.4 except that the data recorded in 9.4 is used
to develop a post-test fuel flow and TP pressure versus rpm
curve.

10.15 Disassemble the test pump in accordance with the
instructions in Stanadyne Publication 99689 to permit mea-
surement of the R-R dimension and the TP blade thickness.

10.16 Secure R-R setting fixture 19969 in vise and insert
rotor assembly (see Fig. 6). Connect a dry, clean, filtered
compressed air source, regulated to 4.5 to 11.3 kPa, to force the
plungers outward until the shoes contact the leaf springs. Using
the 25.4 to 50.8 micrometer measure and record the distance
between the outer surfaces of each pair of opposed rollers to
the nearest 0.002 mm.

10.17 Using a point micrometer measure and record to the
nearest 0.002 mm the thickness of each TP blade at three
locations as in 9.3. Record the identifying mark on each blade
with each thickness reading.

10.18 Follow the steps in 10.14-10.17 for the second pump.

11. Calculation of Results

11.1 Average the two R-R dimensions from the pre-test
measurements and the two R-R dimensions from the post-test
measurements. Subtract the post-test measurements from the
pre-test measurements to determine the change in R-R dimen-
sion during the test. Record the change in R-R dimensions in
thousandths of a mm.

11.2 For each TP blade subtract the pre-test width and
height measurements from the post-test width and height
measurements. Average the three differences for each blade.
Average these four average differences to determine the aver-
age blade wear. Record the wear in thousandths of a mm.

11.3 Find the maximum pre- and post-test fuel flow rates
from the curves of fuel flow rates versus rpm for each pump.
Record the difference between the maximum post-test and
maximum pre-test fuel flow rate in mm3/stroke for each pump.

11.4 Find the maximum pre- and post-test TP pressure from
the curves of TP pressure versus rpm for each pump. Record
the difference between the maximum post-test and maximum
pre-test TP pressure in kPa for each pump.

11.5 Use the values from 11.1-11.4 to calculate the pump
lubricity value (PLV) as follows for each pump:

PLV 5 10.40R 1 0.2098F 1 31.03B 1 0.4693P (1)

where:
PLV = pump lubricity value, dimensionless,
R = change (post-test–pre-test) in R-R dimension, mm,
F = change (post-test–pre-test) in fuel flow rate, mm3/

stroke,
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B = average (post-test–pre-test) TP blade wear, mm, and
P = change (post-test–pre-test) in TP pressure, kPa.

12. Report

12.1 Report the following information:
12.1.1 Description of the test fuel and the date sample taken.
12.1.2 Dates of testing.
12.1.3 The four SLBOCLE or HFRR results for the fuel.
12.1.4 R, F, B, P to four significant figures, and PLV and

average PLV to the nearest tenth for each pump.
12.1.5 The average relative humidity over the course of the

test.

NOTE 7—Operators are advised to observe and record relative humidity,
as it may impact the test results (especially under very dry or very humid
conditions.

12.1.6 If the pump seized because of poor fuel lubricity,
report the PLV as 10 and the hours at which the seizure
occurred.

12.1.7 Any deviations from the prescribed test conditions.

13. Precision and Bias

13.1 Precision—Stanadyne has data for 17 fuels with indi-
vidual PLVs between 0.19 and 9.40. The average PLVs range
from 0.45 to 7.63.

13.1.1 The repeatability for these 17 fuels is 2.2. Without
the worst pair, the repeatability is 1.4, so this worst pair may be
outliers. Without the worst pair the individual values range
from 0.19 to 6.10 and the average PLVs range from 0.45 to
6.01.

13.1.2 The reproducibility of this test method will be
determined within the next five years.

13.2 Bias—The procedure in this test method has no bias
because lubricity is not a fundamental and measurable fluid
property and thus is evaluated in terms of this test method.

14. Keywords

14.1 boundary lubrication; diesel fuel; friction; lubricity;
wear
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