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QUALITY ACHIEVEMENTS,
CERTIFICATIONS, ACCOMPLISHMENTS

The Fuels and Lubricants Research Division is:

* Certified to ISO 9001: 2000, "Quality Management Systems -
Requirements"

 Accredited to ISO/IEC 17025: 2005, "General Requirements for the
Competence of Testing and Calibration Laboratories"

* Certified to 1ISO 14001: 2004, "Environmental Management
Systems"

The Division has also achieved Ford Tier 1 status for providing
engineering services, and has received the Ford Q1 Quality Award.

In conjunction with these Divisional quality system accomplishments:

» The Petroleum Products Research Department is a Nuclear
Procurement Issues Committee (NUPIC)-Approved Laboratory

» The Engine and Lubricants Research Department has maintained
its status as an American Chemistry Council (ACC)-Approved
Laboratory
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Aftertreatment Research and Development

Topic: Catalyst Development,
Application, and Aging

Marty Heimrich
Phone: (210) 522-3022
Fax: (210) 522-3950

Point of Contact:

Test Objective: Objectives of this test may include:

® Accelerated aging

® Catalyst performance with various fuels, lubricants,
additives

® Endurance of prototype or production units

® Exhaust system validation (e.g., hot vibration)

Apparatus: Typically, a 7.5-liter V-8 engine with exhaust split to
provide desired space velocity is used for this test. Other
engines specified by sponsor can also be used.

Test Procedure: The test procedure varies with program needs:

® Transient test schedule

® Steady state

® Steady state with varying mixture stoichiometry
® Optional thermal shock (water quench)

Fuel Requirement: The fuel requirement for this test is as requested by client.
In addition to gasoline, natural gas, diesel fuel, and
liguefied petroleum gas testing are available.
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Duration:

The duration of this test depends on test objective, but the
typical duration is 20 to 200 hours.

Test Results:

Performance and deterioration data for tested
components are reported at end of test.

Note:

Diesel Technology

Topic:

Diesel Fuel Qualification

Point of Contact:

Terry Ullman
Phone: (210) 522-2654
Fax: (210) 522-3950

Test Objective:

The objective of this test is to qualify one fuel by
comparing resulting emissions against another accepted
fuel.

Apparatus:

The apparatus used is principally a DDC Series 60 HD
Diesel engine. Other post-1990 engines can be
substituted.

Test Procedure:

Repetitive EPA hot start transient emission tests are
performed.

Fuel Requirement:

The fuel requirement for this test is 250 gallons of each
test fuel.

Duration:

The duration of this test is from 7 to 10 days, with 20 hot-
start transient tests on each fuel.
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Fuel Performance Evaluations

Test: ASTM D5500 BMW Intake
Valve Deposit Test
Procedure

Point of Contact: Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective: The objective of this test is to evaluate fuels’ ability to
control deposits on intake valves.

Vehicle: For this test, a 1985 BMW 318i, four-cylinder, four-stroke,
1.8-L vehicle with an automatic transmission is used.

Test Procedure: 1. The vehicle is run 10,000 test miles with daily mileage
accumulation of 800 miles.
2. A fixed route is run, consisting of:
® 10 percent city
® 20 percent secondary road
® 70 percent highway
3. Intake valves are weighed.

Fuel Requirement: | The fuel requirement for this test is 500 gallons of fuel.

Duration: The duration of this test is 4 weeks.

Test Results: The test is a PASS if the average intake valve deposit
weight is less than 100 milligrams per the four valves for
EPA requirement and less than 50 milligrams per valve for
CARB requirement. CARB also requires a combustion
chamber deposit (CCD) weight determination and limits
the level to 1,300 mg average or 140% as compared to a
base fuel result.

Note: This test is run as a CARB procedure and as an EPA
procedure following ASTM Method D-5500.
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Topic: ASTM D5598 Port Fuel
Injector Deposit Test
Procedure

Point of Contact: Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective: The objective of this test is to evaluate the tendency of a
gasoline to keep the port fuel injectors clean.

Vehicle: A 1985-87 Chrysler 2.2-L turbocharged engine with an
automatic transmission is used for this test.

Test Procedure: The procedure for this test is as follows:
1. PFI driving cycle:
® 55 mph for 15 minutes
® Engine-off soak for 45 minutes
2. Flow test every 1,000 miles for 10,000 miles

Fuel Requirement: | The fuel requirement for this test is 500 gallons.

Duration: The duration of this test is 8 weeks.

Test Results: The test is a PASS if the fouling of all injectors remains 5
percent or less for the entire 10,000-mile test.

Note: A modified version of this test is available to evaluate the
tendency of a gasoline to clean fouled port fuel injectors. The
procedure for this test is as follows:

1. For dirty-up phase, run 15/45 cycle, and flow test until at
least one injector is fouled to greater than 10 percent.

2. For clean-up phase, run 15/45 cycle, and flow test every
1,000 miles until fuel injector fouling is 5 percent or less.

Clean-up is a PASS when the fouling of all four injectors
becomes 5 percent or less.
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Topic:

ASTM D6201 Ford 2.3L
Intake Valve Deposit Test
Procedure

Point of Contact:

Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective:

The objective of this test is to determine intake valve
deposit-forming tendency of unleaded gasoline, and/or
gasoline additives.

Apparatus:

For this test, a 1994 Ford 2.3-L dual spark plug engine on
a dynamometer test stand is used.

Test Procedure:

1. The test cycle consists of:
® 2,000 rpm and 230 mm Hg manifold absolute
pressure for 4 minutes
® 30-second ramp to 2,800 rpm
® 2,800 rpm and 540 mm Hg manifold absolute
pressure for 8 minutes
® 30 second ramp to 2000 rpm
2. The cycle is repeated for 100 hours.

Fuel Requirement:

The fuel requirement for this test is approximately 330
gallons.

Duration:

The duration of this test is 100 hours.

Test Results:

This test is required to meet the TOP TIER DETERGENT
GASOLINE DEPOSIT CONTROL PERFORMANCE
STANDARD. A test is a PASS if the average intake valve
deposit (IVD) weight is less than 50 mg per the four valves
if the base fuel used had demonstrated a 500 mg average
IVD result. Also required for this standard is that the
combustion chamber deposit (CCD) weight be no greater
than 140% as compared to a base fuel result.
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Topic:

Combustion Chamber
Deposit Evaluations

Point of Contact:

Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective:

The objective of this test is to evaluate the capability of a
test fuel or fuel additive to prevent CCD growth or to clean
CCDs previously formed.

Vehicle:

Various vehicles may be used for this test procedure.

Test Procedure:

For CCD Thickness Measurements:

Use a Fisher Permascope® thickness measurement
device linked to a computer for data storage. Acrylic
templates are used to improve test accuracy and
precision.

For CCD Weight Measurements:

Deposits are manually scraped into specially designed
envelopes. Deposits are then weighed to the nearest 0.1
mg.

Fuel Requirement:

Various amounts of fuel may be used for this procedure.

Duration:

This test procedure usually requires 10,000 to 20,000
miles for deposit stabilization. The driving route should
include a mix of city, suburban, and highway driving with a
soak period.

Test Results:

CCD thickness and weight measurements for the piston
top and combustion chamber regions of each cylinder are
determined.

Note:

CCD evaluations are usually incorporated into a fleet
program that also includes intake valve deposit (IVD) and
octane requirement increase (ORI) evaluations.
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Test:

SCPI Fuel Injector
Poppet Sticking Test

Point of Contact

Chris Barker Kevin Brunner
Phone: (210) 522-2508 Phone: (210) 522-3579
Fax: (210) 684-7523 Fax: (210) 684-7523

Test Objective

The objective of this test is to evaluate the ability of
gasoline deposit control additives to prevent fuel injector
poppet nozzles to stick closed. This test is part of the TOP
TIER DETERGENT GASOLINE DEPOSIT CONTROL
PERFORMANCE STANDARD.

Apparatus

1998 to 2001 General Motors light-duty van equipped with
a 4.3-L V6 engine and a Sequential Central Port Injection
(SCPI) fuel injection system

Test Procedure

1. Flush vehicle fuel system with test fuel and install new
injectors.

2. An automatic control system starts and idles the vehicle
for five minutes.

3. The engine is then shut off and allowed to hot-soak for
25 minutes.

4. This cycle is repeated for a total of 192 cycles (96
hours).

5. The engine is allowed to hot-soak for 48 hours, during
which time the engine is not started but is maintained at
operating temperature.

6. At the end of the 48-hour hot soak, the block heaters
are turned off and the engine is allowed to cool
naturally to room temperature.

7. An injector balance test is conducted to determine
whether any poppet nozzles are stuck closed.

Fuel Requirement

The fuel requirement for this test is 20 US gallons.
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Topic:

Vehicle Driveability Testing

Point of Contact:

Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective:

The objective of this test is to evaluate effects of fuel or
fuel additive on vehicle operation as related to deposit
formation or fuel volatility/driveability index.

Vehicle:

Various vehicles may be used for this procedure.

Test Procedure:

This test procedure may include:
1. CRC cold start and warm-up driveability procedure
2. BMW driveability procedure

3. SAE procedure

Fuel Requirement:

The fuel requirement is dependent upon test objective and
procedure (10 gallons per evaluation).

Duration:

Duration of this test is dependent upon test objective and
procedure (24 hours per evaluation).

Test Results:

Total of weighted demerits is recorded at the end of the
test.
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Topic:

Vehicle Octane
Requirement
Determinations and
Octane Requirement
Increase (ORI)
Evaluations

Point of Contact:

Kevin Brunner
Phone: (210) 522-3579
Fax: (210) 684-7523

Test Objective:

The objective of this test is to determine the lowest octane
level fuel at which a vehicle can be operated without
audible knock being detected by a trained rater. For ORI,
the test objective is to determine the amount of increase in
octane requirement of a vehicle as it accumulates miles.

Vehicle:

Various vehicles may be used for this test procedure.

Test Procedure:

® For individual vehicle octane requirement
determinations, CRC designation E-15 procedure is used.
® For ORI evaluations, multiple determinations are
conducted at various test mileage points with ORI being
the difference in start and end determinations.

Fuel Requirement:

Primary reference fuel is used for this test procedure.

Duration:

During determinations, approximately 35 miles are
accumulated. For ORI evaluations, the final determination
is conducted after octane requirement has stabilized,
which requires approximately 20,000 miles.

Test Results:

Test results reported include:
® Vehicle octane requirement
® Vehicle ORI

Note:

ORI evaluations are usually incorporated into a fleet
program that also includes intake valve deposit (IVD) and
combustion chamber deposit (CCD) evaluations.
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Fuels Analysis

Topic:

ASTM D 6421 Port Fuel

Injector Test (Formerly CRC
Port Fuel Injector Test)

Point of Contact:

Robert Legg
Phone: (210) 522-2071
Fax:  (210) 522-5592

Test Objective:

The objective of this test is to evaluate fouling tendencies
of gasolines and the effects of additives by simulating the
port fuel injector vehicle test.

Apparatus:

For this test, a port fuel injector bench rig is used.

Test Procedure:

1. The test cycle consists of:
® 15 seconds of spray
® 50 minutes of hot soak at 160°C
® 10 minutes cool down

2. Repeat for 44 test cycles.

Fuel Requirement:

The fuel requirement for this test is 2 gallons of fuel.

Duration:

The test duration is 44 hours.

Test Results:

Flow volume change is noted.

Note:
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Topic:

High Frequency
Reciprocating Rig (HFRR)

Point of Contact:

Robert Legg
Phone: (210) 522-2071
Fax: (210) 522-3658

Test Objective:

The objective of this test is to define the wear resistance
of diesel fuels.

Apparatus:

The apparatus used for this test is a high-frequency
reciprocation rig (HFRR).

Test Procedure:

A 75-minute test is performed during which a ball slides on
a flat specimen with a reciprocating motion. The diameter
of the scar on the ball at conclusion of the test is noted as
a measure of wear resistance.

Fuel Requirement:

The fuel requirement for this test is 10 ml diesel fuel.

Duration:

Test duration of this test is 2 hours.

Test Results:

The wear scar diameter is recorded in millimeters.

Note:

This test procedure has been standardized as
ASTM D 6079.
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Topic: Induction System Deposit
Fuel Evaluation

Point of Contact: Robert Legg
Phone: (210) 522-2071
Fax:  (210) 522-5592

Test Objective: The objective of this test is to evaluate the tendency of
motor gasolines to form induction system deposits by
simulating carburetor spark-ignition engine conditions.

Apparatus: An induction system deposit bench rig is used for this test.

Test Procedure: The test procedure is as follows:

1. A 100-ml volume of the test fuel is sprayed onto the
deposit tube — 50 minutes

2. Heat soak and cooling time — 10 minutes

3. If required, repeat with additional 100-ml volume of

test fuel
Fuel Requirement: The fuel requirement for this test is 100 to 300 ml of fuel.
Duration: The duration of this test is 1 to 3 hours.
Test Results: The test results are measured by the deposit weight gain

on the deposit tube for every 100 ml of fuel.

Note: This test is described in Federal Test Method 500.1.
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Topic: Scuffing Load Test As A
Measure of Lubricity

Point of Contact: Robert Legg
Phone: (210) 522-3367
Fax:  (210) 522-3658

Test Objective: The objective of this test is to define the lubricity of diesel
fuels under highly loaded conditions.

Apparatus: A modified ball-on-cylinder lubricity evaluator (BOCLE) is
used for this test.

Test Procedure: The test procedure is as follows:

® Laboratory scale wear test using ball-on-cylinder
geometry.

® Minimum applied load required for the on set of severe
adhesive wear is taken as a measure of lubricating

quality.
Fuel Requirement: For this test, 50 ml of diesel fuel is required.
Duration: Duration of this test is 2 hours.
Test Results: Test results recorded are load in grams to produce
scuffing.
Note: This procedure has been standardized as ASTM D 6078.
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Topic: Intake Valve Deposit
Apparatus

Point of Contact: Robert Legg
Phone: (210) 522-2071
Fax:  (210) 522-5592

Test Objective: The objective of this test is to evaluate the fouling
tendencies of a gasoline or the effectiveness of an
additive in preventing intake valve deposits.

Apparatus: A bench rig to simulate the formation of intake valve
deposits is used for this test.

Test Procedure: 1. Test cycle consists of :
® 0.8 second spray every 10 seconds
® Continuously heated valve

2. The cycle is repeated for 20 hours.

Fuel Requirement: The fuel requirement for this test is 2 liters of fuel.

Duration: The test duration is 20 hours.

Test Results: The valve weight increase is determined at the end of this
test.

Note:
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Light- and Heavy-Duty Vehicle Emissions
and Fuel Economy

Topic:

Emissions Light- and
Heavy-Duty Evaluation
Using Chassis
Dynamometer

Point of Contact:

Kevin Whitney
Phone: (210) 522-5869
Fax:  (210) 522-3950

Test Objective:

The objectives of this test are:

® Control technology development

® Fuel/additives effects on emissions and fuel economy
® Emission characterization

® Emissions certification

Vehicle:

Any light-duty vehicle, or heavy-duty vehicles such as
urban buses or semi-tractor may be selected for use.

Test Procedure:

Transient operation over any schedule, most steady-state
conditions, at controlled temperatures (10°F to 120°F) are
available for light-duty work.

Fuel Requirement:

Fuel requirements for this test are as required by client.
Gasoline, diesel fuel, ethanol blends, liquefied petroleum
gas, natural gas, and biofuel blends in varying quantities
may be called for in this procedure.

Duration:

Cycles and modes typically range from 20 minutes to 1
hour. Most tests require preparation and 12-hour soak.

Test Results:

Test results from this test typically include:

® Regulated & unregulated emissions

® Vehicle & tested component performance data
® Modal analysis and continuous raw emissions
® Fuel consumption

Note:
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Specialized Lubricant Evaluations

Topic: Exhaust Valve Seat
Recession

Point of Contact: Scott Ellis
Phone: (210) 522-2892
Fax: (210) 684-7523

Test Objective: The objective of this test is to determine the effects of
gasoline additives and/or lead (Pb) content in reducing or
eliminating exhaust valve seat recession in an engine
designed to run on regular leaded gasoline.

Apparatus: For this test, a 134 CID Ford industrial engine on a
dynamometer test stand is used.

Test Procedure: Normally, 8-hour segments of 2,100 rpm at wide open
throttle are required for this test procedure.

Fuel Requirement: The fuel requirement for this test varies with test time;
however, approximately 4 gallons of fuel per hour are
required.

Duration: Test duration is 40 hours for 0.075 in. recession

(unleaded, nonadditized fuel).

Test Results: At end of test, exhaust valve seat recession is noted.

Note:
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Notes:
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