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RATIONALE

The SAE J1537 Recommended Practice is fully revised and updated to reflect numerous changes in pump testing
procedures, as well as new developments in the available technologies. Since SAE J1537 was originally published, the
automotive industry has adopted new test procedures that incorporate emerging technologies and these are all incorporated
in this revised document.

The use of uniform and standardized testing and evaluation procedures for in-tank fuel pumps is important to the worldwide
automotive community. Standardized test procedures provide both fuel pump manufacturers and end-users with one
accepted test for each of the key fuel pump performance parameters, instead of a specialized test protocol for each of many
customers and applications. The use of these procedures for test configurations, testing methods, data reduction, and
reporting that are contained in this document significantly enhance the ability to determine the performance, durability, and
integrity of low-pressure, in-tank gasoline fuel pumps.

FOREWORD

A gasoline, low-pressure, electric fuel pump is an electrically powered and electrically controlled device that is normally
used to supply pressurized gasoline to spark-ignition engines that utilize port fuel injectors (refer to SAE J1832) or as a
low-pressure feeder pump to high-pressure fuel systems employing gasoline direct injectors (refer to SAE J2713). It is
normally mounted in a configuration such that it is submerged in the gasoline within the fuel tank of the vehicle. Low-pressure
electric pumps operate in a different manner than the high-pressure, engine-mounted pumps that are employed in gasoline
direct injection (GDI) systems, hence the existing GDI pump recommended practice (refer to SAE J2714) cannot be
employed. These tests that are detailed in this recommended practice will permit the evaluation, characterization and
comparison of in-tank, low-pressure electric fuel pumps. It should be noted that such pumps that are manufactured as
components in a fully contained fuel-supply module may not be amenable to testing using some of the listed test procedures.
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1. SCOPE

This SAE Recommended Practice defines the tests for three basic categories of pump characteristics. These are the basic
functional performance tests, the pump limitation tests and the pump integrity tests. The basic functional tests included are
three individual tests, with the first being for pump speed, current draw, and electrical resistance. The other two individual
tests are for the deadhead pressure and the delivered fuel flow rate at the rated delivery pressure and voltage. The included
tests for pump limitations are individual tests for hot fuel handling, cold magnet knockdown, load dump transient, electrical
interference, and reverse flow leak. The testing for pump integrity includes individual tests for vibration, temperature cycling,
internal fluid compatibility, and operational durability. These 12 individual tests provide a characterization of the particular
pump. This document only addresses the in-tank-mounted, electric-motor-driven, low-pressure fuel pump itself, and does
not address in-tank pump modules, as these modules may include other devices. The pumps that are to be tested are
intended for the pumping of liquid fuels that are applicable to fuel-injected, spark-ignition engines.

1.1 Purpose

The purpose of this recommended practice is to provide a neutral, unbiased test for each defined performance parameter
of the gasoline, low-pressure, electric fuel pump. The specific purposes of the SAE J1537 document are to:

e Standardize the use of nomenclature specifically related to the performance evaluation and characterization of the
gasoline, low-pressure, electric fuel pump.

¢ |dentify and define the key metrics that constitute the characterization of this type of pump.
o Establish detailed test procedures and recommend test equipment and methods to measure these key metrics.
e Establish the recommended data reduction and analytical procedures associated with the defined tests.

o Establish the criteria for data reporting and the required accompanying information that must be reported in order to
interpret and reproduce the test results and compare one pump to another.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J1113/11 Immunity to Conducted Transients on Power Leads
SAE J1681 Gasoline, Alcohol, and Diesel Fuel Surrogates for Materials Testing
SAE J1747 Recommended Methods of Conducting Corrosion Tests in Hydrocarbon Fuels or Their Surrogates

and Their Mixtures with Oxygenated Additives

SAE J1832 Low Pressure Gasoline Fuel Injector
SAE J2713 Direct Injection Gasoline Fuel Injector Characterization
SAE J2714 Gasoline Direct Injection Pump
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2.1.2 ASTM Publications

Available from ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959,
Tel: 610-832-9585, www.astm.org.

ASTM D86 Standard Test Method for Distillation of Petroleum Products

ASTM D323 Test Method for Vapor Pressure of Petroleum Products (Reid Method)

ASTM D1266 Test Method for Sulfur in Petroleum Products (Lamp Method)

ASTM D1319 Test Method for Hydrocarbon Types in Liquid Petroleum Products by Fluorescent Indicator
Adsorption

ASTM D2699 Standard Test Method for Research Octane Number of Spark Ignition Engine Fuel

ASTM D3231 Test Method for Phosphorus in Gasoline

ASTM D3237 Test Method for Lead in Gasoline by Atomic Absorption Spectrometry

ASTM D4806 Standard Specification for Denatured Fuel Ethanol for Blending with Gasolines for Use as Automotive

Spark Ignition Fuel
ASTM D4814 Standard Specification for Automotive Spark Ignition Engine Fuel
2.1.3 Code of Federal Regulations (CFR) Publications

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401,
Tel: 202-512-1800, www.gpo.gov.

40 CFR 86.113-04  Test Fuel Specifications without Ethanol
2.1.4  ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/.

ISO 7637-2 (2011)  Road Vehicles - Electrical Disturbances from Conduction and Coupling - Part 2: Electrical Transient
Conduction Along Supply Lines Only

3. DEFINITIONS
3.1 INDOLENE UNLEADED GASOLINE

Gasoline as defined in the Code of Federal Regulations, Title 40, Part 86, Section 113. See Appendix A for details. See 4.1
for the use of alternative test fluids.

3.2 RETURN PRESSURE (Pret)

The pressure in the return fuel line back to the fuel tank in a return-type system. Returnless fuel systems do not have this
line. The pressure is expressed in kilopascals (kPa).

3.3 PUMP OUTLET PRESSURE (Pout)

The fuel pressure supplied by the pump, as measured at the pump outlet. This is expressed in kilopascals (kPa).
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3.4 NORMAL OPERATING PRESSURE (Pnorwm)

The normal operating pressure is the average pressure to which the pump will be commanded during normal operation,
and is used to establish the pump dynamic characteristics. Pnorwm is established by the application and is equal to or higher
than the application system pressure at the engine. The normal operating pressure is expressed in kilopascals (kPa).

3.5 MAXIMUM OPERATING PRESSURE (Pmax)

The maximum pressure to which the pump assembly will be subjected, including momentary surges in pressure which may
occur during normal service. The maximum operating pressure is expressed in kilopascals (kPa). This is also referred to as
the maximum working pressure

3.6 DEADHEAD PRESSURE (Pan)

The test pressure that is generated by the pump when the outlet of the pump is totally blocked. The deadhead pressure is
expressed in kilopascals (kPa). A typical value of Pdn is approximately 900 kPa.

3.7 PRESSURE FLUCTUATION PEAK-TO-PEAK (Pp-p)

The maximum fluctuation of fuel pressure at the pump outlet that is measured while operating at a specified operating
condition. This is the difference between the maximum and minimum instantaneous pressure values as observed over a
minimum of ten full pump cycles and is expressed in kilopascals (kPa).

3.8 PUMP DISPLACEMENT (VD)

The displacement of the pump is the theoretical volume displaced per drive shaft revolution. The displacement is dependent
only upon the physical dimensions of the pumping elements. It is a volume that is expressed in liters (L).

3.9 PUMP SPEED (Np)
The speed of the pump as indicated by the number of revolutions per minute (rpm) of the pump drive shaft.
3.10 PUMP MAXIMUM SPEED (Nmax)

The maximum speed of the pump that is attainable without sustaining permanent damage. It is expressed in revolutions per
minute (rpm)

3.11 PUMP CAPACITY (Qp)

The pump capacity is the quantity of fluid actually delivered per unit of time, including both liquid and any dissolved or
entrained gases, under specified operating conditions. It is measured in units of liters per hour (L/h).

3.12 PUMP DELIVERED FUEL FLOW RATE (Qu)

The pump delivered fuel flow rate is the rate of fuel delivered for operation at standard test conditions using the standard
test fuel of Indolene unleaded gasoline and at the rated delivery pressure of the application pump being tested. It is
measured in units of liters per hour (L/h).

3.13 PUMP VOLUMETRIC EFFICIENCY (nv)

The pump volumetric efficiency is the ratio of the pump capacity (Qp) divided by the pump displacement (VD) for a specified
operating condition. The volumetric efficiency is expressed as a percentage (%).
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3.14 PUMP OVERALL EFFICIENCY (n)

The pump overall efficiency is the ratio of the pump output power (as determined from the flow and pressure measurements)
to the pump input power (as determined from the voltage and current at the pump electrical terminals). The pump overall
efficiency is expressed as a percentage (%).

n = [(Flow rate*Pressure)/(3600*Voltage*Current)] * 100% (Eq. 1)
Where the associated units are flow rate (L/h), pressure (kPa), voltage (VDC), and current (A).
3.15 PUMP TIME-TO-PRIME (t prime)

The pump time-to-prime is the time between the initial application of pump voltage and the attainment of 75% of the pump’s
rated pressure in the fuel line at the outlet of the pump.

4. STANDARD TEST CONDITIONS
The following standard test conditions are recommended:
4.1  Test Fluid

Indolene unleaded gasoline is specified as the standard test fluid for the measurement of pump performance characteristics
unless otherwise specified for a particular test. The detailed specifications for this test fluid are provided in Table A1 in
Appendix A. For any testing at elevated temperatures (above 35 °C), the specified test fluid shall be Bogey Il. For example,
the fuel temperature exceeds 60 °C in the hot fuel handling test. The specifications for Bogey Il are also listed in Appendix A.

It is important to note that alternate test fluids to Indolene unleaded gasoline, such as MIL-PRF-7024 Type Il laboratory test
fluid (Stoddard solvent calibration fluid), mineral spirits, and other fluids which have properties approximating the physical
properties of Indolene unleaded gasoline may be utilized without creating a test deviation. The use of one of these fluids is
sometimes required for safety reasons in certain laboratory installations, and such usage is fully described in SAE J1681.
However, if Indolene unleaded gasoline is not used as the test fluid when that test calls for it, the actual test fluid is to be
clearly indicated on the data-reporting sheet. If the actual alternate fluid used is not Stoddard solvent or mineral spirits, then
a listing of the physical properties of the actual fluid used shall be attached to the data-reporting sheet for that test. It should
also be noted that some pump tests (such as pump durability) will require special specific corrosive fluids other than Indolene
unleaded gasoline. If the test being conducted requires a specific fluid other than Indolene unleaded gasoline, then the
non-use of Indolene unleaded gasoline does not have to be called out on the data reporting sheet.

4.2 Test Fluid Temperature

The test fluid temperature shall be measured at the pump inlet and is to be stabilized at 21 °C £ 2 °C, unless otherwise
specified in a particular test.

4.3 Pump Inlet Pressure

The average gauge pressure measured at the inlet to the pump. Pump inlet pressure shall be held to £2% of the set value
throughout the test, unless otherwise specified.

4.4 Pump Outlet Pressure

The average gauge pressure measured at the pump outlet. Pump outlet pressure shall be held to +2% of set value
throughout the test, unless otherwise specified.

4.5 Ambient Test Conditions

Unless otherwise specified for a specific test, the ambient air temperature should be maintained at a temperature of
21 °C £ 2 °C and within a pressure range of 100 kPa + 5 kPa.
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5. EQUIPMENT REQUIRED FOR FUEL PUMP TESTING

This section describes the test equipment and configurations that are necessary for the measurement of fuel pump
functionality, durability and integrity.

5.1  General Fuel Pump Test Equipment (see Figure 1)

This section describes the basic equipment and interconnection considerations required to obtain flow performance data
from the various test configurations. The basic performance test equipment shall be capable of adjusting the voltage that is
applied to the pump, the test fluid pressure, and of using a range of test fluids at controlled temperatures. The equipment
shall also be capable of monitoring and measuring the following pump flow parameters:

e Pump delivered flow rate

e Pump current draw

e Pump operating pressure

e Pump voltage

e Pump speed

PUMP SPEED
METER
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USE SHORT LENGTHS. LENGTH A B SHOULD BE MINIMAL.
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POWER SUPPLY +
LEADS o / TO PUMP TERMINALS
» FLOW METER
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ADJUsTABLE HEIGHT REFERENCE
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SENSE LEADS

B
DIFFERENTIAL
PRESSURE GAUGE
I )O v
/ FILTER
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NOTE: BOTH POWER N
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ELECTRICAL LEADS
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1
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\
25°C 2 °C %‘ MIN L
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Figure 1 - Schematic of the flow test stand configuration for electric fuel pump testing
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5.1.1 Adjustable DC Power Supply

a. Voltage range: 0 to 24 VDC.

b. Current range: 0 to 50 A (minimum).

c. Stability: Must maintain set voltages at the pump terminals during flow measurement within £0.1 V.

NOTE: A power supply with external voltage sense capability allows the power supply to sense and stabilize the voltage at
the pump terminals.

5.1.2 DC Ammeter
a. Currentrange: 0 to 50 ADC.
b. Accuracy: £0.01 A.
5.1.3 DC Voltmeter
a. Voltage range: 0 to 24 VDC.
b. Accuracy: £0.01 V.
c. Connection: Voltmeter leads are to be connected directly to pump terminals (see Figure 1).
5.1.4 Pressure Measurement (Transducer, Gage, or Manometer)
a. Pressure ranges:
1. 0 to 1000 kPa.
2. Higher pressure ranges may be required depending on the pump type and application.
b. Accuracy: £1% of reading.
c. Location: The differential transducer or gage must be referenced to the same level as the pump outlet (see Figure 1).
5.1.5 Pump Speed Monitoring and Measurement
a. Speed range: 0 to 20000 rpm.
b. Accuracy: +1% of reading.
c. Measurement method: Measure frequency of current ripple.
5.1.6 Filter (Optional)

A maximum pressure differential for the filter should be 5 kPa at a flow rate of 600 L/h. The filter should contain an air bleed
or have a configuration which eliminates trapped air.

5.1.7 Adjustable Flow Restrictor or Pressure Regulator

The maximum pressure differential with the restrictor wide open should be 7 kPa at a flow rate of 200 L/h. The maximum
restriction may be fully closed.
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5.1.8 Flowmeter

e Range: 0to 600 L/h.

e Accuracy: +0.5% of full scale, with test fluid outlined in 4.1.
5.1.9 Tubing

e Size: 9.5 mm OD (minimum).

Length: As short as possible.

Bends: None preferable.

Material: Stainless steel.

5.1.10 Test Fluid Reservoir Tank

The test fluid reservoir tank shall be stainless steel. The height of the tank shall be sufficiently high such that the test fluid
covers the electrical connection of a vertically mounted fuel pump, and shall be sufficiently wide such that the fluid return
tube can be at least 75 mm from the pump inlet.

5.2 Specific Equipment for Individual Pump Tests

The special test equipment that is specific to each individual test within the document is described in this section. This
includes specialized test equipment, facilities (such as explosion-proof), special test fluids, as well as specialized drain and
submersion tanks.

5.21 Hot Fuel Handling Test Equipment

A special test stand capable of operation using Bogey Il test fluid at elevated fluid temperatures of up to 70 °C is required.
A schematic of this type of stand is illustrated in Figure 2. This stand must also be in an explosion-proof room that is rated
as NEC Class 1, Division 1, Group D. The stand is to have the capability of monitoring and measuring the pump speed and
fluid pressure, and of applying and monitoring the DC voltage applied to the electrical connectors of the pump. A sealed
stainless steel tank with a volume of at least 20 L is required.
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Figure 2 - Schematic of equipment for the hot fuel handling test
5.2.2 Cold Magnet Knockdown Test Equipment
A sealable stainless steel tank capable of immersing at least five pumps in Indolene unleaded gasoline is required. A cooling
system capable of lowering the fluid temperature to at least -40 °C and maintaining a temperature of this order for up to
150 minutes is also required. A voltage controller and a wiring harness capable of energizing at least five pumps with
24 VDC is also required.
5.2.3 Load Dump Transient Test Equipment
Refer to SAE J1113/11 for a listing of the equipment required for this test.
5.2.4 Test Equipment for the Optional Electrical Interference Test
Refer to ISO 7637-2 (2011) for the equipment required for this test.
5.2.5 Deadhead Pressure Test Equipment
A standard test stand capable of operation using Indolene unleaded test fluid is required. The stand is to have the capability
of monitoring and measuring the pump speed and fluid pressure, and of applying and monitoring the DC voltage applied to
the electrical connectors of the pump. In addition, a specially designed sealing plate is needed to block all pressurized fluid
from exiting the standard outlet of the pump. Part of the design of this sealing plate is to incorporate a pressure-monitoring
port at the plane of the pump outlet. A fuel collection line or tube is required in order to convey waste fuel from the pump
pressure-relief valve back to the fluid reservoir or to a waste collection tank.
5.2.6 Reverse Flow Leak Test Equipment
A test fixture similar to that shown schematically in Figure 3 is required to conduct the reverse flow leak test. A stainless
steel supply tank for Indolene unleaded gasoline is part of the test fixture, as is a standard bottle of dry nitrogen and a

burette that is calibrated in milliliter divisions. The burette must be capable of safely sustaining an internal pressure level of
1040 kPa without damage when the end of the burette is sealed and internal pressure is applied.
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Figure 3 - Schematic of the test fixture for determining the reverse flow leakage
5.2.7 Vibration Test Equipment

A standard commercial vibration shaker table is required to conduct the vibration test. This shaker table should ideally have
the capability of mounting five in-tank pumps at the same time, but a table that can mount only one pump is acceptable.
The associated diagnostic electronics for the table shall be capable of measuring the vibration frequency, amplitude, and
acceleration in each of three different orthogonal orientations of the axis.

5.2.8 Temperature Cycling Test Equipment

Two thermal chambers are required for this test, each with a volume capable of accommodating at least five pumps
simultaneously. One is a heating chamber and the other is a cooling chamber. The heating system must be capable of
maintaining the air in the heating chamber at 80 °C for at least 6 hours. Similarly, the cooling system for that chamber must
be capable of maintaining the air temperature in the cooling chamber at -35 °C or below for at least 6 hours. The palette
containing the test pumps may be moved manually from one chamber to the other, or commercial automated equipment
may be employed to accomplish this. No electrical equipment is required, as the pumps are not energized.

5.2.9 Internal Fluid Compatibility Test Equipment

A stainless steel containment vessel (minimum grade is type 304) is required to conduct the internal fluid compatibility test.
The vessel shall be capable of holding at least five in-tank pumps simultaneously and should be leak-proof regarding all of
the range of immersion test fluids that are specified in the test. It should also have a sealable access door or cover. Multiple
such vessels are required if multiple immersion test fluids are to be tested simultaneously. A single volm@mrnlfesnttfsr

12.0 VDC and a single pump wiring connector are the only electrical components required.
Document Sharing Hub

Full document details: SAE J1537_202105


http://www.avadocuments.com/doc/sae-j1537-202105
http://www.avadocuments.com/doc/sae-j1537-202105

SAE INTERNATIONAL J1537™ MAY2021 Page 14 of 56

5.2.10 Operational Durability Test Equipment

A stainless steel containment vessel with a volume of at least 54 L is required to conduct the operational durability test. A
durability test stand capable of accommodating multiple pumps in each run (preferably a minimum of five) is also required.
This stand should have the capability of running gasoline, E85, and a corrosive mixture of gasoline and ethanol, and to
maintain these test fluids at up to 36 °C for a period of not less than 3000 hours. The electrical power system must be
capable of delivering 13.5 VDC to up to five test pumps simultaneously, and must incorporate an automated, programmable
start-and-stop capability.

6. GENERAL OPERATION OF THE PUMP FLOW TEST STAND
6.1 Introduction to Pump Flow Stand Operating Considerations

An important detail in the majority of the pump tests in this document is that the five key pump performance parameters
require measurements both prior to and subsequent to the running of these tests. These five parameters are the deadhead
pressure, the delivered flow rate at rated pressure, the pump electrical resistance, the pump current draw, and the pump
speed at the rated delivery pressure and voltage. Another key consideration is that all new pumps must be operated for an
initial 10 minute break-in period prior to any testing.

6.2 Installation of Test Pumps

Each fuel pump with its appropriate inlet filter is to be installed in the test tank maintaining the conditions prescribed in
Figure 1. Note particularly the position of the pressure gage in relation to the pump outlet, the point of connection for the
voltmeter leads, and the position of the return line in relation to the pump and the anticipated fluid height.

6.3 Test Fluid for Pump Flow Stand Testing

Unless otherwise specified in a particular test, Indolene unleaded gasoline should be utilized as the pump test fluid. See
4.1 for a full discussion of the use of an alternative test fluid.

6.4 Adding and Maintaining the Test Fluid

The test fluid is to be added to the tank such that the pump electrical connection is covered by the fluid, and that the return
line is submerged a minimum of 75 mm deep in the fluid (see Figure 1). Add any necessary test fluid throughout the test as
needed to maintain that fluid level. The test fluid should be changed every 168 hours + 8 hours to minimize the accumulation
of contaminants.

6.5 General Procedure for Operating the Pump Flow Stand

a. Perform the pump break-in for each new pump that is tested by operating the pump on the standard test fluid at the
rated delivery pressure. A pump break-in period of 10 minutes (or any other time period to be jointly agreed to by the
manufacturer and user) should be utilized for any new pumps prior to running a performance test. Any break-in time
other than 10 minutes should be indicated in the comment section of the data reporting sheet.

b. Turn on the electrical power supply and adjust the voltage to 12.0 VDC + 0.1 VDC at the pump terminals. It should be
noted that for some tests, such as operational durability, 13.5 VDC is the specified applied voltage.

c. Adjust the test stand pressure regulator to the specified operating pressure.

d. Observe the flow meter for a stable output (typically £2%). If stable flow readings cannot be obtained, check to be sure
the return line is not too close to the pump inlet (see Figure 1) and that fuel temperature is within specified limits. If
instability persists, cycle the regulator several times and/or bleed the system to purge entrapped air to stabilize the flow.
If the fuel flow rate is observed to be stable and the fuel temperature is within acceptable limits, proceed with the test
measurements.
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7. FUEL PUMP FUNCTIONAL PERFORMANCE TESTING
7.1 Introduction to Fuel Pump Functional Performance Testing

The performance testing of the in-tank, gasoline, low-pressure pump involves the measurement of five key parameters that
contribute significantly to the overall performance. These five parameters are:

e Pump speed at the rated delivery pressure and voltage.

Pump current draw.

Pump electrical resistance.

e Deadhead pressure.

Delivered flow rate at the rated delivery pressure and applied voltage.

The five key performance parameters are measured in three individual tests. With the pump speed at the rated delivery
pressure and voltage, the pump current draw and the pump electrical resistance are measured in the first test, with the
deadhead pressure and the delivered flow rate at the rated delivery pressure and voltage measured in the second and third
tests, respectively. In some tests, there are additional metrics that are to be measured for the pump beyond these five key
performance parameters, and these are incorporated into two additional pump test classifications of limitation testing and
integrity testing. In the majority of the other nine tests described in this document, for example vibration, these five functional
performance parameters in the functional performance category are to be measured both before and after the specified test
in order to quantify the changes that resulted from the test. For example, the effects of vibration testing (within the integrity
testing category) are ascertained by measuring the changes in the five key performance parameters that result from the
test. This is accomplished by measuring the values of the five parameters before the vibration test, then measuring them
again following the completion of the test.

7.2 Pump Speed, Current Draw, and Electrical Resistance Test

The functional pump speed in rpm, the pump current draw in amperes (A) and the pump electrical resistance in ohms (Q)
are to be measured while the pump is operating at the standard conditions that are defined in Section 4. The voltage applied
to the pump electrical terminals shall be 12.0 VDC, and the outlet pressure shall be set to the rated delivery pressure of the
pump. The parameters measured in this test comprise three of the five key performance parameters that are defined for the
in-tank, low-pressure gasoline pump. These parameters are measured in many of the tests within this document, and in
most cases are specified to be measured both before and after each test.

7.2.1 Procedure for the Speed, Current, and Resistance Test

a. A minimum of five new pumps are to be tested, with one pump tested at a time. More pumps may be optionally tested
if desired. The pumps are to be selected from serial production. Precondition each of the test pumps by conducting a
break-in procedure according to 6.5 step (a).

b. Mount a new, preconditioned test pump in a test stand that is capable of operation using Indolene unleaded gasoline
as the test fluid. Adjust the test stand pressure regulator to the rated fuel delivery pressure for the pump being tested.
Operate the pump for 5 minutes at standard test conditions using the standard test fuel, with an applied voltage of
12.0 VDC + 0.1 VDC.

c. After 5 minutes, conduct another five-minute observation run in order to monitor the pump rotor speed, the electrical
current being drawn by the pump and the electrical resistance across the pump electrical connectors.

d. If the observed value of the pump speed is stable to within +1.0% and the current draw and resistance readings are
stable within £1.5% over this 5-minute observation period, note the values.
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e. If one or more parameters are observed to have fluctuations that exceed the limits in step (d), then operate the pump
for an additional 5 minutes and observe and note the upper and lower limits of the fluctuating parameter, along with the
mean value.

f. If additional pumps are to be optionally tested, return to step (b) and mount the next pump. Then conduct steps (c)
through (f) for each remaining pump in the test set.

7.2.2 Data Reduction and Analysis for the Speed, Current, and Resistance Test
None required.
7.2.3 Data Reporting for the Speed, Current, and Resistance Test

Record the measured functional pump speed in rpm, the pump current draw in amperes (A) and the pump electrical
resistance in ohms (Q) on the data reporting sheet in Table 11. If one or more parameters were observed to be fluctuating
during the observation period, record the mean value and the observed upper and lower limits.

7.3 Deadhead Pressure Test
7.3.1 Introduction to the Deadhead Pressure Test

The deadhead pressure (Pan) of an in-tank, electric, low-pressure gasoline pump represents a measure of the maximum
pressure that can be delivered by that pump at various applied voltages, when the pump outlet is blocked and there is zero
delivered flow. It is a measure of the capability of the particular pump.

7.3.2 Procedure for the Deadhead Pressure Test

a. A minimum of five new pumps are to be tested, with one pump tested at a time. More pumps may be optionally tested
if desired. The pumps are to be selected from serial production. Precondition each test pump by conducting a break-in
procedure according to 6.5 step (a).

b. Mount a new, preconditioned test pump in a standard test stand that is capable of operation using Indolene unleaded
gasoline as the test fluid. Operate the pump for 5 minutes at standard test conditions using the standard test fuel and
an applied voltage of 12.0 VDC, then shut off the pump.

c. Next, the pump outlet is to be blocked with a sealing plate designed to stop all fuel delivery without leakage, and also
designed to provide a tap for monitoring the output fuel pressure at that plate. A capability for measuring and monitoring
the stall speed of the pump rotor is also required.

d. Connect a fuel collection line and collection container to the relief valve port of the pump such that any fuel exiting the
pressure relief port will be safely conducted away. This relief-valve fuel may alternatively be directed back to the test
fuel reservoir in lieu of using a separate collection container.

e. The pump is then to be energized by applying 5.0 VDC + 0.05 VDC to the electrical connectors. Allow the pump to
operate for 90 seconds, then measure the pump deadhead pressure at the outlet plate. Also measure the stall speed
(rpm) of the pump and the current draw (A) for this applied voltage.

f. Energize the pump again by applying 10.0 VDC * 0.05 VDC to the electrical connectors. Allow the pump to operate for
90 seconds, then measure the pump deadhead pressure at the outlet plate. Also measure the stall speed (rpm) and the
current draw (A) of the pump for this applied voltage.

g. Energize the pump for a third time by applying 12.0 VDC £ 0.05 VDC to the electrical connectors. Observe the pressure
relief valve and note whether it has opened to allow fuel to escape through the collection line. Whether it has opened
or not, allow the pump to operate for 90 seconds, then measure the pump deadhead pressure at the outlet plate. Also
measure the stall speed (rpm) of the pump and the current draw (A) for this applied voltage.
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h. If the pressure relief valve of the pump is not open at an applied voltage of 12.0 VDC, increase the applied voltage by
0.5 VDC and observe again. Continue this until either the relief valve opens or 15.0 VDC is attained without opening. It
is not required to record the deadhead pressure and stall speed for intermediate applied voltages for which the pressure
relief valve does not open. If the pressure relief valve opens at one of the intermediate applied voltages, allow the pump
to operate for 90 seconds with the relief valve open, then measure the pump deadhead pressure at the outlet plate.
Also measure the stall speed (rpm) of the pump and the current draw (A) for this intermediate voltage.

i. [If15.0 VDC is attained without the relief valve opening, allow the pump to run for 90 seconds at 15.0 VDC, then measure
the pump deadhead pressure at the outlet plate. Also measure the stall speed (rpm) of the pump and the current draw
(A) for this applied voltage.

j. Remove the voltage source from the electrical connectors and allow the pump to stop. Remove the test pump and
replace it with the next pump in the test set.

k. Repeat steps (b) through (j) for each pump in the test set.

7.3.3 Data Reduction and Analysis for the Deadhead Pressure Test
None required.

7.3.4 Data Reporting for the Deadhead Pressure Test

Record on the data reporting sheet in Table 10 the measured deadhead pressure (kPa), the associated pump serial number,
the pump stall speed (rpm), and the pump current draw (A) for each test pump. This is to be done for the 5.0 VDC, 10 VDC,
and 12.0 VDC applied voltages for each test pump. If the pressure relief valve was not activated at 12.0 VDC, record these
values for each pump for the applied intermediate voltage above 12.0 VDC at which the pump relief valve was activated.
This will be either 12.5 VDC, 13.0 VDC, 13.5 VDC, 14.0 VDC, 14.5 VDC, or 15.0 VDC. If the pressure relief valve is not
activated even if 15.0 VDC is applied, then report the deadhead pressure, the stall speed, and the current draw for 15.0 VDC.
Also clearly indicate on the data reporting sheet whether the pump pressure relief valve did or did not open.

7.4 Pump Delivered Flow Rate Test
7.4.1  Overview of the Pump Delivered Flow Rate Test

As one of the five key performance parameters, the delivered fuel flow rate (Qud) of the in-tank, low-pressure fuel pump is
perhaps the most important, and is a primary consideration when selecting a pump for an application. The delivered fuel
flow rate is normally measured and specified at the rated delivery pressure and voltage for the particular pump design and
application. The test is conducted on a standard fuel flow test bench (Eigure 1) using the standard test fluid of Indolene
unleaded gasoline at 21 °C + 2 °C and an ambient pressure of 100 kPa x 5 kPa. There are two types of basic flow tests,
with the first being to determine the flow characteristics of the pump design for a range of delivered (back) pressures and
applied DC voltages. The second type of flow test is a common one that is part of another pump test in this document. Many
of the tests in this document—for example, the vibration test—require a series of pre-test and post-test measurements of
key pump performance parameters in order to quantify the effect of the test on the pump performance. The pump flow at
standard operating conditions is one of these key performance parameters.

7.4.2 Procedure for the Pump Delivered Flow Rate Test

a. A minimum set of five new pumps are to be tested. The pumps are to be selected from serial production. If this is a test
to determine the flow characteristics of the pump design, then more pumps than five may be optionally tested if required.
If a break-in preconditioning test has not been performed on the pumps to be tested, then perform a preconditioning on
each of the test pumps by conducting a break-in procedure according to 6.5 step (a). If the delivered flow rate is being
determined as part of the pre-test and post-test values of another test in this document, a set of five pumps from that
particular test is to be tested.

b. If the delivered flow rate test is a test to determine the flow characteristics of the pump design, go to step (g).
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