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Foreword—A fuel pressure regulator in an electronic fuel injection system, maintains a controlled differential
pressure at the injectors for all engine operating conditions. Fuel delivered to the engine is metered by the length
of time the injector is open and the controlled differential pressure. Typical fuel injection systems are shown in
Figures 1A, 1B, and 2.

The most commonly used pressure regulator is a hydromechanical bypass pressure relief device that is capable of
sealing the fuel from returning to the fuel tank when closed. Typical fuel pressure regulators are shown in Figures
3 and 4. The regulator consists of two chambers separated by a diaphragm. The fuel chamber contains a fuel
inlet, a fuel outlet, and a valve. The air chamber contains a spring and is usually referenced to the pressure
condition of the discharge side of the injector(s) in a return fuel system, and to the ambient in a returnless
(demand) fuel system. When the fuel pressure exceeds the set point pressure, the diaphragm raises the valve off
the seat of the outlet passage and the excess pressure is relieved by permitting fuel to flow back to the fuel tank.
The actual fuel system pressure can deviate from the desired value due to an accumulation of the following
effects: slope, repeatability, hysteresis, dynamic response, and production variability from regulator to regulator.
Figure 5A illustrates the relationship of the fuel pressure to a reference pressure, and Figure 5B represents the
fuel pressure for a non-referenced pressure regulator case.

Severa on th cribed i
include flow-through regulators for use in returnless systems, and multiple regulators for dual-pressure systems.
Also, bleed-down types are used in some CFl applications to allow pressure and vapor relief during soak periods.
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A fuel pressure damper in an electronic fuel injection system is used to attenuate the pressure pulsations
generated by the fuel pump and the opening and closing of the fuel injectors. The hydraulic pulsations in the fuel
injection system can cause an objectionable audible noise, which is transmitted to the vehicle passenger
compartment. The fuel pulsations can create standing pressure waves in the fuel supply system, which will affect
the pressure at the fuel injectors and cause an uneven fuel delivery. Also, the high frequency pressure pulsations
can adversely affect the pressure regulator performance and durability. A fuel pressure damper may be used to
reduce the above problems. The control of fuel system hydraulic pulsation has been accomplished by various
means, with remote mounted surge chambers and pulse dampers as the most common. A fuel rail assembly with
internal damping features has also proven to be effective in attenuating injector induced pulsations.

The pressure damper commonly used in electronic fuel injection systems consists of two chambers, a fuel and an
air chamber, separated by a loaded diaphragm. Some pressure dampers use a mechanical spring, shown on

Figure 6, and some use a pneumatic chamber, shown on Figure 7. During engine operation, the fuel passes
through the pressure damper, which reduces the pressure pulsations.
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1. Scope—This SAE Recommended Practice promotes uniformity in the evaluation and qualification tests

conducted on fuel pressure regulators and pressure dampers used in gasoline engine applications. Its scope
is limited to fuel pressure regulators and dampers used in automotive port and throttle body fuel injection
systems where fuel supply pressure is below 1000 kPa. It is further restricted to bench type tests. More
specifically, this document is intended for use as a guide to the following:

a. ldentify and define those parameters that are used to measure fuel pressure regulator and pressure
damper characteristics of performance. The parameters included in this document are:

Slope

Operating Flow Range
Repeatability
Hysteresis

Dynamic Response

ORLN -~

b. Establish test procedures and recommend test equipment and methods to measure and quantify these
parameters.

c. Establish test procedures and recommend test equipment and methods to quantify simulated field
reliability over the life of the component.

d. Standardize the nomenclature as related to fuel pressure regulation and pressure damping for fuel
injection systems.

e. Except where stated, test results are recorded for individual parts. Where population characteristics
are reported, the sample size, selection method, and analysis technique must be explicitly stated.

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated, the latest revision of SAE publications shall apply.

2.1.1 SAE PuBLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J306—Automotive Gear Lubricant Viscosity Classification
SAE J308—Axle and Manual Transmission Lubricants

SAE J310—Automotive Lubricating Greases

SAE J313—Diesel Fuels

SAE J814—Engine Coolants

SAE J1541—Fuel Injection Nomenclature—Spark Ignition Engines
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2.1.2 ASTM—Available from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM B 117—Salt Spray (Fog) Testing

ASTM D 56—Flash Point by Tag Closed Tester

ASTM D 86—Distillation of Petroleum Products

ASTM D 128—Test Methods for Analysis of Lubricating Grease

ASTM D 323—Test Method for Vapor Pressure of Petroleum Products (Reid Method)

ASTM D 445—Test Method for Petroleum Products

ASTM D 471-79—Test Method for Rubber Property—Effect of Liquids

ASTM D 893—Test for Insolubles in Lubricating Oils

ASTM D 1266—Test Method for Sulfur in Petroleum Products (Lamp Method)

ASTM D 1298—Test for Density and Specific Gravity

ASTM D 1319—Test Method for Hydrocarbon Types in Liquid Petroleum Products by Fluorescent
Indicator Adsorption

ASTM D 1744—Water in Liquid Petroleum Products

ASTM D 2699—Test Method for Research Octane Number of Spark-Ignition Engine Fuel

ASTM D 3231—Test Method for Phosphorus in Gasoline

ASTM D 3237—Test Method for Lead in Gasoline by Atomic Absorption Spectrometry

2.1.3 FEDERAL PuBLICATIONS—Available from the Superintendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.

40 CFR 86.113-82—Fuel Specification of Emission Regulations Test Procedure
49 CFR 571-116—Motor Vehicle Hydraulic Brake Fluid

3. Performance Characteristics
3.1 Pressure Regulator
3.1.1 SET POINT PRESSURE

a. Definition—The test fluid pressure to which the regulator is set at a specified fluid flow rate. It is
specified as pressure (in kPa) at a fluid flow rate (in g/s).

b. Background—The regulator set point pressure determines the nominal operating pressure for a fuel

injection system. It is critical to the design of the system that this pressure be known and controlled.

The specified regulator set pressure is meaningless without the corresponding flow rate since the

pressure will vary as a function of flow rate. The set point specified for different applications may differ

due to the differences in required injector flow rates.

Objective—To measure the regulator set point pressure at the specified set point flow rate.

Test Apparatus—See 6.2.1,6.2.4, and 6.2.9.

Test Conditions—Refer to 5.1 through 5.6.

Test Method:

~® oo

1. Slowly increase test fluid pressure until fluid just starts to flow through the regulator (approximately
1.0 g/s).

2. Gradually increase the fluid flow until the specified set point flow rate is achieved (within 0.5 g/s).
Do not allow the flow to exceed the specified flow rate; if so, restart the procedure.

3. Allow the flow to stabilize for 15 to 30 s then record the regulator inlet pressure.

g. Data Required—Record the regulator inlet pressure, outlet pressure, and actual fluid flow rate. Report
set point pressure as: xxx.x kPa at specified set point flow rate.
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h. Reported Population Data—Measure the regulator set point pressure for a random sample of
regulators representative of a normal production distribution. Determine the sample mean (Xg) and
sample standard deviation (s). Report the population set point as the sample mean (Xg) + four times
the sample standard deviation (4 s): xxx.x £ xx.x kPa. Also report the 4 s as a percentage of Xq:
XX X%.

3.1.2 SLOPE

a. Definition—The change in regulator pressure over a linear flow range which results from a change in
fluid flow rate through the regulator, all other parameters remaining constant. It is specified as
pressure change per unit flow rate (i.e., kPa/(g/s)) between well defined lower and upper flow rates. A
positive slope represents increasing pressure with increasing flow rate (see Figure 8).

b. Background—An ideal regulator maintains the desired fuel system pressure regardless of changes in

fuel flow rate through the regulator, all other conditions remaining constant. However, with most
production regulators the fuel system pressure varies from the desired pressure as a function of fuel
flow rate through the regulator. This variation of pressure with respect to flow rate should be very
close to linear over the operating flow range, and a low value for the slope is generally desired.
It is important when designing/specifying a fuel injection system to know the regulator slope. The fuel
flow rate through the regulator will vary due to a variety of factors which can include engine load, rpm,
battery voltage, and others. Subsequent changes in fuel system pressure, due to flow variation, will
change injector flow, which has to be considered in the fuel injection system design.

c. Objective—To measure the change in regulator pressure with change in fluid flow rate, from lower to
upper flow rate limit, through the regulator and to establish the regulator slope. The lower and upper
flow rate limits are specific to a regulator design and application.

d. Test Apparatus—See 6.2.1,6.2.4, and 6.2.9.

e. Test Conditions—See 5.1 through 5.6.
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FIGURE 8—REGULATOR SLOPE
f. Test Method:

1. From the set point flow rate, with the regulator air side at ambient pressure, reduce the flow rate to 1
to 2 g/s and allow the regulator to stabilize for 15 to 30 s.

2. Gradually increase the flow rate to the specified lower flow rate limit, allow the regulator to stabilize
for 15 to 30 s, and record the regulator inlet pressure. Do not allow the flow rate to exceed this flow
value prior to making the pressure measurement. If it does, restart the procedure.

3. Continue with this same procedure, making regulator pressure measurements at specified flow rates
between the lower and upper flow rate limits.
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