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1
FUEL SYSTEM WITH
ELECTRICALLY-CONTROLLABLE
MECHANICAL PRESSURE REGULATOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application No. 61/222,216, entitled “Fuel System
with Electrically-Controllable Mechanical Pressure Regula-
tor,” filed Jul. 1, 2009, the disclosure of which is hereby
incorporated by reference in its entirety and for all purposes.

BACKGROUND AND SUMMARY

Many internal combustion engines utilize Gasoline Direct
Injection (GDI) to increase the power efficiency and range
over which the fuel can be delivered to the cylinder. One
potential issue with GDI is that under lower fuel pressures the
fuel may not sufficiently mix with the air in the cylinder.
Insufficient mixing may decrease engine power and effi-
ciency, and increase emissions, at least under some condi-
tions. For example, during cold engine starts, and before the
catalytic converter is activated, insufficient mixing as a result
of lower fuel pressure may exacerbate cold start emissions.

In one example, a fuel delivery system includes a lower
pressure fuel pump and a high pressure fuel pump in combi-
nation to achieve a higher fuel pressure. However, at startup
the two-pump system may require a longer duration to pump
fuel at the higher fuel pressure, which may result in engine
miss-starts. Further, the slow response time of the fuel pumps
may allow for pulsations in fuel pressure to cause inaccurate
amounts of fuel to be injected for combustion. Moreover, the
consistently higher fuel pressure may cause increased wear
on components of the fuel delivery system.

One approach to provide variable fuel pressure during
vehicle operation may include utilizing a method for operat-
ing an engine direct injection fuel system including a
mechanical fuel pressure regulator that has a spring actuat-
able by an electric motor. The method includes adjusting a
preload of the spring by operating the electric motor to adjust
a set-point fuel pressure from a first set-point fuel pressure to
a second set-point fuel pressure in response to an operating
condition, and maintaining the preload of the spring mechani-
cally when the electric motor is not operating.

By implementing a mechanical fuel pressure regulator
having a spring preload that may be mechanically maintained
and adjusted via operation of an electric motor, fuel pressure
pulsations may be compensated for quickly and a set-point
fuel pressure may be adjusted dynamically during various
operating conditions. In this way, fuel pressure may be regu-
lated consistently, which in turn may improve fuel injection
accuracy. Moreover, the electric motor of the fuel pressure
regulator may be operated to adjust the spring preload and
then the adjusted spring preload may be maintained mechani-
cally. By only operating the electric motor to make spring
preload adjustments energy consumption may be reduced and
durability may be improved.

Another approach to provide temporarily increased fuel
pressure for engine starting may be a method for operating a
fuel system of a vehicle utilizing gasoline direct injection for
an internal combustion engine, the fuel system including at
least one fuel pump, a fuel pressure regulator fluidly coupled
to the at the least one fuel pump, the mechanical fuel pressure
regulator having a spring actuatable by an electric motor, the
method comprising: increasing a preload of the spring of the
mechanical fuel pressure regulator by operating the electric
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motor to set a first set-point fuel pressure in response to an
engine shutdown condition; activating the at least one fuel
pump to increase a fuel pressure to the first set-point fuel
pressure in response to an engine start condition following the
engine shutdown condition; and decreasing the preload of the
spring of the mechanical fuel pressure regulator by operating
the electric motor to adjust the first set-point fuel pressure to
a second set-point fuel pressure that is lower than the first
set-point fuel pressure in response to exceeding a threshold
after engine start.

By increasing the spring preload and maintaining it in
preparation for the next engine start, the set-point fuel pres-
sure may already be established and activation of the low
pressure pump tlow may be dedicated to replenishing the high
pressure pump immediately instead of waiting for set-point
fuel pressure adjustment at startup (e.g., key-on) for quicker
fueling and engine starting. This approach may provide faster
closed loop fuel pressure control during startup and during
low engine fuel consumption conditions. Moreover, by uti-
lizing a preload of a spring in the fuel pressure regulator to
adjust fuel pressure, the fuel pressure set-point may be
decreased after startup to reduce wear on fuel delivery system
components. In this way, the operational lifetime of the fuel
delivery system may be increased. The above described
approaches may provide high control accuracy to dynami-
cally adjust the set-point fuel pressure whether it be to
dampen pressure pulsations during vehicle operation or to
enable quicker and more robust engine starts.

It should be understood that the summary above is pro-
vided to introduce in simplified form a selection of concepts
that are further described in the detailed description. It is not
meant to identify key or essential features of the claimed
subject matter, the scope of which is defined uniquely by the
claims that follow the detailed description. Furthermore, the
claimed subject matter is not limited to implementations that
solve any disadvantages noted above or in any part of this
disclosure.

BRIEF DESCRIPTION

FIG. 1 shows a schematic diagram of an example fuel
delivery system;

FIG. 2 shows a sectional view of an example fuel pressure
regulator having an electric motor to adjust a spring preload to
vary a fuel pressure set-point of the fuel pressure regulator;

FIG. 3 shows a partial sectional view of an interface
between the electric motor and fuel pressure regulator of F1G.
2;

FIG. 4 shows a flow diagram of an example embodiment of
a method for operating the fuel delivery system to vary a
set-point fuel pressure during vehicle operation; and

FIG. 5 shows a flow diagram of an example embodiment of
amethod for operating the fuel delivery system to temporarily
provide increased fuel pressure at engine startup.

DETAILED DESCRIPTION

The present disclosure is related to a fuel system for a
vehicle having an electrically controllable mechanical fuel
pressure regulator, as well as methods for controlling the
electrically controllable mechanical fuel pressure regulator to
make fuel injection more accurate and robust. The approaches
may provide fast closed loop fuel pressure regulation with the
use of a mechanical pressure regulator. Further, commanding
the fuel pressure to a designated set-point may be performed
in a simple manner by positioning a spring preload of the
mechanical fuel pressure regulator. Further still, such an






