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BI-FUEL INJECTOR RELAY DIAGNOSTIC

FIELD
[0001] The present disclosure relates to diagnostic tools for combustion
engines, more particularly, a diagnostic tool for testing functionality of an electrical relay

that controls power to a set of fuel injectors.

BACKGROUND

[0002] A bi-fuel internal combustion engine is capable of running on two or
more different types of fuel. Modern bi-fuel engines utilize different fuel injectors for
each type of fuel. For example, a bi-fuel engine may include a fuel system that utilizes
separate liquid and gaseous fuel injectors for each cylinder of the engine. The use of
multiple fuel types may provide performance benefits over a variety of different
operating conditions. However, improper operation of the electrical relays for the
injectors may negatively affect vehicle performance. For example, if the contacts of an
electrical relay become stuck closed, the engine may receive double fueling. The
inventors herein have recognized that further improvement of on board diagnosis
utilizing the relays is desirable.

SUMMARY

[0003] In one form, the present disclosure provides a system for diagnosing

operation of an injector relay. The system includes a first fuel injector, a first electrical

relay disposed between an electrical potential and the first fuel injector, wherein the first
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electrical relay is configured to connect the first fuel injector to the electrical potential
upon receipt of a first control signal, and a control module configured to transmit the first
control signal to the first electrical relay, receive an output from the first fuel injector, and
determine a state of the first electrical relay by comparing the output from the first fuel
injector to a predetermined parameter.

[0004] In another form, the present disclosure provides a method for
diagnosing operation of an injector relay. The method includes the steps of transmitting
a control signal to a first electrical relay disposed between an electrical potential and a
first fuel injector, receiving an output from the first fuel injector, and determining a state
of the first electrical relay by comparing the output from the first fuel injector to a
predetermined parameter.

[0005] The present disclosure provides a number of benefits over the prior art
by reducing the cost and complexity of the circuitry needed for a bi-fuel injection system.
First, the system and method disclosed herein remove the need for injector relays to
have dedicated diagnostic outputs. Second, because injector relays no longer need
dedicated diagnostic outputs, the amount of wiring needed for the fuel injection control
system is reduced. Finally, instead of needing a separate fuel injection control system
for each for each set of fuel injectors, the present disclosure allows a single fuel
injection control system to control multiple types of fuel injectors.

[0006] Further areas of applicability of the present disclosure will become
apparent from the detailed description, drawings and claims provided hereinafter. It
should be understood that the detailed description, including disclosed embodiments

and drawings, are merely exemplary in nature intended for purposes of illustration only
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and are not intended to limit the scope of the invention, its application or use. Thus,
variations that do not depart from the gist of the invention are intended to be within the

scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1 is a block diagram of a system for diagnosing operation of an
injector relay in accordance with the disclosed principles;

[0008] Figure 2 is a flow chart showing a method for diagnosing whether the
contacts of an injector relay have become stuck open in accordance with the disclosed
principles; and

[0009] Figure 3 is a flow chart showing a method for diagnosing whether the
contacts of an injector relay have become stuck closed in accordance with the disclosed

principles.

DETAILED DESCRIPTION

[0010] Figure 1 is a block diagram showing an exemplary embodiment of a bi-
fuel injector relay diagnostic system configured for an engine with eight cylinders in
accordance with the disclosed principles. The exemplary relay diagnostic system
includes of a powertrain control module (“PCM”) 101, a compressed natural gas relay
102, a gasoline relay 103, eight compressed natural gas injectors 104, and eight
gasoline injectors 105. Each cylinder of the engine preferably has both a compressed
natural gas injector 104 and a gasoline injector 105. The PCM 101 receives power from

the vehicles power source, such as a battery 106. The PCM 101 controls operation of
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the compressed natural gas relay 102, the gasoline relay 103, the compressed natural
gas injectors 104, and the gasoline injectors 105. Disclosed herein is a system and
method for diagnosing proper operation of an electrical relay that controls power to a
fuel injector. It is desirable to have a system and method for performing this diagnosis
that does not increase cost or complexity of the fuel injector relay circuitry.

[0011] Although the exemplary embodiment depicted in Figure 1 is configured
for an engine with eight cylinders, it should be appreciated that a bi-fuel injector relay
diagnostic system in accordance with the disclosed principles can be configured to
operate with an engine having any number of cylinders. The number of both
compressed natural gas injectors 104 and gasoline injectors 105 per cylinder may vary
depending upon engine size. Further, the number of compressed natural gas injectors
104 and the number of gasoline injectors 105 may not be equal. It should be
appreciated that a bi-fuel injector relay diagnostic system in accordance with the
disclosed principles can be configured to operate with any number of compressed
natural gas injectors 104 and any number of gasoline injectors 105. The number of
injector relays in a bi-fuel injector relay diagnostic system may also vary with engine
size. It should be further appreciated that a bi-fuel injector relay diagnostic system in
accordance with the disclosed principles can be configured to operate with any number
of injector relays.

[0012] The compressed natural gas relay 102 is electrically connected
between the PCM 101 and the compressed natural gas injectors 104. Likewise, the
gasoline relay 103 is electrically connected between the PCM 101 and the gasoline

injectors 105. The PCM 101 is configured to supply power to the injector relays from
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the vehicle’s power source 106. When compressed natural gas injection is desired, the
PCM 101 sends a control signal to the compressed natural gas relay 102. Upon receipt
of the control signal, the compressed natural gas relay 102 connects the compressed
natural gas injectors 104 to the power source. Conversely, if gasoline injection is
desired, the PCM 101 sends a control signal to the gasoline relay 103. Upon receipt of
the control signal, the gasoline relay 103 connects the gasoline injectors 105 to the
power source.

[0013] The PCM 101 also controls operation of the compressed natural gas
injectors 104 and the gasoline injectors 105. Both the compressed natural gas injectors
105 and the gasoline injectors are electrically connected to the PCM 101. When
compressed natural gas injection is desired, the PCM 101 signals the compressed
natural gas relay 102 to connect the compressed natural gas injectors 104 to the power
source as described above. The PCM 101 then sends a pulse signal to the
compressed natural gas injectors 104 when injection is desired. Likewise, when
gasoline injection is desired, the PCM 101 signals the gasoline relay 103 to connect the
gasoline injectors 105 to the power source as described above. The PCM 101 then
sends a pulse signal to the gasoline injectors 105 when injection is desired.

[0014] In the exemplary embodiment, both the compressed natural gas
injectors 104 and the gasoline injectors 105 have dedicated output signal lines that
provide a feedback signal to the PCM 101, while the compressed natural gas relay 102
and the gasoline relay 103 do not. Thus, to diagnose operation of the compressed
natural gas relay 102 and the gasoline relay 103, the PCM 101 sends a pulse signal to

either the compressed natural gas injectors 104 or the gasoline injectors 105 and infers
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a state of operation of the corresponding injector relay based on the state of the
feedback signal. This method will be described in more detail below with reference to
Fig. 2.

[0015] Preferably, injector diagnostics are performed when an injector relay
102, 103 does not have an injector pulse demand from the PCM 101. During this time,
the PCM 101 can perform stuck-open and stuck-closed tests. In order to perform stuck-
open and stuck-closed tests, the PCM 101 sends a pulse signal to an injector and
determines whether that injector’s relay is operating properly based upon an expected
output from the injector. Typically, the test comprises energizing injector coils long
enough to ensure that the coil field is energized, but short enough that the injector pintle
never leaves the seat. This brief energizing of the injector coil can be accomplished, for
example, by sending a 70 volt signal to the injector for less than 800 microseconds.
When energy to the coil is stopped, the field collapses and the energy wants to return to
the source, or “fly back.” The PCM 101 monitors the injector for this “fly back” signal
when performing an injector relay diagnostic. In order to perform the stuck-closed test,
the PCM 101 sends a pulse signal to an injector and expects to receive no output from
the injector because the injector is not supposed to be connected to the power source.
If an output is received from the injector, it means a fault has been detected. A stuck-
open test is used when a relay is powered on, and tests whether one or more contacts
in the relay fail to occur. To perform a stuck-open test, the PCM 101 sends a pulse
signal to an injector and expects to receive an output. If no output is detected via the

output signal line, a fault has been detected.
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[0016] For example, the PCM 101 would perform a stuck open test on the
gasoline relay 103 where only gasoline injection is required. Because gasoline injection
is desired, the gasoline relay 103 should have connected the gasoline injector 105 to
the power source. To perform the stuck-open test, the PCM 101 sends a pulse signal to
the gasoline injectors 105, and expects to receive a corresponding output via the output
signal line. If the PCM 101 does not receive a corresponding output from the gasoline
injectors 105, then the PCM 101 infers that the gasoline relay 103 has not connected
the gasoline injectors 105 to the power source. In the same scenario, the PCM 101
may also perform a stuck-closed test on the compressed natural gas relay 102.
Because compressed natural gas injection is not desired, the compressed natural gas
relay 102 should have disconnected the compressed natural gas injectors 104 from the
power source. In order to perform the stuck-closed test on the compressed natural gas
relay 102, the PCM 101 sends a pulse signal to the compressed natural gas injectors
104, and expects to receive no corresponding output via the output signal line. If the
PCM 101 receives an output from the compressed natural gas injectors 104, then the
compressed natural gas relay 102 has improperly connected the compressed natural
gas injectors 104 to the power source.

[0017] Fig. 2 is a flow chart showing a method for diagnosing whether the
contacts of an injector relay have become stuck open in accordance with the disclosed
principles. The diagnostic begins at step 210 when the PCM 101 receives a command
to perform the stuck-open test. After receiving the command to perform the test, the
PCM 101 sends a pulse signal to the injector (step 220). The PCM 101 will then wait for

a predetermined period of time (step 230) for receipt of an output signal (step 240). In
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the exemplary embodiment, the predetermined period of time is 5ms. The PCM 101
then expects to receive an output signal from the injector when performing the stuck-
open test. If the PCM 101 receives an output from the injector, the injector relay has
passed the test and no action is needed (step 250). If the PCM 101 does not receive an
output from the injector, the injector relay has failed the test. Consequently, the PCM
101 must then communicate that the injector relay is in a stuck-open (step 260).

[0018] Fig. 3 is a flow chart showing a method for diagnosing whether the
contacts of an injector relay have become stuck closed in accordance with disclosed
principles. The diagnostic begins at step 310 when the PCM 101 receives a command
to perform the stuck-closed test. As described above, the stuck-closed test is preferably
performed when the injector relay is not in use. After receiving the command to perform
the stuck-closed test, the PCM 101 sends a pulse signal to the injector (step 320). The
PCM 101 will then wait for a predetermined period of time (step 330) for receipt of an
output signal (step 340). In the exemplary embodiment, the predetermined period of
time may be 5 milliseconds. The PCM 101 expects to receive no output signal from the
injector when performing the stuck-open test. If the PCM 101 does not receive an
output from the injector, the injector relay has passed the test and no further action is
needed (step 350). If the PCM 101 does receive an output from the injector, the injector
relay has failed the test. Consequently, the PCM 101 must then communicate that the
injector relay is stuck open (step 360) and not functioning.

[0019] With the above, an effective test of the injector relay can be conducted.
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CLAIMS

What is claimed is:
1. An injector relay diagnostic system comprising:

a first fuel injector;

a first electrical relay disposed between an electrical potential and the first fuel
injector,
wherein the first electrical relay is configured to connect the first fuel injector to the
electrical potential upon receipt of a first control signal; and

a control module configured to transmit the first control signal to the first electrical
relay, receive an output from the first fuel injector, and determine a state of the first
electrical relay by comparing the output from the first fuel injector to a first

predetermined parameter.

2. The system of Claim 1, further comprising a second fuel injector; and
a second electrical relay disposed between the electrical potential and the
second fuel injector, wherein the second electrical relay is configured to connect the

second fuel injector to the electrical potential upon receipt of a second control signal.

3. The system of Claim 2, wherein the control module is configured to transmit the
second control signal to the second electrical relay, receive an output from the second
fuel injector, and determine a state of the second electrical relay by comparing the

output from the second fuel injector to a second predetermined parameter.
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4. The system of Claim 3, wherein the first fuel injector is a gasoline injector.

5. The system of Claim 3, wherein the second fuel injector is a compressed natural gas

injector.

6. The system of Claim 3, wherein the first fuel injector is a gasoline injector and the

second fuel injector is a compressed natural gas injector.

7. The system of Claim 1, wherein the control module is configured to transmit a signal

representative of the state of the first electrical relay.

8. The system of Claim 3, wherein the control module is configured to transmit a signal

representative of the state of the first electrical relay.

9. The system of Claim 3, wherein the control module is configured to transmit a signal

representative of the state of the second electrical relay.

10. A method for testing an injector relay, the method comprising:

transmitting a control signal to a first electrical relay disposed between an
electrical potential and a first fuel injector;

receiving an output from the first fuel injector; and

determining a state of the first electrical relay by comparing the output from the

first fuel injector to a first predetermined parameter.

10
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11. The method of Claim 10, further comprising transmitting a signal representative of

the state of the first electrical relay.

12. The method of Claim 10, further comprising transmitting a second control signal to
a second electrical relay disposed between the electrical potential and a second fuel
injector;

receiving an output from the second fuel injector; and

determining a state of the second electrical relay by comparing the output from

the second fuel injector to a second predetermined parameter.

13. The method of Claim 12, further comprising transmitting a signal representative of

the state of the first electrical relay.

14. The method of Claim 12, further comprising transmitting a signal representative of

the state of the second electrical relay.

11
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