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(57) Abstract: This invention provides an electric fuel pump tester that allows a technician to simulate the real-life operation of the

electrical system of the vehicle, i.e., when the fuel pump is installed. The present invention provides a tester that includes a load that
is similar to that of an installed fuel pump. In this manner, a technician may monitor simulated real-life operation of the vehicle’s
electrical system.
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ELECTRICAL CONNECTOR INTEGRITY TESTER

RELATED APPLICATIONS

[0001] This patent application claims priority to United States Provisional Patent
Application Serial No. 60/891,947, filed February 28, 2007, which is incorporated herein by

reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] NONE

TECHNICAL FIELD

[0003] This invention relates generally to electric fuel pump testers and, more

particularly, to a circuit for testing the electrical operating characteristics of an installed

electric fuel pump.

BACKGROUND OF THE INVENTION

[0004] A common issue encountered when attempting to diagnose a problem with the
operation of a vehicle's electric fuel pump is that the technician is unable to accurately and
completely test the electrical operation of the fuel system. Typically, in order to test the
electric operation a technician will uninstall the fuel pump from the vehicle and test the
voltage at the fuel pump electrical connection on the vehicle wire harness. The standard
operating voltage of an electrical fuel pump is approximately 12 Volts DC. If the technician
checks the voltage at the electrical connection and it measures approximately 12 Volts DC,
the technician will believe that the electrical system of the vehicle is operating properly and,
thus, assume the fuel pump is defective. However, the fuel pump wire harness may measure
at approximately 12 Volts DC in an unloaded state and still be defective. In some cases, a
technician will replace a fuel pump in a vehicle multiple times before realizing that the

electrical system of the vehicle may be the root cause of the problem.
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SUMMARY OF THE INVENTION

[0005] In general terms, this invention provides an electric fuel system tester that
allows a technician to simulate the real-life operation of the electrical system of the vehicle,
1.e., when the fuel pump is installed. With this invention, a technician will be able to diagnose
a defective electrical system, even in the situation where the electrical connection measures an
acceptable voltage level. In one embodiment, an electric fuel pump testing system is
provided. The system comprises a connector for connecting the system to the vehicle's
electrical system, and an apparatus for measuring the voltage or resistance of the vehicle's
wire harness. The system further comprises a load, for example, a light or other resistive
element, that simulates the electric draw of the electric fuel pump on the vehicle's electrical
system when operating properly. Finally, the system includes a display device for indicating
whether the electrical system of the vehicle is operating properly.

[0006] In another embodiment, a method for testing the operation of a fuel system of a
vehicle is described. The method comprises the steps of connecting a test device to the
vehicle's fuel pump electrical connectors, providing a load on the electrical system of the
vehicle, measuring the electric characteristics of the vehicle with the tester connected, and
outputting the electric characteristics.

[0007] These and other features and advantages of this invention will become more
apparent to those skilled in the art from the detailed description of a preferred embodiment.

The drawings that accompany the detailed description are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic of an electric fuel pump tester according to one
embodiment of the present invention; and
[0009] Figure 2 is a flow chart that sets forth a method of testing the operation of an

electric fuel pump according to one embodiment of the present invention.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0010] The present invention provides a system and method for testing the real-life

electrical operating characteristics of a vehicle's fuel pump system. Essentially, prior art
p g pump sy. Y, P
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systems and methods for testing the electrical operation of electric fuel system provide
incomplete information at best, and inaccurate and faulty information at worst. In these prior
art systems and methods, a technician measures the electrical supply to the fuel pump at the
fuel pump wire harness connector when the fuel pump is uninstalled from the vehicle. If the
supply measures approximately 12 Volts DC, the technician assumes that the electrical system
of the vehicle is operating properly. However, there are a number of situations in which a
technician will obtain a normal measurement in an un-installed and unloaded state, but in an
installed state, when the vehicle's electrical system is loaded and the fuel pump is drawing
electrical power, the vehicle will not provide the proper electrical power to the fuel pump.
[0011] In one embodiment of the present invention, an electric fuel pump testing
system is provided. The system comprises a connector for connecting the system to the
vehicle's electrical system. This connector is placed in-line of the vehicle electrical system at
the fuel pump wire harness connector. Basically, the fuel pump is disconnected from the
vehicle and the tester is connected with the same connector. The tester includes any of a
number of electrical testing circuits, for example, an apparatus, for measuring the system's
electrical characteristics. The system further comprises a load for simulating the electrical
draw of the fuel pump on the vehicle's electrical system. In one embodiment, a standard
vehicle headlight is used as the load, however any load that replicates the draw of the fuel
pump may be used, for example, a resistor, a heater, or any other resistive element. The
system also includes a display device for indicating whether the electrical system of the
vehicle is operating properly. In one embodiment, the display device comprises two LED's or
other lights, one red and the other green. If the system's electrical characteristics are within an
acceptable range, the green light will be illuminated and indicate proper operation. If the
system's electrical characteristics are outside of an acceptable range, the red light will be
illuminated and indicate a vehicle electrical system malfunction. In another embodiment, the
electrical characteristics will be output directly to the technician, for example, by an analog
dial or digital read-out. The specific display device utilized in the system is irrelevant so long
as the technician is able to quickly and accurately diagnose the operation of the electrical

system of the vehicle.
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[0012] In another embodiment of the present invention, a method for testing the
operation of a fuel system of a vehicle is described. The method comprises the steps of
connecting a test device to the vehicle's fuel pump electrical connectors. The test device is
configured to simulate the load of a properly operating electric fuel pump. The method also
includes the step of measuring the electric characteristics of the vehicle with the tester
connected. In this manner, the tester is able to measure and monitor a simulated real-life
operating characteristics of the vehicle's electrical system. Finally, the method includes the
step of outputting an indication of the operation of the electrical system of the vehicle.

[0013] Figure 1 is a circuit diagram of an exemplary electrical connection testing
apparatus 10 according to one embodiment of the present invention. The fuel pump is
typically connected to the fuel pump power supply of the fuel system through a wire harness.
In order to test the fuel system operation with the apparatus 10 of the present invention, the
apparatus 10 is connected to the fuel pump power supply of the fuel system through line 150.
This connection is utilized to sample the fuel system electrical characteristics, which, as
illustrated in Figure 1, is voltage. In an alternative embodiment, resistance may be sampled.
The test apparatus 10 includes a microcontroller 100, e.g., a PIC16F819, or other processor
programmed to perform the test method. The microcontroller 100 includes an input reference
voltage ~ Vier — on line 110, which is used in a comparison with the fuel system sampled
voltage. In one embodiment, the electrical connection testing apparatus 10 is connected to the
fuel pump power supply of the fuel system by the same connector that is used to connect to
the fuel pump. In this manner, the electrical connection testing apparatus 10 essentially
replaces the fuel pump from the perspective of the power supply portion of the fuel system.
[0014] In the embodiment illustrated in Figure 1, a number of components are utilized
to connect the fuel system to the microcontroller 100. A connection on line 170 through
capacitor 90 and resistor 95 to the vehicle fuel system allows the microcontroller 100 to
sample the voltage of the fuel system power supply in an unloaded state (Vnjoadea). A voltage
divider network comprising resistors 120 and 130 is utilized and connected to MOSFET 140
to provide a sample of the voltage of the fuel system power supply in a loaded state (Vipaded)
to the microcontroller 100. Control line 180 is utilized to switch MOSFET 140 on and off in

order to provide numerous Vigdeq values to the processor. In this manner, and as more fully
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described below, microcontroller 100 takes a number of voltage samples of the fuel system in
both a loaded and unloaded condition in order to diagnose the operation of the fuel system.
Once completed, the microcontroller outputs a signal to the output device 160. In one
embodiment, the output device 160 comprises a set of two different colored LED's that either
indicates a pass (e.g., turning on a green LED) or a fail (e.g., turning on a red LED).
Notwithstanding this example, the exact configuration of the output device may differ (for
example, a "buzzer" or other audible output device may be used, or the Vmpi. measurements
may be directly indicated, or some combination of different output devices may be utililzed.
[0015] A flow chart setting forth the steps of an exemplary method of testing the
integrity of the power supply portion of an electric fuel system of a vehicle according to one
embodiment of the present invention is illustrated in Figure 2. As described above, the test
apparatus is connected to the power supply of the fuel system in place of the fuel pump and
the vehicle is turned on. At step 200, the test apparatus is turned on. The test apparatus
indicates the on-state at step 210, e.g., by illuminating the two LED's described above. The
test apparatus samples and stores the unloaded voltage (Vunioaded) Of the fuel system at step
220. If the sampled Vunioaded 1s below 5V, or any other voltage threshold set by the tester, at
step 230, the method determines if the elapsed time since the test apparatus has been turned
on is less than two minutes at step 240. If so, the method returns to step 220 described above.
If the elapsed time is greater than two minutes, the method passes on to step 250 to indicate
that the fuel system is not providing adequate power to the fuel pump (for example, the
vehicle ignition is in the off-state) and at step 260 the test apparatus enters a sleep mode or is
shut off. The lack of adequate power that is determined at step 250 may be indicated to the
tester by the flashing of the LED's, a buzzer or similar audible signal, or any other fault
indicator.

[0016] If, at step 230, the unloaded voltage sample (Vnioaded) 1S greater than the
voltage threshold, (5V in the illustrated embodiment), the test apparatus begins the integrity
test method. In the illustrated embodiment, the test method samples Vnjoaged three more times
and then calculates the time average of the samples at step 270. This average Vpjoaqed value is
stored for later use, as described below. At step 280, a load is applied to the tester, e.g., by
turning on the MOSFET 140 as illustrated in the embodiment of Figure 1. Once the
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MOSFET 140 is turned on, the test apparatus samples the loaded voltage of the fuel system
(Vicaded) at step 290. A total of eight Viggeq Samples are taken and averaged during this step.
Once the test apparatus determines that eight Vi,,qe.q Samples have been taken, the MOSFET
140 is turned off at step 300. At step 310, the average of the Vinicaded Samples is compared to
a reference unloaded voltage threshold. If the average of the Vnioaded Samples is less than the
reference unloaded voltage, at step 320 a system failure is indicated, e.g., by turning on the
red LED. The method then proceeds to step 350 and the test apparatus enters a sleep mode or
is automatically turned off. If the average of the Vnicagea Samples is greater than the reference
voltage at step 310, the method proceeds to step 330. During step 330, the average of the
Vioaded Samples is compared to a reference loaded voltage threshold. If the average of the
Vicaded Samples is less than the reference loaded voltage threshold, a system failure is indicated
at step 320 and the test apparatus enters a sleep mode or is automatically turned off at step
350. In the alternative, if the average of the Vigag4eq Samples is greater than the reference
loaded voltage threshold, a system pass is indicated at step 340, e.g., by turning on the green
LED. The method then proceeds to step 350 and the test apparatus is automatically turned
off.

[0017] The system and method illustrated in the Figures discussed above may be
modified and still fall within the scope of the present invention. For example, the electrical
characteristic that is utilized as the basis for the test in the described embodiments is the fuel
system voltage, however other characteristics, e.g., current, could easily substitute for voltage.
Additionally, the described embodiment utilizes the minimum of a certain number of voltage
samples to compare to the reference voltage, but other measures of the electrical
characteristics may be used instead (for example, only one voltage sample may be used or an
average voltage for a certain period of time, a maximum sample, etc.). In another
embodiment, the load of the test apparatus may be made variable such that the test apparatus
may be compatible with a plurality of different fuel systems, or the fuel system may be tested
under different operating conditions. This load variability may be done manually by means
the testing personnel or the test apparatus may include a number of different settings (e.g.,
indicating the type of fuel system to be tested, or idle speed/wide open throttle/etc.) that

automatically adjust the load. In yet another embodiment, the test apparatus may utilize
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wireless communication (RF or similar) to communicate with the test personnel. In this
embodiment, for example, the test apparatus may be composed of two separate components -
the first a load simulation portion and, the second, a output display - that communicate with
one another wirelessly. In this manner, the test personnel may be outside of the immediate
proximity of the fuel system and still be capable of testing its operation.

[0018] The foregoing invention has been described in accordance with the relevant
legal standards, thus the description is exemplary rather than limiting in nature. Variations
and modifications to the disclosed embodiment may become apparent to those skilled in the
art and do come within the scope of the invention. Accordingly, the scope of legal protection

afforded this invention can only be determined by studying the following claims.



WO 2008/106501 PCT/US2008/055105

CLAIMS

We claim:

1. A method for testing the operation of a fuel system that utilizes an
electric fuel pump, comprising:

disconnecting an electric fuel pump from a power supply of a fuel system;

connecting a test apparatus to said power supply of said fuel system;

powering on said fuel system;

providing a test load to said power supply of said fuel system by said test
apparatus, said test load approximating a load of said electric fuel pump during operation;

sampling an electrical characteristic of said power supply of said fuel system;
and

comparing said electrical characteristic to a reference characteristic.

2. The method of claim 1, wherein said electrical characteristic comprises

a voltage of said power supply of said fuel system.

3. The method of claim 1, wherein said electrical characteristic comprises

a minimum voltage of a plurality of sampled voltages.

4. The method of claim 1, further comprising the steps of determining
whether said fuel system is powered on and, if said fuel system is not powered on, providing a

system off indication.

5. The method of claim 4, wherein said electrical characteristic comprises

a voltage of said fuel system.

6. The method of claim 4, wherein said electrical characteristic comprises

a minimum voltage of a plurality of sampled voltages.
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7. The method of claim 1, further comprising the step of providing a
second test load to said fuel system by said test apparatus, said second test load approximating

a second load of said electric fuel pump during operation.

8. The method of claim 7, wherein said electrical characteristic comprises

a voltage of said fuel system.

9. The method of claim 7, wherein said electrical characteristic comprises

a minimum voltage of a plurality of sampled voltages.

10. The method of claim 7, further comprising the steps of determining
whether said fuel system is powered on and, if said fuel system is not powered on, providing a

system off indication.

11. A system for testing the operation of a fuel system that utilizes an
electric fuel pump, comprising:
a connector, said connector configured to mate with a power supply of a fuel
system,
a load portion operably connected to said connector, said load portion being
configured to approximate a test load of an electric fuel pump during operation;
a processor operably connected to said load portion and said connector, said
processor configured to:
sample an electrical characteristic of said power supply of said
fuel system, and
compare said electrical characteristic to a reference
characteristic to determine a test result; and
an output device operably connected to said processor, said output device

configured to output an indication of said test result.
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12. The system of claim 11, wherein said electrical characteristic comprises

a voltage of said power supply of said fuel system.

13. The system of claim 11, wherein said electrical characteristic comprises

a minimum voltage of a plurality of sampled voltages.

14. The system of claim 11, wherein said processor is further configured to
determine whether said fuel system is powered on and said output device is further configured

to, if said fuel system is not powered on, provide a system error indication.

15.  The system of claim 14, wherein said electrical characteristic comprises

a voltage of said power supply of said fuel system.

16.  The system of claim 14, wherein said electrical characteristic comprises

a minimum voltage of a plurality of sampled voltages.

17. The system of claim 11, wherein said load portion is further configured
to provide a second test load, said second test load approximating a second load of said

electric fuel pump during operation.

18. The system of claim 17, wherein said electrical characteristic comprises

a voltage of said power supply of said fuel system.

19. The method of claim 17, wherein said electrical characteristic

comprises a minimum voltage of a plurality of sampled voltages.
20.  The method of claim 17, wherein said processor is further configured to

determine whether said fuel system is powered on and said output device is further configured

to, 1f said fuel system is not powered on, provide a system error indication.

10
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