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After attending this presentation, attendees will gain an understanding of readily-available tools and
procedures used to answer the question of how a complex fuel-control valve can leak past some closed
members but not others.
This presentation will impact the forensic science community by providing training on useful and
inexpensive approaches to examine mechanical valve failures.
This presentation discusses the methods used to understand the failure conditions and
mechanisms. These include bench tests, X-ray studies, and finally, the use of an inspection microscope.
Certain model trucks with dual fuel tanks use a fuel-pressure-controlled valve assembly to select
from which tank to draw and return fuel. Under certain conditions, the fuel will be drawn from the rear tank,
but returned to the front tank, leading to overfilling the front tank and eventually dumping fuel overboard.
There is a low-pressure (approximately 3 PSI) fuel pump in each tank and a high-pressure fuel
pump on the frame rail, plumbed between the engine and the valve assembly.
The valve assembly, officially known as a “dual function reservoir,” consists of a fuel inlet and
return for each of two fuel tanks (front tank and rear tank), supply and return lines to the engine, a small fuel
reservoir with fuel filter, and two over-pressure relief valves.
An O-ring-sealed, double-ended poppet valve is used to connect the engine fuel supply to either of
the two fuel tanks. A second similar valve connects the engine fuel return to the appropriate tank return.
These two valves are mechanically connected to force both to be actuated in the same direction at the same
time, insuring fuel is drawn from, and returned to, the same tank.
During normal operation, the driver selects a tank from which to draw fuel with a switch on the
vehicle’s dash. This switch supplies power to the low-pressure fuel pump located in the desired tank (as
well as connecting the correct fuel sender to the vehicle’s fuel gauge). The in-tank fuel pump pressurizes
the fuel line to the valve and causes a diaphragm attached to the valve linkage to move the valves to one
end of travel, thus connecting one tank to the supply and return lines, and shutting off the connections to the
other tank. When the driver selects the other fuel tank, the pressure on one side of the diaphragm is
released, and the pressure on the other side increases, thus moving the valves to the opposite ends of their
travel, and changing the tank connections.
In practice, sometimes the sealing of the return line to the front tank is incomplete, thus allowing
fuel to return to the front tank when the rear tank is selected. If the front tank is nearly full, fuel can leak from
the front tank and drip on the ground and vehicle frame.
There is a manufacturer-supplied bench test procedure to verify that the valve assembly is
functioning correctly. A number of new and used valves were tested, and the failing valves were labeled for
further study.
The valve assembly is able to be non-destructively disassembled, and when a failing valve is
disassembled, sometimes there is no obvious defect — the O-rings appear undamaged and are in the
correct location, and the other valve parts all appear to function properly. A method was needed to
determine, in these cases, where the valve leak was occurring.
Using an industrial X-ray machine, it was determined that while the O-ring positions in the failing
valves were different than normal valves, sealing should still occur.
Since valve sealing did not occur, examination under an inspection microscope was carried out,
and it was determined that a combination of mechanical issues was preventing the O-rings from properly
contacting the valve seat, thereby, allowing leakage.
Using these non-destructive testing methods, the failure mechanism of the failing valve assemblies
was isolated, duplicated, and proven.
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