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A fuel vapor management valve or VMV having an electrically operated vent valve for controlling atmospheric bleed flow to a
vacuum signal pressure chamber. The pressure In the signal pressure chamber controls the differential pressure acting on
opposite sides of a diaphragm which moves a valve member for regulating fuel vapor purge flow from a canister to the engine
Intake manifold. Vacuum is applied to the signal pressure chamber through restrictive passages in a connector which prevent
sonic flow choking. In one embodiment two orifices are spaced fluidically in series. In another embodiment fluidically parallel
laminar flow passages are provided In an element comprising a porous filter preferably formed of fiborous material or sintered
metal. In another embodiment, the laminar flow element is disposed fluidically in series with a flow restricting orifice.
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ABSTRACT OF THE DISCLOSURE

A fuel vapor management valve or VMV having an electrically operated vent valve for
controlling atmospheric bleed flow to a vacuum signal pressure chamber. The pressure in the
signal pressure chamber controls the differential pressure acting on opposite sides of a diaphragm
which moves a valve member for regulating fuel vapor purge flow from a canister to the engine
intake manifold. Vacuum is applied to the signal pressure chamber through restrictive passages
In a connector which prevent sonic flow choking. In one embodiment two orifices are spaced
fluidically in series. In another embodiment fluidically parallel laminar flow passages are
provided 1n an element comprising a porous filter preferably formed of fibrous material or
sintered metal. In another embodiment, the laminar flow element is disposed fluidically in series

with a flow restricting orifice.
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TITLE OF INVENTION
Method of Controlling Fuel Vapor Canister Purge Flow And Vapor Management Valve Therefor

BACKGROUND OF THE INVENTION

The present invention relates to devices of the type known as vapor management valves
(VMYV) which are employed for controlling purge flow of fuel tank vapor from a storage canister
to the intake manifold of an internal combustion engine. Such devices are employed in light
motor vehicles where evaporation of tank fuel 1s prevented in the engine off condition by
collection of the fuel vapors 1n a storage canister, typically of the type containing adsorbent

granular charcoal.

Known VMYVs provide an electrically operated bleed valve (EVR) for bleeding
atmospheric air to a signal pressure chamber supplied with intake manifold vacuum for providing
a vacuum control signal to one side of a pressure responsive diaphragm. The diaphragm operates
a regulator valve member for controlling vapor flow between an inlet connected to the vapor
storage canister and an outlet connected to the engine intake manifold. The diaphragm is
preloaded by a spring to bias the diaphragm valve member closed preventing vapor flow to the
engine manifold until a predetermined pressure differential 1s experienced by the diaphragm. An
example of such a known VMYV is that shown and described in U.S. Patent 5,277,167.

Referring to FIG. 1, the known valve assembly indicated generally at 1 has an EVR indicated
generally at 2 which controls atmospheric vent flow through a filter 5 and coil passage 3 to an
outlet passage 4 which supplies air flow through an inlet passage 6 of a vacuum pressure signal

chamber 8 which is supplied with engine manifold vacuum through a connector 10 and a single

bleed orifice 12.

The pressure in chamber 8 1s applied to one side of a pressure responsive diaphragm 14
which moves a regulator valve member 16 with respect to a valve seat 17 for controlling flow

between vacuum connector 18 connected to the engine intake manifold and a fuel vapor purge

inlet connector 20 connected to a fuel vapor canister 22 which 1s connected to a fuel tank 24.
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Diaphragm 14 is preloaded by a spring 26 to prevent opening of the valve 19 until a
predetermined pressure differential exists across the diaphragm 14 in a manner well known in the

art.

In the aforesaid known type of VMYV, it has been found that the vacuum flow rate out of
the vacuum pressure signal chamber increases with increasing engine manifold vacuum. At high
engine manifold vacuum levels (reduced manifold absolute pressure), when a critical pressure
ratio has been reached across the flow restricting orifice provided in the vacuum signal port,
sonic flow choking or limiting occurs in the port thereby preventing further increases in flow
with increasing engine manifold vacuum. For proper purge flow, it has been desired to provide a
VMV having the properties that the atmospheric bleed flow increases with increasing vacuum
(decreasing manifold absolute pressure) throughout the range of manifold pressures experienced
during engine operation without the occurrence of sonic flow choking.

Where that engine throttle 1s closed suddenly or rapidly 1.e., a condition referred to as "tip-out",
the sudden large increase in manifold vacuum (decrease in manifold absolute pressure) causes
sonic flow choking to occur at the vacuum restricting orifice; and, vacuum bleed flow no longer
tracks engine manifold vacuum levels. Thus, it has long been desired to find a way or means of
neutralizing the effects of "tip-out" on VMV control of fuel vapor flow to the engine intake

manifold.

BRIEF SUMMARY OF THE INVENTION

The present invention provides an electrically operated fuel vapor management valve for an
internal combustion engine which provides vacuum bleed flow through the control signal
pressure chamber that increases with increases in engine manifold vacuum (decrease in manifold
absolute pressure) throughout the range of manifold vacuum encountered during engine

operation and prevents the occurrence of sonic flow choking in the bleed flow restricting orifice.
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The present invention provides a VMV having an electrically operated bleed valve or EVR
controlling atmospheric vent flow to a vacuum signal pressure chamber which controls the
pressure on one side of a diaphragm for operating a purge flow regulator valve. The vacuum
signal to the vacuum signal pressure chamber 1s supplied vacuum through a plurality of flow
restricting passages in the connector and which restrict flow but prevent the occurrence of sonic
flow choking. In one embodiment, a pair of restricting orifices are disposed in spaced
relationship fluidically in series in the vacuum signal port connection; and, in another
embodiment a laminar flow element comprising plurality of laminar flow passages are provided
fluidically in parallel in the vacuum signal port to the control pressure chamber for the
diaphragm. Porous sintered metal or fibrous material may be employed for the latter parallel
passages. In a further embodiment a single restrictive orifice 1s disposed fluidically in series with

a laminar flow element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-section of a prior art vapor management valve as connected to an engine
intake manifold and fuel vapor canister;

FIG. 2 1s an enlarged view of a portion of FIG. 1 1llustrating one embodiment of the
modification of FIG. 1 in the present invention;

FIG. 3 1s a view similar to FIG. 2 illustrating another embodiment of the present invention;

FIG. 4 is a graph plotting EVR bleed flow versus engine manifold vacuum for the prior art
and the present invention;

FIG. 5 1s a graph showing VMYV fuel vapor flow plotted as a function of manifold vacuum
for the prior art and the present invention at different levels of duty cycle for the EVR electrical
signal; and,

FIG. 6 1s a graph plotting VMYV fuel vapor flow as a function of engine manifold vacuum
of the present invention employing the laminar flow element for EVR bleed flow of FIG. 3 for
two levels of EVR signal duty cycle.

FIG. 7 is a view similar to FIG. 3 1llustrating another embodiment of the invention;

FIG. 8 1s a graph plotting EVR bleed flow as a function of engine manifold vacuum for a

3-




CA 02282076 1999-09-10

family of orifices for the embodiment of FIG. 2;

FIG. 9 1s a graph plotting fuel vapor flow through the VMYV regulator as a function of
manifold vacuum;

FIG. 10 1s a graph plotting EVR bleed flow as a function of engine manifold vacuum for a
family of orifices and filter lengths for the embodiment of fig 7; and,

FIG. 11 1s a graph plotting VMYV ftuel vapor flow as a function of engine manifold vacuum

for a family of orifices and filter lengths for the embodiment of FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 2, the present invention 1s 1llustrated at 100 as comprising a VMYV similar
to FIG. 1 but having an inlet fitting illustrated at 116 and which has a modification to the prior
art wherein the wall 108 of the vacuum signal pressure chamber 1s ported at 112 with a
restricting orifice; and, the inlet passage in connector 116 has a second orifice 120 formed in the
connector passage 119 and which 1s spaced from the orifice 112 and fluidically in series
therewith. The orifice 120 may be formed in a suitable washer or insert 122 pressed into the
passage 119. Preferably the downstream orifice 122 are sized to maintain the same pressure ratio
thereacross as the upstream orifice 112.. In the present practice of the invention, orifice 112 has
a diameter of about .025 inches (0.63mm) and downstream orifice of about .036 inches (.91 mm)

for the flow characteristics of FIG. 6.

It will be understood that for fuel vapor flow characteristics other than as shown FIG. 6,
orifices 112, 120 are sized differently to give the desired vacuum bleed flow; however, the two
orifices function to prevent the occurrence of sonic flow choking.

Referring to FIG. 4, the EVR bleed flow through the atmospheric vent 1s shown plotted for the
range of intake manifold vacuum encountered during engine operation, with the upper curve
plotted for the prior art valve of FIG. 1 and the lower curve showing the flow as a function of

intake manifold vacuum for the dual onifices of FIG. 2 for the present invention.
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Referring to FIG. 5, the vapor purge flow for the VMYV is plotted as a function of engine
intake manifold vacuum for the prior art valve of FIG. 1 and the flow for present invention as
illustrated in FIG. 2. The upper set of flow curves in FIG. 5 was obtained with a 43.5% EVR
electrical signal duty cycle for the prior art and a 42.5% EVR electrical signal duty cycle for the
valve of the present invention. The lower set of curves in FIG. 5 was obtained for a 37% EVR
electrical signal duty cycle for the two orifice arrangement of FIG. 2; and, a 38% EVR electrical
signal duty cycle was utilized for the prior art valve of FIG. 1.

Referring to FIG. 6, the vapor purge flow of the VMYV of the present invention as
embodied in FIG. 3 is plotted as a function of engine intake manifold vacuum for two different
percentage EVR electrical signal duty cycles namely 35.5% and 42% and 1llustrates the
substantially constant vapor flow achieved at higher levels of engine intake manifold vacuum

(lower manifold absolute pressure) achieved by the present invention.

Referring to FIG. 3, an alternative arrangement of the invention is illustrated generally at
200 in which the vacuum inlet fitting 216 has the flow passage 219 thereof filled with fluidically
parallel laminar flow passages formed in a laminar flow element comprising a porous filter
denoted by reference numeral 220 which may comprise fibrous material or alternatively porous
sintered metal, or other suitable material. Filter 220 provides communication with the vacuum
pressure signal chamber 208, it being understood that the remaining portions of the VMYV of FIG.
3 are 1dentical to those of the prior art valve of FIG. 1.

Referring to FIG. 7, another embodiment of the invention is 1llustrated and indicated
generally at 300 and has the vacuum signal control pressure chamber 308 communicating via
orifice 312 with a flow passage 319 formed 1n vacuum 1inlet connector 316 which, 1t will be
understood, is adapted for connection to the engine intake manifold by a suitable hose (not
shown) but which connection is indicated by dashed outline and reference numeral 15 in FIG. 1.
Passage 319 has received adjacent the end remote from onfice 312 a laminar flow element 320

which may be of the same material as the flow element 220 in the embodiment of FIG. 3.

5.
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The element 320 in the embodiment of FIG. 7 is thus spaced along the passage 319 from the
orifice 312.

In the present practice of the invention the filter material 220, 320 in the embodiments of
FIG. 3 and FIG. 7 1s high density polyethylene (HDPE) material having a 65 micron pore size,
fifty percent (50%) pore volume. It will be understood that the flow through the elements 220,
320 is substantially laminar due to the small diameter of the pores; and, the pressure drop

through the filter is approximately a linear function of flow and the pressure drop 1s a function of

the filter area and filter length.

The embodiment of FIG. 7 thus combines an orifice and a laminar flow element in series.
This enables the flow to be tailored thereby minimizing the flow change upon a sudden change of
the vacuum applied to the vacuum 1inlet connector.
Referring to FIG. 8, the EVR bleed flow through the dual orifices 112, 122 of the embodiment of
FIG. 2 is plotted as a function of engine intake manifold vacuum. A family of curves are plotted
for different ratios of the diameter of the orifice 122 to the diameter of orifice 112 over the range
of manifold vacuum encountered during engine service. It will be apparent from FIG. 8 that the
curves drawn through the data for the dual orifice configuration of FIG. 2, as compared with
solid line curve the prior art single orifice, show a dramatic change in the EVR bleed flow with

the present invention, particularly in the range of manifold vacuums of greatest concern namely,

200 through 500 millimeters HG manifold vacuum.

Referring to FIG. 9 a family of graphs are plotted for the fuel vapor flow through the VMV
to the intake manifold (through connectors 116, 216, 316) for different values of the ratio of
orifice 122 to orifice 112. It will be seen from FIG. 9 that by appropriate s1zing of the orifices
122, 112 significant improvement and changes in the characteristics of the fuel vapor flow may
be obtained as compared to the solid line curve for the prior art configuration.

Referring to FIG. 10, a graph plotting the EVR bleed flow as a function of engine intake

manifold vacuum is illustrated for the prior art single orifice construction of FIG. 1; and curves

_6-
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are plotted for data taken utilizing the single orifice in combination with laminar flow element
embodiment of FIG. 7. The three curves drawn through the data taken for various orifice
diameters show a dramatic linearization of the EVR bleed flow as compared with the curve for
the prior art single orifice arrangement of FIG. 1, particularly in the range 200 to 500 mm Hg

manifold vacuum.

Referring to FIG. 11, the fuel vapor flow to the intake manifold through connector 316 of
FIG. 7 1s shown for a family of curves drawn through the data plotted for vapor flow as a
function of engine manifold vacuum. It will be seen that the combination orifice and filter
embodiment of FIG. 7 produces dramatic leveling of the fuel vapor flow over the engine
manifold vacuum range of 200 through 500 millimeters HG as compared with the prior art

construction of FIG. 1.

The present invention thus provides a simple and low cost technique for modifying an
existing vapor management valve to prevent the occurrence sonic flow choking in the vacuum
signal port which would restrict bleed flow therethrough from tracking engine manifold vacuum
level changes. The present invention thus provides substantially constant vapor flow through the
VMYV at high levels of engine manifold vacuum (low manifold absolute pressure) particularly at
"tip-out" because sonic choking of vacuum signal bleed flow to the signal pressure chamber is

prevented.

Although the invention has hereinabove been described with respect to the illustrated
embodiments, it will be understood that the invention 1s capable of modification and variation

and 1s limited only by the following claims.
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CLAIMS

1. Anelectrically operated fuel vapor management valve (VMV) assembly comprising:
() housing structure having therein a pressure responsive member dividing said housing
structure into a control signal pressure chamber and a vapor flow control chamber:
(b) means defining a vacuum signal port in said control signal pressure chamber including
means for restricting bleed flow therethrough and an atmospheric bleed port in said control signal
pressure chamber;
(c) said vapor flow control chamber having a vapor inlet port adapted for connection to a
vapor storage device and a vapor outlet port adapted for connection to an engine inlet manifold;
(d) avalve member associated with said pressure responsive member and moveable therewith
for controlling flow between said vapor inlet port and said vapor outlet port;
(¢) an electrically operated bleed valve (EVR) operable upon electrical energization to control
atmospheric bleed flow through said bleed port; and,
(f)  said means restricting bleed flow includes a plurality of restrictive passages sized and
disposed in spaced arrangement to prevent sonic flow choking through said vacuum signal
source port, wherein said vacuum signal port 1s adapted for connection to an engine inlet

manifold.

2. The assembly defined in claim 1, wherein said plurality of restrictive passages

comprises a pair of spaced orifices disposed fluidically in series.

3. The assembly defined in claim 1, wherein said plurality of restrictive passages

comprises a plurality of laminar flow passages disposed fluidically in parallel.

4.  The assembly defined in claim 1, wherein said plurality of restrictive passages

includes passages formed through a filter formed of fibrous material.
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5. The assembly defined in claim 1, wherein said plurality of restrictive passages

include passages through a porous sintered metal filter.

6.  The assembly defined in claim 1, wherein said plurality of restrictive passages

includes passages formed through fibrous filter material.

7. A method of controlling fuel vapor purge flow from a canister to an engine air inlet
manifold comprising:
(a) forming a control pressure chamber on one side of a pressure responsive member and
applying engine inlet manifold vacuum to said chamber and drawing a vacuum therein;
(b) porting said pressure chamber to the atmosphere and electrically controlling atmospheric
air bleed to said chamber;
(c) disposing a moveable valve member in a valving chamber and connecting said valving
chamber to said canister and to said engine air inlet manifold;
(d) connecting saild moveable member to said pressure responsive member and moving said
valve member and controlling vapor flow in said valving chamber to said engine air inlet; and,
(¢) said drawing a vacuum including drawing vacuum through a plurality of restricting
passages 1n said vacuum port and restricting air flow therein and preventing sonic flow limiting

therethrough.

8.  The method defined 1n claim 7, wherein said step of drawing a vacuum includes

disposing a first and second orifice fluidically in series.

9. The method defined i1n claim 7, wherein said step of drawing a vacuum includes

disposing a fibrous filter material 1n said vacuum port.

10. The method defined in claim 7, wherein said step of drawing a vacuum includes

disposing a plurality of laminar flow passages fluidically in parallel.
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1. The method defined in claim 7, wherein said step of drawing a vacuum includes

disposing a laminar flow element fluidically in series with a restricting orifice.

-10-
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