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1
LOCKABLE PRESSURE RELIEFK FUEL CAP

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates to fuel caps for closing filler
necks of vehicle fuel tanks, and particularly to locking fuel
caps. More particularly, the present invention relates to
locking fuel caps that enable fuel vapor to vent from the tank
upon movement of a lock to an unlocked position prior to
rotation of the fuel cap in a removing direction.

Conventional fuel caps for closing the filler neck of
vehicle fuel tanks generally include a pressure-vacuum vent
valve located 1n the cap to control the pressure within the
fuel tank. Whenever the pressure within the tank reaches a
predetermined superatmospheric level, the pressure valve
portion of the pressure-vacuum vent valve automatically
opens to prevent excess pressure build-up. Whenever the
pressure within the tank drops to a predetermined subatmo-
spheric level, the vacuum valve portion of the pressure-
vacuum vent valve opens to equalize the pressure in the
tank. The pressure-vacuum vent valve, 1n a conventional
fuel cap, must be adjusted so that the potential for some
vapor pressure to remain in the fuel tank exists at all times.

Generally, the pressure maintained within the fuel tank 1s 1n
the range of 1-2 PSI.

The retention of some level of fuel vapor 1n the tank 1s
desired for several reasons and normally does not create any
problems. However, under certain conditions, pressure from
fuel vapor can result 1n fuel and fuel vapors escaping from
the filler neck during removal of the fuel cap. Arapid escape,
or surge, of the fuel and fuel vapor from the filler neck after
the cap removal can result 1n emission of fuel vapor 1n the
region surrounding the filler neck.

With larger fuel tanks now being utilized 1n many
vehicles, and particularly with the use of newer, more
volatile fuels having higher than normal Reid vapor pressure
may be generated 1n these fuel tanks, particularly 1n warm or
hot weather or after the vehicle has been running for awhile.
Therefore, 1t would be advantageous to provide a fuel cap
that allows fuel vapor to be vented from the fuel tank some
time during the cap removal operation, but before the cap 1s
actually removed from the filler neck.

Threaded caps that engage threads in the filler neck of
vehicles are now widely used because of their ease of
installation and removal and because of the excellent sealing
characteristics. Most conventional threaded fuel caps
include a primary seal that 1s adapted to engage a scaling lip
on the filler neck when the cap 1s rotated fully in the
cap-installing direction. Because unseating of the primary
scal can result 1n a surge of fuel and fuel vapor from the filler
neck 1n warm or hot weather, or after the vehicle has been
running for awhile, 1t would be advantageous to provide a
fuel cap that enables fuel vapor to be vented from the tank
in a controlled manner before the seal between the primary
seal and the filler neck 1s broken.

Locking gas caps are, ol course, very old in the art.
Current conventional locking gas caps typically include a
threaded closure member and an outer shell with key-lock
means for selectively providing a driving connection
between the outer shell and the closure member. In such
devices, until the key 1s actuated, the outer shell will stmply
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rotate on the closure member and not disengage the closure
member from the filler neck.

Conventional locking fuel caps also incorporate a torque-
override feature. See, for example, U.S. Pat. No. 4,342,208
to Evans. The torque-override feature prevents the closure
member of the cap from being twisted too tightly on the filler
neck, thereby damaging the threads or the gasket which
provides a seal between the filler neck and the closure
member. The torque-override feature also prevents installing
the cap so tightly as to make it difficult to remove from the

filler neck.

In conventional locking fuel caps, the key/lock combina-
tion controls the driving connection between the outer shell
and the closure member, but has no effect on the venting
capabilities of the fuel cap. If the fuel cap 1s to be vented, 1t
must be vented by other means such as breaking the primary
scal by partially removing the closure member from the filler
neck. Alocking fuel cap that enables fuel vapor to be vented
from the tank in a controlled manner by merely rotating a
key to an unlocked position without breaking the primary
scal would provide a substantial improvement over conven-
tional locking gas caps.

According to the present imnvention, a lockable fuel cap
comprises closure means for rotatably engaging the filler
neck and shell means for providing a hand grip for rotating
the fuel cap relative to the filler neck between a removed
position and an installed position. Lock means 1s coupled to
the shell means for selectively locking and unlocking the
fuel cap and 1s movable between a locked position and an
unlocked position. The lockable fuel cap also includes vent
means for equalizing fuel vapor pressure between the filler
neck and the atmosphere through the closure means and
means for actuating the vent means 1n response to movement
of the lock means from the locked position to the unlocked
position.

In preferred embodiments, the lock means mcludes a lock
cylinder housing for connecting a conventional lock cylinder
to the shell means. A plunger and a removal hub cooperate
with the lock means to provide a driving connection between
the shell means and the closure means for removing the fuel
cap. The plunger 1s coupled to the lock cylinder housing for
axial movement relative thereto. The plunger 1s configured
to include drive means for engaging the removal hub which
1s rotationally locked to the closure means. Rotation of a key
turns the lock cylinder to an unlocked position, causing
throw members on the lock cylinder to engage ramp surfaces
formed on the plunger to drive the plunger 1into engagement
with the removal hub. At the same time, fingers formed on
the plunger disengage from the lock cylinder housing and
position themselves to maintain the plunger 1in engagement
with the removal hub, even if the key 1s moved to the locked
position. Thus, when the key 1s turned to the unlocked
position, a driving connection 1s established between the
shell means and the closure means which 1s maintamed
when the key 1s returned to the locked position.

A torque-override mechanism 1s illustratively included 1n
the lockable fuel cap and includes a race and a drive hub.
The drive hub 1s rotationally locked to the shell means and
includes a plurality of drive members. Each drive member
has a pawl tooth positioned to engage a radially-inwardly
projecting lug formed on the race. The pawl teeth are
coniigured with drive faces to engage the radially-inwardly
facing lugs during movement of the fuel cap in the cap-
installing direction. The pawl teeth further include ramped
surfaces which cooperate with flexible arms of the drive
members to ratchet past the radially-inwardly facing lugs
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when the fuel cap 1s moved 1n the cap-removing direction.
Thus, the drive hub and race cooperate to provide a driving
connection between the shell means and the closure only
when the cap 1s moved 1n the cap-installing direction.

Additional objects, features, and advantages of the mven-
tion will become apparent to those skilled in the art upon
consideration of the following detailed description of a
preferred embodiment exemplifying the best mode of car-
rying out the mvention as presently perceived.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description particularly refers to the accom-
panying figures 1n which:

FIG. 1 1s an exploded, partial sectional view of an
improved locking fuel cap in accordance with the present

invention 1corporating a pressure-reliel function actuatable
by movement of a lock to an unlocked position;

FIG. 2 1s a sectional view taken along line 2—2 of FIG.
3 showing the fuel cap engaged with the filler neck of a tuel
tank and the lock moved to its locked position;

FIG. 3 1s a plan view of the fuel cap showing the keyway

in the locked position corresponding to the sectional view of
FIG. 2;

FIG. 4 1s a sectional view taken along line 4—4 of FIG.
5 following movement of the lock to its unlocked position to
actuate the pressure-vacuum vent valve and vent pressurized
fuel vapor from the filler neck through the fuel cap;

FIG. 5 1s a plan view of the fuel cap showing the keyway
in the unlocked position corresponding to the view of FIG.
4;

FIG. 6 1s a partially broken away, enlarged view showing

the relationship between the plunger, removal hub, and lock
cylinder housing;

FIG. 7 1s a partially broken away bottom view showing
the interaction between the drive hub, the race, and the
closure;

FIG. 8 1s an exploded perspective view of the lock
cylinder cover assembly.

DETAILED DESCRIPTION OF THE DRAWINGS

A lockable pressure-release fuel cap 10 for closing a
threaded filler neck 12 of a vehicle or other fuel system 1s
illustrated in FIGS. 1-5. An actuation system within the fuel
cap 10 enables fuel vapor pressure 1 the filler neck 12 to be
vented 1n response to rotation of a key 1n a conventional lock

cylinder prior to removal of the fuel cap 10 from the filler
neck 12.

Referring to FIG. 1, fuel cap 10 includes a shell 14, a drive
hub 16, a lock cylinder 18, a lock cylinder housing 20, a
plunger 22, a race 24, a removal hub 26, a pressure-vacuum
vent valve assembly 28, an externally threaded closure 30,
and a retainer 32.

In an assembled fuel cap 10, as seen 1n FIGS. 2 and 4, the
pressure-vacuum vent valve assembly 28 1s positioned in the
closure 30 and the removal hub 26 1s located 1n the closure
30 above the valve assembly 28 for rotational movement
with the closure 30. The drive hub 16 1s positioned on, and
rotates about, the removal hub 26. The race 24 sits on a
flange 38 formed on the closure 30, and 1s ultimately situated
between the shell 14 and the flange 38.

The lock cylinder 18 1s inserted for rotation mnside the lock
cylinder housing 20 which, in turn, 1s attached to the shell
14. The plunger 22 1s coupled to the lock cylinder housing
20 for axial movement relative thereto. The shell 14, with
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the lock cylinder 18, lock cylinder housing 20 and plunger
22, 1s positioned over the closure 30 to enclose the flange 38
and race 24. The sides of the shell 14 extend past the flange
38 to engage the retainer 32 to hold the assembly together as

shown best in FIG. 2.

[llustratively, the retainer 32 1s a steel ring that functions
to retain shell 14 on closure 30 and to reinforce and
strengthen the plastic shell 14 against deformation during
attack. By using a sturdy steel retainer ring 32, a person

secking to remove the fuel cap 10 without actuating lock
cylinder 18 will be thwarted because that person will be
unable to squeeze or deform the plastic shell 14 easily 1n an
cffort to cause the shell 14 to disengage from the cap
assembly. The retainer 32 1s positioned to lie inside the shell
14, outside and around closure 30, and under race 24 as

shown 1n FIG. 2.

As shown, for example, in FIGS. 1 and 2, retainer 32
includes an annular inner rim 252 lying in a somewhat
horizontal plane and in spaced-apart relation to the circum-
ferential skirt 50, which skirt 50 is tangent to a somewhat
vertical plane. Retainer 32 further includes an annular
connector 254 coupled to annular inner vim 252 and cir-
cumferential skirt 50 and positioned to lie therebetween as
shown, for example, in FIGS. 1 and 2. Annular inner vrim 252
includes an annular inner edge 2560 arranged to define an
opening recetving closure 30 therein, as shown, for example,
in FIGS. 1 and 2. Circumjerential skirt 50 includes an
annular outer surface 258 and an annular lower edge 260
as shown, for example, in FIGS. 1 and 2. Connector 254
includes an axially upwardly facing convex curved upper
surface 202 underlying flange 38 of closure 30 and an
axtally downwardly facing concave curved lower surface
2064 defining an annular channel 266 as shown, for example,
in FIGS. 1 and 2. Once installed as shown, for example, in
FIG. 2, retainer 32 lies above gasket 31 and below the
radially outwardly extending flange 38 that projects from the
upper end of closure 30 so as to cause curved upper surface
202 to engage an underside of flange 38 and annular outer
surface 258 to engage an inner wall of shell 14. Closure 30
also includes a gasket flange 208 positioned to lie between
gasket 31 and flange 38 and engage an axially upwardly
facing portion of gasket 31 as shown, for example, in FIG.
2. Moreover, a portion of retainer 32, e.g., annular inner rim
252 and connector 254, is positioned to lie above gasket
flange 268 as shown, for example, in FIGS. 2 and 4. A
portion of the circumferential skirt 50 is positioned to lie in
a retainer-receiving space 270 defined between gasket

flange 2068 and wall 46 of shell 14 as shown, for example, in
FIGS. 2 and 4.

The various components of the fuel cap 10 cooperate to
establish and disable separate driving connections for cap
removal and installation and actuate the pressure-vacuum
vent valve assembly 28 to equalize the pressure between the
fuel tank (not shown) and the atmosphere. Advantageously,
the actuation of the pressure-vacuum vent valve assembly 28
occurs simultaneously with the establishment of the cap-
removing driving connection and does not require rotation
of the tuel cap 10 1n the cap-removing direction.

Generally, two separate driving connections permit instal-
lation and removal of the fuel cap 10 from the filler neck 12.
In a first, cap-removing driving connection, the shell 14 1s
coupled to the lock cylinder housing 20. The lock cylinder
housing 20 1s coupled to the plunger 22 so that the plunger
22 moves axially relative to the shell 14 and the lock
cylinder housing 20. The removal hub 26 1s coupled to the
closure 30 for rotational movement with the closure 30. In
a fashion to be described later, movement of a key 116 (FIG.
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4) to move the lock cylinder 18 to an unlocked position
moves the plunger 22 into engagement with the removal hub
26 to establish the cap-removing driving connection and
simultaneously actuates the pressure-vacuum vent valve
assembly 28 to equalize pressure between the tank (not
shown) and the atmosphere.

The plunger 22 and removal hub 26 also cooperate to
form a mechanism for disengaging the plunger 22 from the
removal hub 26 and disabling the cap-installing driving
connection 1n response to movement of the plunger 22 1n a
cap-removing direction relative to the removal hub 26. Thus,
the cap-removing driving connection 1s uni-directional and
plays no role in rotating the closure 30 in the cap-installing
direction.

In a second, cap-installing driving connection, the drive
hub 16 i1s coupled to the shell 14, and the race 24 1is
positioned to engage the closure 30. Rotation of the shell 14
in the cap-installing direction rotates the drive hub 16, which
engages the race 24. The race 24 engages the closure 30,
thereby establishing a cap-installing driving connection
between the shell 14 and the closure 30.

Rotation of the shell 14 in the cap-mnstalling direction
rotates the closure 30 until the closure 30 properly seals the
filler neck 12 (FIGS. 2 and 4). Continued movement of the
shell 14 1n the cap-installing direction after the closure 30
scals the filler neck 12 actuates a torque-override feature to
prevent the closure 30 from being twisted too tightly on the
filler neck 12 and simultaneously provides the relative
movement between the plunger 22 and the removal hub 26
necessary to disengage the plunger 22 from the removal hub
26. Thus, movement of the shell 14 relative to the closure 30
simultaneously actuates the torque-override feature and dis-
ables the cap-removing driving connection.

As will be described later, the mechanism used on the
drive hub 16 for engaging the race 24 1s designed to allow
for automatically disabling the cap-installing driving con-
nection 1n response to movement of the shell 14 in a
cap-removing direction. Thus, both the cap-installing and
cap-removing driving connections are uni-directional.

A preferred closure and pressure-vacuum vent valve
assembly are described 1n U.S. Pat. No. 4,676,390 to Harris,
the disclosure of which 1s incorporated herein by reference.
The closure 30 includes an externally threaded shank portion
34 having a plurality of circumierentially spaced internal
ribs 36 for engaging the removal hub 26 and a pressure-
vacuum valve housing 29 for accepting the pressure-vacuum
vent valve assembly 28. A gasket 31 provides a seal between
the closure 30 and the filler neck 12, as shown 1n FIGS. 2 and
4. A radially-outwardly extending flange 38 projects from
the upper end of the closure 30.

Shell 14 includes a top surface 40 configured to provide
a raised operating handle 42, and a side wall 44 depending
from the peripheral edge of top surface 40. Shell 14 1is
hollow and defines a space for rotatably receiving the race
24. The interior surface 46 of the side wall 44 includes a

plurality of teeth 48 for engaging a circumierential skirt 50
formed on the retainer 32.

The operating handle 42 provides a hand grip for a person
to grip and rotate the fuel cap 10 manually and includes a
center aperture 52 for exposing the keyway 19 of the lock
cylinder 18. The operating handle 42 1s hollow and includes
a pair of side walls 54 extending along the length of the
operating handle 42 and a cylindrical interior wall 56
extending downwardly below the top surface 40.

The uni-directional driving connections use different
components of the fuel cap 10 to couple the shell 14 to the
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closure 30 for mstalling or removing the fuel cap 10. The
cap-installing driving connection between the shell 14 and
the closure 30 utilizes the operating handle 42 to rotate the
drive hub 16 which engages the race 24 to drive the closure
30 1n the cap-installing direction.

As best seen 1n FIGS. 1 and 7, the drive hub 16 1ncludes
an annular ring 58 and a pair of driven portions 60 extending,
upwardly therefrom. The driven portions 60 are sized and
coniigured to fit between the side walls 54 of the operating
handle 42 and be driven thereby. The inner diameter of the
annular ring 58 1s substantially equal to the outer diameter
of the removal hub 26, the 1s configured to rotate about the
removal hub 26 without interference. Thus, the drive hub 16
1s Iree to rotate with the shell 14 without establishing a
driving connection between the shell 14 and the removal hub

26.

As shown 1n FIG. 7, a pair of flexible arms 62 depend
from the radially-outward surface of the annular ring 58 and
extend generally parallel thereto. The flexible arms 62
include engaging end portions 64 having a flat drive surface
66 and a camming surface 68 formed at an acute angle to the
drive surface 66. The engaging end portions 64 are config-
ured to engage the race 24.

A preferred race 1s fully described in the Harris *390
patent. The race 24, shown m FIG. 7, includes a plurality of
driven lugs 70 having an abrupt drive surface 72 and a cam
surface 74 formed at an acute angle to the drive surface 72.
Driven lugs 70 are positioned to engage or cam on the
engaging end portions 64 of the flexible arms 62, depending
on the direction of rotation of the shell 14. For example,
when the shell 14 1s rotated 1n the cap-installing direction,
the drive surfaces 66 of the flexible arms 62 engage the drive
surfaces 72 of the driven lugs 70 to drive the race 24 1n the
cap-installing direction. On the other hand, when the shell
14 1s rotated in the cap-removing direction, the flexible arms
62 bend to allow the camming surfaces 68 of the drive hub
16 to ramp against the cam surfaces 74 of the driven lugs 70.
The camming action between the camming surfaces 68 and
cam surfaces 74 disables the cap-installing driving connec-
tion when the shell 14 1s rotated in the cap-removing
direction. Thus, the components used 1n the cap-installing
driving connection cannot be used to remove the fuel cap 10
from the filler neck 12, necessitating the establishment of a
separate cap-removing driving connection.

The interaction between the race 24 and the closure 30 1s
also fully described 1n the Harris *390 patent and shown 1n
FIG. 7. Generally, the race 24 includes a set of peripherally
spaced-apart downwardly-facing triangular engaging mem-
bers 76 which are positioned to engage the closure 30. The
triangular engaging members 76 include a downwardly
extending abrupt surface 78 and a camming surface 80
formed at an acute angle to the abrupt surface 78.

The flange 38 formed on the closure 30 includes a
plurality of circumferentially spaced, generally rectangular
apertures 82. A flexible arm 84 extends into each aperture 82
from a clockwise-most edge of the aperture 82 (as viewed in
FIG. 7). The flexible arm 84 includes an upwardly extending
engaging end portion 86 for engaging the triangular engag-
ing members 76 formed on the race 24. The engaging end
portions 86 include an upwardly extending abrupt surface 88
and a camming surface 90 formed at an acute angle to the
abrupt surface 88.

As the race 24 1s urged 1n the cap-installing direction by
the engagement of the drive hub 16 and the lugs 70, the
camming surfaces 80 of the triangular engaging members 76
engage the camming surfaces 90 of the engaging end
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portions 86, driving the closure 30 i1n the cap-installing
direction. The resiliency of the flexible arms 84 sustains the
driving engagement between the triangular engaging mem-
bers 76 and the engaging end portions 86 until the gasket 31
properly seats against the lip 92 of the filler neck 12. When

the gasket 31 1s properly seated, the closure 30 stops rotating
relative to the filler neck 12.

Once the closure 30 stops rotating relative to the filler
neck 12, continued rotation of the shell 14 relative to the
closure 30 actuates the torque-override feature. As the shell
14 continues to rotate relative to the closure 30, the trian-
oular engaging members 76 apply an ever increasing down-
ward force against the flexible arm 84. The flexible arms 84
bend 1n response to the increased force, causing the cam-
ming surfaces 90 to ramp downwardly on the camming
surfaces 80, thereby allowing the triangular engaging mem-
bers 76 to move past the engaging end portions 86. Thus, the
shell 14 can conftinue to rotate 1n a cap-installing direction
while the closure 30 remains stationary, advantageously

preventing the fuel cap 10 from being installed too tightly on
the filler neck 12.

Different components are used to establish the cap-
removing driving connection between the shell 14 and the
closure 30. The cap-removing driving connection uses the
operating handle 42 to rotate the lock cylinder housing 20
and the lock cylinder 18 mounted therein. The lock cylinder
housing 20, 1n turn, rotates the plunger 22. The lock cylinder
18, when turned by a key, as shown 1n FIG. 4 and to be
described later, urges the plunger 22 into engagement with
the removal hub 26 to drive the removal hub 26 in the
cap-removing direction. The removal hub 26 1s coupled to
the closure 30, thereby completing the cap-removing driving
connection between the shell 14 and the closure 30.

Lock cylinder 18 1s a conventional lock having a keyway
19 (FIGS. 3 and 5), a plurality of plate segments 94, a
retaining plate 96, and a pair of throw members 98. An
enlarged diameter portion 100 1s formed at the top of the
lock cylinder 18, defining a shoulder 102 for positioning the
lock cylinder 18 in the lock cylinder housing 20.

Lock cylinder housing 20 includes an annular collar 104
defining a cylindrical bore 106 therein for receiving the lock
cylinder 18. A pair of downwardly and radially outwardly-
projecting shoulders 108 extend from the bottom edge of the
annular collar 104. A pair of engagement tabs 110 extends
upwardly from the annular collar 104, with the tabs 110
being circumferentially offset from the shoulders 108 by
90°. Apawl 112 1s formed on each engagement tab 110. The
pawls 112 are positioned to engage recesses 120 that are
formed 1n the cylindrical interior wall 56 of the operating

handle 42.

An axially extending channel 114 formed 1n the annular
collar 104 for receiving lock plate segments 94 1s aligned
with one of the tabs 110. When the lock plate segments 94
are positioned 1n the channel 114 and the shoulder 102 abuts
the top of the annular collar 104, the retaining plate 96
overlaps the bottom edge of the annular collar 104. Thus the
shoulder 102 and the retaining plate 96 cooperate to hold the
lock cylinder 18 1n the lock cylinder housing 20, as shown
in FIGS. 2 and 4. Insertion of a key 116 (FIG. 4) into the
keyway 19 withdraws the lock plate segments 94 1nto the
lock cylinder 18 in a conventional fashion to allow the lock
cylinder 18 to rotate inside the lock cylinder housing 20.

The cylindrical interior wall 56 defines a cylindrical
chamber 118 having an 1nside diameter substantially equal
to the outside diameter of the annular collar 104 and an

outside diameter equal to the separation between the side
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walls 54 of the operating handle 42. A pair of radially
outwardly-projecting rails 122 extend axially along the
radially-outward surface of the cylindrical interior wall 56
for engaging the plunger 22. The cylindrical interior wall 56
1s formed to mnclude diametrally opposed, axially extending
recesses 120 for receiving the pawls 112. When the pawls
112 engage the recesses 120, the lock cylinder housing 20 1s

rigidly attached to the shell 14.

The plunger 22 mncludes a cup-shaped central hub portion
124, a two-part collar 126 having a pair of arcuate portions
128 displaced radially outwardly from, and extending
upwardly from, the central hub portion 124. A neck 130
extends downwardly from the central hub portion 124 for
engaging the pressure-vacuum vent valve assembly 28.

A pair of parallel, spaced-apart rails 132 extend upwardly
from the central hub portion 124 and have a wall 133
disposed therebetween. The rails 132 are positioned to {it
between and abut the rails 122 formed on the cylindrical
interior wall 56 of the operating handle 42. Thus the rails
132 of the plunger 22 engage the rails 122 so that the plunger
22 rotates with the operating handle 42 and the lock cylinder
housing 20. Because the rails 122 and 132 overlap 1n the
axial direction, the plunger 22 can move axially relative to
the operating handle 42 and lock cylinder housing 20 while
remaining rotationally locked thereto.

A pair of diametrally opposed fingers 134 extend
upwardly from the central hub portion 124. Each finger 134
includes an engaging end portion 136 for engaging one of
the shoulder 108 formed on the lock cylinder housing 20 and
a resilient middle portion 138. When the fingers 134 are
engaged with the shoulders 108, the shoulders 108 and the
lower portion of the annular collar 104 are positioned 1n the
plunger 22 between the fingers 134, as shown 1n FIG. 2.

As best seen 1n FIG. 6, a pair of diametrally opposed drive
teeth 148 are formed to extend downwardly from the arcuate

portions 128 of the central hub portion 124 to engage the
removal hub 16. A drive surface 150 of each tooth 148

extends downwardly from an arcuate portion 128 and a
disengaging surface 142 intersects the drive surface 150 at
an acute angle.

Returning to FIG. 1, the plunger 22 further includes a pair
of arcuate, helical ramp surfaces 140 extending upwardly
from the bottom 142 of the central hub portion 124 to
terminate at a flat surface 144 adjacent a stop 146. The stop
146 extends upwardly beyond the flat surface 144 to form a
mechanical stop.

The removal hub 26 includes a bottom wall 154 having a
central aperture 156 and a cylindrical side wall 158 extend-
ing upwardly from the bottom wall 154. A pair of inverted
U-shaped ridges 160 extend radially outwardly from the
outer surface 184 of the cylindrical side wall 158. The ridges
160 are sized to fit between, and engage, the internal ribs 36
formed in the shank portion 34 of the closure 30 to rota-
tionally lock the removal hub 26 to the closure 30.

A plurality of drive teeth 162 project upwardly from the
bottom wall 154 adjacent the 1nner surface of the cylindrical
side wall 158. The drive teeth 162 include a vertical drive
surfacc 164 and a disengaging surface 166 intersecting
the,drive surface 164 at an acute angle. The drive teeth 162
are substantially identical to drive teeth 148 formed on the
plunger 22, but inverted and positioned to engage the drive
teeth 148. The drive surfaces 150, 164 and the disengaging
surfaces 152, 166 of teeth 148, 162, respectively, are aligned
in parallel relation to each other. Inserting a key 116 1nto the
lock cylinder 18 retracts the lock plate segments 94 1nto the
lock cylinder 18 to allow the lock cylinder 18 to rotate
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within the lock cylinder housing 20. Rotating the lock
cylinder 18 inside the lock cylinder housing 20 causes the
throw members 98 to rotate relative to the plunger 22. The
throw members 98 cam on the helical ramp surfaces 140
until they abut the stop 146. As the throw members 98 cam
on the ramp surfaces 140, the plunger 22 moves downwardly
and the resilient middle portions 138 of the fingers 134 flex
radially outwardly. As the fingers 134 flex, the engaging end
portions 136 move around the shoulders 108, as best seen 1n
FIG. 6. The fingers 134 are thus disengaged from the

shoulders 108. At the same time, the shoulders 108 and
annular collar 104 are positioned upwardly from the plunger
22, as shown 1n FIG. 4. Thus, the rotation of a key 116 to an
unlocked position moves the plunger 22 downwardly, while
the fingers 134 cooperate with the shoulders 108 to retain the
plunger 22 1n the downward position.

When the plunger, 22 1s pushed downwardly by the
camming action of the throw members 98 against the ramp

surfaces 140, the drive teeth 148 are pushed 1nto engagement
with the drive teeth 162. The drive surfaces 150, 164 are
oriented to engage each other 1n the cap-removing direction.

Thus, the plunger 22 engages the removal hub 26 for
rotation of the closure 30 1n the cap-removing direction, and
the cap-removing driving connection 1s thereby established.

By way of comparison, the disengaging surfaces 152, 166
engage ecach other during rotation of the plunger 22 1 the
cap-installing direction relative to the removal hub 26. If the
key 116 has been returned to the locked position to disen-
cgage the throw members 98 from the ramp surfaces 140,
such relative movement between the plunger 22 and the
removal hub 26 causes the disengaging surfaces 152, 166 to

ramp against each other. The ramping action moves the
plunger 22 upwardly relative to the removal hub 26 and out
of engagement with the removal hub 26, thereby disabling
the cap-removing driving connection.

The pressure-vacuum vent value assembly 28 1s actuated
at the same time that the cap-removing driving connection 1s
established. An annular skirt 168 depends from the bottom
wall 154 and extends downwardly therefrom to form a neck
passage 170 for receiving the neck 130 formed on the
plunger 22. The skirt 168 serves to maintain the axial
orientation of the neck 130 while permitting the neck 130 to
extend through the bottom wall 154 of the removal hub 26
to engage the pressure-vacuum vent valve assembly 28.
When the plunger 22 1s pushed downwardly to establish a
driving connection between the shell 14 and the closure 30,
the neck 130 of the plunger 22 simultaneously engages the
pressure-vacuum vent valve assembly 28, as shown 1n FIG.
4, to vent fuel pressure to atmosphere without the need to
actually move the fuel cap 10 1n the cap-removing direction.

As previously described, the uni-directional cap-
removing driving connection can be disabled by rotating the
plunger 22 relative to the removal hub 26. As the plunger 22
rotates relative to the removal hub 26, the parallel disen-
cgaoing surfaces 152, 166 formed on the drive teeth 148, 162
ramp against each other, pushing the plunger 22 upwardly.
During the upward movement of the plunger 22, the fingers
134 are pushed against the shoulders 108, bending the
resilient middle portions 138. The fingers 134 move around
and engage the shoulders 108 to hold the plunger 22 1 the
position shown 1n FIG. 2. Thus, the disengaging surfaces
152, 166 ramp against each other to disable the cap-
removing driving connection and the fingers 134 engage the
shoulders 108 to maintain the plunger 22 1n the disabled
position. The upward movement of the plunger 22 also
deactivates the pressure-vacuum vent valve assembly 28.

The fuel cap 10 can be assembled by positioning the
pressure-vacuum vent valve assembly 28 1n the pressure-
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vacuum valve housing 29 in the closure 30. The removal hub
26 1s positioned 1n the closure 30 above the pressure-vacuum
vent valve assembly 28, with the inverted U-shaped ridges
160 positioned between the internal ribs 36.

The lock cylinder 18 1s positioned in the lock cylinder
housing 20, which, 1n turn, 1s positioned 1n the cylindrical
interior wall 56 of the operating handle 42 so that the pawls
112 engage the recesses 120 to lock the lock cylinder
housing 20 1n position. The plunger 22 1s coupled to the lock
cylinder housing 20 so that the plunger rails 132 engage the
rails 122 formed on the cylindrical interior wall 56 and the
fingers 134 engage the shoulders 108 to hold the plunger 22

in position axially relative to the lock cylinder housing 20.
To complete assembly of the fuel cap 10, the retainer 32
1s positioned adjacent the bottom surface of the flange 38,

the race 1s positioned on the top surface of the flange 38, and
the drive hub 16 1s positioned to rest on the inverted
U-shaped ridges 160 of the removal hub 26. The shell 14 1s
lowered over the closure 30 so that the side walls 54 of the
operating handle 42 engage the driven portions 60 of the
drive hub 16 and the side walls 44 extend downwardly to
enclose the flange 38 and the retainer 32. The teeth 48
formed on the side walls 44 engage the retamner 32 to hold
the assembled fuel cap 10 together.

The locked configuration of a lockable pressure relief fuel
cap 10 1s shown 1n FIG. 2. The threaded shank portion 34
engages complementary threads formed on the filler neck
12. The O-ring gasket 31 1s positioned between the upper lip
92 of the filler neck and the closure 30 to form a primary seal

between the fuel cap 10 and the filler neck 12. The plate
scgments 94 are extended from the lock cylinder 18 to
engage the channel 114 to prevent rotational movement
between the lock cylinder 18 and the lock cylinder housing
20. The fingers 134 formed on the plunger 22 are engaged
with the shoulders 108 formed on the lock cylinder housing
20, holding the plunger 22 1n position. While the fingers 134
are engaged with the shoulders 108, as shown 1n FIG. 2, the
neck 130 1s axially spaced-apart from the pressure-vacuum
vent valve assembly 28, and the drive teeth 148, 162 arc
axially separated. Thus, the vent valve assembly 28 1s
positioned to maintain a differential pressure between the
tank (not shown) and the atmosphere. At the same time, the
cap-removing driving connection 1s disabled.

The unlocked configuration of a lockable pressure relief
fuel cap 10 1s shown 1n FIG. 4. The separate cap-removing
driving connection 1s established simultaneously with actua-
tion of the pressure-vacuum vent valve assembly 28. A key
116 1s mserted mnto the lock cylinder 18, thereby withdraw-
ing the lock plate segments 94 1nto the lock cylinder 18 and
allowing the lock cylinder 18 to be rotated 90° to the
unlocked position. As the lock cylinder 18 rotates, the throw
members 98 cam against the arcuate, helical ramp surfaces
140 formed 1n the plunger 22, thereby pushing the plunger
22 downwardly. As the plunger 22 moves downwardly, the
fingers 134 flex radially outwardly (FIG. 6) to disengage
from the shoulders 108 formed on the lock cylinder housing
20. At the same time, drive teeth 148 formed on the plunger
22 engage the drive teeth 162 formed 1n the removal hub 26
(FIG. 6) and the neck 130 extends axially through the
aperture 156 formed 1n the removal hub 26 to engage the
pressure-vacuum vent valve assembly 28, allowing the fuel
vapor pressure 1n the filler neck 12 to equalize with the
atmosphere. Thus, merely turning the key 116 to the
unlocked position without turning the shell 14 moves the
plunger 22 to establish a unidirectional cap-removing driv-
ing connection between the shell 14 and the closure 30, and
opens the pressure-vacuum vent valve assembly 28 to vent
the tank (not shown).
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Due to the engagement of the rails 132 formed on the
plunger 22 with the rails 122 formed on the handle 42, the
plunger 22 rotates with the shell 14. Rotation of the plunger
22 1n turn rotates the removal hub 26. The mverted U-shaped
ridges 160 engage the mternal ribs 36 to rotationally lock the
removal hub 26 to the closure 30. Thus, the shell 14, plunger
22, removal hub 26, and the internal ribs 36 formed 1n the
closure 30 cooperate to define a driving connection between
the shell 14 and the closure 30 for movement of the fuel cap
10 and the cap-removing direction.

Once the cap-removing driving connection 1s established,
the key 116 can be rotated to the locked position, as shown
in FIGS. 2-3 without disabling the driving connection. As
seen 1n FIG. 4, the fingers 134 assume a driving connection-
maintaining position relative to the shoulders 108. Thus,
even though the throw members 98 are moved out of
engagement with the ramp surfaces 140, the plunger 22

remains in an engaging position relative to the removal hub
26.

To 1nstall the fuel cap 10 1n the filler neck 12, the threaded

shank portion 34 is inserted into the filler neck 12 and
rotated 1n the cap-installing direction until the O-ring gasket
31 seats against the upper lip 92 of the filler neck 12. During,
rotation of the shell 14 1n the cap-installing direction, the
driven lugs 70 of the race 24 engage and receive motion-
inducing torque from the drive surfaces 66 of the drive hub
16, thereby establishing a driving connection between the
shell 14 and the race 24. The camming surfaces 74 of the
friangular engaging members 76 formed on the race 24
engage the camming surfaces 90 of the flexible arms 84
formed on the closure 30, rotating the closure 30 with the
race 24. The race 24 thereby drives the closure 30, estab-
lishing a driving connection between the shell 14 and the
closure 30 for movement in the cap-mstalling direction. The
closure 30 will continue to rotate 1n a cap-installing direction

until the O-ring gasket 31 properly seats against the lip 92
of the filler neck 12.

When a predetermined amount of contact between the
O-ring gasket 31 and the filler neck 12 1s achieved, the
flexible arms 84 bend downwardly to allow the camming
surfaces 74 and 90 to ramp past each other, providing a
torque override feature to prevent the cap 10 from being
installed too tightly. Thus, the closure 30 and removal hub
26 stop rotating relative to the filler neck while the shell 14
and plunger 22 continue to rotate relative to the filler neck

12.

From this position, the shell 14 can be further rotated in
a cap-installing direction. The driven portions 60 of the drive
hub 16 are positioned 1n the operating handle 42 and are
rotated with the shell 14. The engaging end portions 64 of
the drive hub 16 engage the lugs 70 formed on the race 24
to turn the race 24 with the shell 14. When the fuel cap 10
has been tightened on the filler neck to a predetermined
amount, the peripherally extending arms 84 formed in the
flange 38 flex downwardly, allowing the camming surfaces
80 formed on the race 24 to ramp against the camming
surfaces 90 formed on the arms 84. This ramping action
provides a torque override feature to prevent the fuel cap 10
from being installed too tightly on the filler neck 12. In
preferred embodiments, the torque-override feature provides
an audible “click” each time the camming surfaces 80 ramp
on the camming surfaces 90.

It will be appreciated that if the lock cylinder 18 1s kept
in the unlocked position, the cap-removing driving connec-
tion will be maintained and the torque-override feature will
not function. The lock cylinder 18 must be returned to the

10

15

20

25

30

35

40

45

50

55

60

65

12

locked position to permit the shell 14 to be rotated relative
to the closure 30 to disestablish the cap-removing driving
connection. Moreover, the shell 14 must be rotated relative
to the closure 30 far enough to cause the disengaging
surfaces 152, 166 to ramp against each other and urge the
plunger 22 upwardly until the fingers 134 engage the shoul-
ders 108. Generally, three clicks from the torque-override
feature signal adequate relative movement between the
plunger 22 and the removal hub 26 to disable the cap-
removing driving connection.

It will also be appreciated that, with the fuel cap 10
removed from the filler neck 12 and the lock cylinder 18 in
the locked position, the cap-removing driving connection
can be disabled by grasping the shank portion 34 with one
hand while rotating the shell 14 with the other hand until the
disengaging surfaces 152, 166 ramp against each other to
move the plunger 22 out of engagement with the removal
hub 26. In the event that the cap-removing drive connection
1s disabled while the fuel cap 10 1s removed from the filler
neck 12, the fuel cap 10 can nevertheless be mserted to the
filler neck to close the tank (not shown). The cap-installing
driving connection and the torque-override feature are
totally independent of the cap-removing driving connection.
Thus, the fuel cap 10 can still be nstalled on the filler neck

12 to provide a seal between the closure 30 and the filler
neck 12.

An annular recess 172 (FIG. 8) having an outer wall 174

1s formed 1n the top surface 176 of the operating handle 42
adjacent the aperture 52. As shown 1 FIG. 8§, a pair of
triangular stop tabs 178 extend radially inwardly from the
outer wall 174 of the recess 172 to a post-receiving aperture
180 centered 1n the recess 172. A pair of arcuate helical ramp
surfaces 182 extend axially between the bottom 184 of the
recess 172 and the top surface 176 of the operating handle
42, and radially between the post-receiving aperture 180 to
the outer wall 174 of the recess 172. A pair of trapezoidal-
shaped camming lug-receiving detents 188 are positioned
between the triangular stop tabs 178 and the arcuate ramp
surfaces 182.

A lock cover 190 1s rotatably coupled to the operating
handle 42 for rotatable movement between a lock-exposing
position (shown in FIG. 5) and a lock-covering position
(shown 1n FIG. 3). The lock cover 190 includes a generally
diamond-shaped cover plate 191 having a raised circular
center portion 192. A post 194 depends downwardly from
the cover plate 191. A pair of opposed, rectangular camming
lugs 196 extend radially outwardly from the post 194 and
abut the cover plate 191.

The lock cover 190 1s positioned on the operating handle
42 with the lock cover post 194 positioned 1n the post-
receiving aperture 180. When the cover plate 191 1s 1 the
lock cylinder-covering position, shown 1n solid lines iz FIG.
8, the camming lugs 196 are scated adjacent the bottom
surface 184 of the recess 172 and adjacent the triangular stop
tabs 178. When the lock cover post 194 1s inserted into the
post-receiving aperture 180, a compression spring 200 1s
installed on the cover post 194 from inside the operating
handle 42, and a lock washer 202 engages the post 194 to
hold the spring 200 1n position.

Rotation of the cover plate 191 in a [counter clockwise]
counterclockwise direction ramps the camming lugs 196
against the helical ramp surfaces 182, lifting the cover plate
191 against the force of the compressed spring 200. After
approximately 90° of counterclockwise rotation, the cam-
ming lugs 196 center the detents 188. The force from the
compressed spring 200 urges the lugs 196 into the detents
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188 and holds the cover plate 191 1n the lock cylinder
exposing position, as shown in FIG. 5.

To move the cover plate 191 from the lock cylinder-
exposing to the lock cylinder-covering position, the cover
plate 191 1s lifted out of the detents 188 and rotated
clockwise, allowing the camming lugs 196 to move down
the arcuate ramp surfaces 182 as the cover plate 191 moves
clockwise. The compressed spring 200 pulls the camming
lugs 196 along the ramp surfaces 182, rotating the cover
plate 191 1n a clockwise direction to the lock cylinder-
covering position, shown 1 FIG. 3.

Although the mvention has been described in detail with
reference to a certain preferred embodiment, variations and
modifications exist within the scope and spirit of the 1nven-
fion as described and defined in the following claims.

I claim:

1. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

closure means for threadably engaging and closing the
filler neck, the closure means being movable relative to
the filler neck between a removed position and an
installed position,

shell means for providing a hand grip to permit manual
rotation of the closure means about an axis of rotation,

vent means for equalizing fuel vapor pressure between the
filler neck and the atmosphere,

lock means coupled to the shell means and movable from
a locked position to an unlocked position to establish a
cap-removing driving connection between the shell
means and the closure means for movement of the
closure means 1n the cap-removing direction, and

means for actuating the vent means 1n response to move-
ment of the lock means from the locked position to the
unlocked position, the actuating means being supported
for reciprocating movement along the axis of rotation
during movement of the lock means between the locked
position and the unlocked position.

2. The cap of claim 1, wherein the lock means includes a
cam and the actuating means includes a plunger and a cam
follower positioned on the plunger to engage the cam and
move the plunger along the axis of rotation during move-
ment of the lock means to the unlocked position.

3. The cap of claim 2, wherein the lock means includes a
lock mechanism and a throw member coupled to the lock
mechanism and configured to define the cam.

4. The cap of claim 2, wherein the cam follower 1s an
annular ramp positioned to wind around the axis of rotation.

5. The cap of claim 4, wherein the lock means further
includes a lock mechanism formed to include a keyway and
a key-actuated throw member, the key-actuated throw mem-
ber 1s configured to define the cam, and the key-actuated
throw member 1s coupled to the lock mechanism to rotate
relative to the lock mechanism 1n response to turning a key
in the keyway to urge the cam defined by the throw member
against the cam follower to move the plunger as the throw
member rotates relative to the lock mechanism.

6. The cap of claim 1, wherein the actuating means
includes an elongated neck positioned to lie 1n the closure
means and to move along the axis of rotation of the closure
means 1n response to movement of the lock means to the
unlocked position.

7. The cap of claim 6, wherein the vent means includes a
vacuum-relief valve and the elongated neck 1s moved along,
the axis of rotation to engage the vacuum-relief valve 1n
response to movement of the lock means to the unlocked
position.
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8. The cap of claim 1, wherein the closure means 1s
formed to include an interior region and the lock means
includes a lock mechanism and a throw member coupled to
the lock mechanism and positioned to extend into the
interior region of the closure means.

9. The cap of claim 8, wherein the actuating means
includes a plunger having an annular ramp positioned to
wind around the axis of rotation and to engage the throw
member during movement of the lock means to the unlocked
position and a neck positioned to move along the axis of
rotation during movement of the lock means to the unlocked
position and the throw member 1s positioned to cam the
annular ramp to move the neck along the axis of rotation to
engage and actuate the vent means 1n response to movement
of the lock means to the unlocked position.

10. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

closure means for engaging and closing the filler neck, the

closure means being movable relative to the filler neck
between a removed position and an 1nstalled position,

shell means for providing a hand grip to permit manual
rotation of the closure means,

vent means for equalizing fuel vapor pressure between the
filler neck and the atmosphere,

lock means coupled to the shell means and movable from
a locked position to an unlocked position to establish a
cap-removing driving connection between the shell
means and the closure means for movement of the
closure means in the cap-removing direction,

means for actuating the vent means 1n response to move-
ment of the lock means from the locked position to the
unlocked position,

race means for engaging the closure member, and

drive hub means coupled to the shell means for engaging
the race means to provide a cap-installing driving
connection between the shell means and the closure
means for movement of the closure means in a cap-
installing direction, the drive hub means further includ-
ing means for disengaging the cap-installing driving
connection 1n response to movement of the shell means
In a cap-removing direction.

11. A lockable tuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means for engaging and closing the filler neck, the
closure means being movable relative to the filler neck
between a removed position and an 1nstalled position,

shell means for providing a hand grip to permit manual
rotation of the closure means,

vent means for equalizing fuel vapor pressure between the
filler neck and the atmosphere,

lock means coupled to the shell means and movable from
a locked position to an unlocked position to establish a
cap-removing driving connection between the shell
means and the closure means for movement of the
closure means in the cap-removing direction, and

means for actuating the vent means 1n response to move-
ment of the lock means from the locked position to the
unlocked position, the lock means including a cam, the
actuating means including plunger means for actuating,
the vent means, and the plunger means having cam
follower means for urging the plunger means to a vent
means-actuating position in response to movement of
the cam during movement of the lock means to the
unlocked position.
12. The cap of claim 11, further comprising removal hub
means for engaging the closure means, and wherein the
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plunger means further includes means for engaging the
removal hub means to establish the cap-removing driving
connection.

13. The cap of claim 11, further comprising lock cylinder
housing means for coupling the lock means to the shell
means, and wherein the plunger means includes finger
means for engaging the lock cylinder housing means and the
finger means 1s movable from an engaging position to a
driving connection-maintaining position.

14. The cap of claim 13, wherein the finger means 1is
movable from the engaging position to the driving
connection-maintaining position 1n response to movement
of the lock means to the unlocked position.

15. The cap of claim 13, wherein the finger means 1s
movable from the driving connection-maintaining position
to the engaging position 1n response to movement of the
shell means relative to the closure means 1n a cap-installing
direction.

16. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means for threadably engaging and closing the
filler neck, the closure means being movable relative to
the filler neck between a removed position and an
installed position,

shell means for providing a hand grip to permit manual
rotation of the closure means,

lock means coupled to the shell means and movable
between a locked position and an unlocked position for
selectively locking and unlocking the fuel cap,

vent means for equalizing fuel vapor pressure between the

filler neck and the atmosphere, and

coupling means for providing a cap-removing driving

connection between the shell means and the closure
means 1n response to movement of the lock means from
the locked position to the unlocked position for move-
ment of the closure means 1n a cap-removing direction,
the coupling means including plunger means for actu-
ating the vent means 1n response to movement of the
lock means to the unlocked position.

17. The cap of claam 16, wherein the coupling means
further includes removal hub means for engaging the closure
means and the plunger means includes engagement means
for drivingly connecting the plunger means to the removal
hub means 1n response to the movement of the lock means
to the unlocked position.

18. The cap of claam 17, wherein the engagement means
includes a plurality of first drive teeth formed on the plunger
means, the removal hub means includes a plurality of second
drive teeth, and the plunger means and the removal hub
means are positioned to orient the first drive teeth and
complementary relationship with the second drive teeth to
establish the cap-removing driving connection between the
closure means and the shell means.

19. The cap of claim 17, wheremn the plunger means
includes means for disabling the cap-removing driving con-
nection 1n response to movement of the shell means relative
to the closure means 1n a cap-installing direction.

20. The cap of claim 19, wherein the disabling means
includes first ramping surfaces formed on the plunger means
and second ramping surfaces formed on the removal hub
means, and the {first and second ramping surfaces are
complementary to each other and configured to ramp against
cach other 1n response to movement of the shell means
relative to the closure means 1n the cap-installing direction.

21. The cap of claam 16, wherein the coupling means
further includes a removal hub rotationally coupled to the
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closure means, the plunger means actuating the vent means
and engaging the removal hub means to rotationally lock the
shell means to the closure means for rotation of the closure
means 1n a cap-removing direction.

22. The cap of claim 21, wherein the actuating and
engaging occur simultaneously 1n response to movement of
the lock means from the locked position to the unlocked
position.

23. The cap of claim 16, wherein the lock means includes
a cam and the plunger means includes a cam follower
positioned to engage the cam during movement of the lock
means to the unlocked position.

24. The cap of claim 23, wherein the lock means 1ncludes
a lock mechanism and a throw member coupled to the lock
mechanism and configured to define the cam.

25. The cap of claim 23, wherein the cam follower 1s an
annular ramp.

26. The cap of claim 23, wherein the lock means further
includes a lock mechanism formed to include a keyway and
a key-actuated throw member, the key-actuated throw mem-
ber 1s configured to define the cam, and the key-actuated
throw member 1s coupled to the lock mechanism to rotate
relative to the lock mechanism 1n response to turning a key
in the keyway to urge the cam defined by the throw member
against the cam follower to move the plunger means as the
throw member rotates relative to the lock mechanism.

27. The cap of claim 16, wherein the closure means 1s
rotatable about an axis of rotation and the plunger means
includes a neck positioned to move along the axis of rotation
of the closure means 1n response to movement of the lock
means to the unlocked position.

28. The cap of claim 27, wherein the vent means includes
a vacuum-relief valve and the neck 1s moved along the axis
of rotation to engage the vacuum-relief valve 1n response to
movement of the lock means to the unlocked position.

29. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means rotatably engaging and closing the filler
neck, the closure means being movable relative to the
filler neck between a removed position and an installed
position,

shell means for providing a hand grip to permit manual
rotation of the closure means,

lock means coupled to the shell means for selectively
locking and unlocking the tuel cap, the lock means
being movable between a locked position and an
unlocked position,

coupling means for establishing a cap-removing driving
connection between the shell means and the closure
means 1n response to movement of the lock means to
the unlocked position for movement of the closure
means 1n a cap-removing direction, and

uncoupling means for automatically disabling the cap-
removing driving connection in response to movement
of the shell means relative to the closure means in the
cap-installing direction when the lock means 1s 1n the
locked position.

30. The cap of claim 29, further comprising vent means
for equalizing fuel vapor pressure between the filler neck
and the atmosphere through the closure means, and wherein
the coupling means includes means for opening the vent
means 1n response to movement of the lock means to the
unlocked position.

31. The cap of claim 30, wherein the uncoupling means
includes means for moving the opening means from a vent
means-opening position to a vent means-closing position in



Re. 36,959

17

response to movement of the shell means relative to the
closure means 1n the cap-installing direction.

32. The cap of claim 30, wherein the lock means includes
a cam and the opening means includes a cam follower
positioned to engage the cam during movement of the lock
means to the unlocked position.

33. The cap of claim 32, wherein the lock means further
includes a lock mechanism and a throw member coupled to
the lock mechanism and configured to define the cam.

34. The cap of claim 30, wherein the closure means 1s
rotatable about an axis of rotation and the plunger means
includes a neck positioned to move along the axis of rotation
of the closure means 1n response to movement of the lock
means to the unlocked position.

35. The cap of claim 34 wherein the vent means includes
a vacuum-relief valve and the neck 1s moved along the axis
of rotation to engage the vacuum-relief valve 1n response to
movement of the lock means to the unlocked position.

36. The cap of claim 29, wherein the coupling means
includes a plunger having finger means movable between an
engaged position and a driving connection-maintaining
position, the finger means moving to the driving connection-
maintaining position in response to movement of the lock
means to the unlocked position and moving to the engaged
position 1n response to movement of the shell means relative
to the closure means in the cap-installing direction.

J7. The cap of claim 29, wheremn the coupling means
includes a plunger rotationally locked to the shell means and
a removal hub rotationally locked to the closure.

38. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means for engaging and closing the filler neck, the
closure means being movable relative to the filler neck
between a removed position and an installed position,

shell means for providing a hand grip to permit manual
rotation of the closure member,

lock means coupled to the shell means for selectively
locking and unlocking the fuel cap,

removal hub means for engaging the closure member, and

plunger means for engaging the removal hub means; the
lock means, removable hub means, and plunger means
cooperating to establish a cap-removing driving con-
nection between the shell means and the closure means
in response to movement of the lock means to the
unlocked position for movement of the closure means
In a cap-removing direction.

39. The cap of claim 38, wherein the plunger means
includes means for automatically disengaging the cap-
removing driving connection 1n response to movement of
the shell means relative to the closure means 1n a cap-
installing direction.

40. The cap of claim 39, wherein the plunger means 1s
rotationally locked to the shell means and the removal hub
means 15 rotationally locked to the closure means and the
plunger means includes ramp means for engaging the lock
means to drive the plunger means 1nto engagement with the
removal hub means 1n response to movement of the lock
means to the unlocked position.

41. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means for rotatably engaging and closing the filler
neck, the closure means being movable relative to the
filler neck between a removed position and an installed
position,

shell means for providing a hand grip to permit manual
rotation of the closure member,
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lock means coupled to the shell means and movable
between a locked position and an unlocked position for
selectively locking and unlocking the fuel cap,

first means for providing a uni-directional cap-installing,
driving connection between the shell means and the
closure means, the cap-installing driving connection
being bypassed 1n response to movement of the shell
means relative to the closure means in the cap-
removing direction, and

second means for providing a uni-directional cap-
removing driving connection between the shell means
and the closure means 1n response to movement of the
lock means to the unlocked position, the cap-removing
driving connection being disabled by movement of the
shell means relative to the closure means 1n the cap-
installing direction when the lock means 1s i1n the
locked position.

42. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

closure means for rotatably engaging and closing the filler
neck, the closure means being movable relative to the
filler neck between a removed position and an installed
position,

shell means for providing a hand grip to permit manual
rotation of the closure means,

lock means coupled to the shell means and movable
between a locked position and an unlocked position for
selectively locking and unlocking the fuel cap,

vent means for equalizing fuel vapor pressure between the
filler neck and the atmosphere, and

coupling means for providing a cap-removing driving,
connection between the shell means and the closure
means 1n response to movement of the lock means from
the locked position to the unlocked position for move-
ment of the closure means 1n a cap-removing direction,
the coupling means including a plunger means for
actuating the vent means in response to movement of
the lock means to the unlocked position wherein the
coupling means further includes removal hub means for
engaging the closure means and the plunger means
includes engagement means for drivingly connecting
the plunger means to the removal hub means in
response to the movement of the lock means to the
unlocked position.

43. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising
closure means for rotatably engaging and closing the filler
neck, the closure means being movable relative to the
filler neck between a removed position and an installed
position,
shell means for providing a hand grip to permit manual
rotation of the closure means,

lock means coupled to the shell means and movable
between a locked position and an unlocked position for
selectively locking and unlocking the fuel cap,

vent means for equalizing fuel vapor pressure between the
filler neck and the atmosphere, and

coupling means for providing a cap-removing driving
connection between the shell means and the closure
means 1n response to movement of the lock means from
the locked position to the unlocked position for move-
ment of the closure means 1n a cap-removing direction,
the coupling means including a plunger means for
actuating the vent means in response to movement of
the lock means to the unlocked position wherein the
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coupling means further includes removal hub means
rotationally coupled to the closure means, the plunger
means actuating the vent means and engaging the
removal hub means to rotationally lock the shell means
to the closure means for rotation of the closure means
In a cap-removing direction.

44. A fuel cap for closing a filler neck of a fuel tank, the

cap comprising.

a shell

a closure including a shank portion adapited to engage
and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed position, the closure further including
a radially outwardly extending flange coupled to the
shank portion and arranged to lie within the shell

a gasket coupled to the closure,

the shell positioned to lie adjacent to the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve positioned to lie within the closure, and

a metal retainer, the entire metal retainer being positioned
o lie above the gasket and a portion of the metal
retainer being postiioned to lie below the radially
outwardly extending flange.

45. The cap of claim 44, wherein the metal retainer is a
ring and extends about the circumference of the shank
portion of the closure.

46. The cap of claim 45, wherein the metal retainer is
constructed of steel.

47. The cap of claim 46, wherein the shell is constructed
of a plastics material.

48. The cap of claim 45, wherein the closure includes a
flange extending outwardly from the shank portion, the shell
includes a side wall extending around the flange and a tooth
extending from the side wall, and the retainer is posiiioned
o lie between the tooth of the shell and the flange of the
closure.

49. The cap of claim 44, wherein the metal retainer
includes a skirt positioned to lie adjacent to the shell.

50. The cap of claim 44, further comprising a lock
mechanism coupled to the shell, the lock mechanism being
movable from a locked position to an unlocked position and
cooperating with the shell and the closure to establish a
cap-removing driving connection therebetween for move-
ment of the closure in a cap-removing direction.

51. The cap of claim 44, wherein the metal refainer
includes a circumferential skirt arranged to engage the shell
and an annular portion coupled to the circumferential skirt
and positioned to lie between the closure and the circum-
ferential skirt and engage the closure.

52. The cap of claim 51, wherein the closure further
includes a radially outwardly extending flange coupled to
the shank portion and the annular portion engages an
underside of the radially outwardly extending flange.

53. A fuel cap for closing a filler neck of a fuel tank, the
cap comprising

a closure including a shank portion adapited to engage

and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed position,

a shell positioned to lie adjacent to the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve positioned to lie within the closure,
a metal retainer coupled between the closure and shell,

a lock mechanism coupled to the shell, the lock mecha-
nism being movable from a locked position to an
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unlocked position and cooperating with the shell and
the closure to establish a cap-removing driving con-
nection therebetween for movement of the closure in a
cap-removing direction, and

a plunger formed to selectively engage the vent valve and

a cam follower positioned on the plunger to engage the
lock mechanism and move the plunger along the axis of
rotation during movement of the lock to the unlocked
position.

54. The cap of claim 53, wherein the lock mechanism
includes a keyway and a key-actuated throw member formed
for selective engagement with the cam follower to move the
plunger as the throw member moves on the axis of rotation.

55. A fuel cap for closing a filler neck of a fuel tank, the
cap coOmprising

a closure including a shank porfion adapted to engage

and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed position,

a shell posttioned to lie adjacent the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve positioned to lie within the closure,
a metal retainer coupled between the closure and shell,

a lock mechanism coupled to the shell, the lock mecha-
nism being movable from a locked position to an
unlocked position and cooperating with the shell and
the closure to establish a cap-removing driving con-
nection therebetween for movement of the closure in a
cap-removing direction, and

an elongated neck positioned to lie in the closure and
configured for reciprocating movement along the axis
of rotafion to actuate the vent valve in response o
movement of the lock mechanism from the locked
position to the unlocked posiition.

56. The cap of claim 55, further comprising a removal hub
engaging the closure and the neck to establish the cap-
removing driving connection therebetween.

57. The cap of claim 56, wherein the elongated neck
includes a plurality of first drive teeth and the removal hub
includes a plurality of second drive teeth posttioned to lie in
a complementary relationship with the first drive teeth to
establish the cap-removing driving connection between the
closure and the shell.

58. The cap of claim 55, further comprising a lock-
cylinder housing retaining the lock cylinder therein and the
neck includes a finger configured for movement within the
housing from an engaging position to a driving connection-
maintaining position in response to movement of the lock
mechanism to the unlocked position.

59. The cap of claim 58, wherein the finger 1s movable
from the driving connection-maintaining postiion to the
engaging position in response to movement of the shell
relative to the closure in a cap-installing direction.

60. A fuel cap for closing a filler neck of a fuel tank, the
cap comprising

a closure including a shank porfion adapted to engage

and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed posifion,

a shell posttioned to lie adjacent the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve positioned to lie within the closure,

a metal retainer coupled between the closure and shell,
and

a plunger formed for selective engagement with the vent
valve.
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61. The cap of claim 60, further comprising a lock
mechanism coupled to the shell, the lock mechanism is
movable from a locked position to an unlocked position to
establish a cap-removing driving connection between the
shell and the closure for movement of the closure in a
cap-removing direction.

62. The cap of claim 01, further comprising a removal hub
engaging the closure and the neck to establish the cap-
removing driving connection therebeiween.

63. The cap of claim 62, wherein the plunger includes a
plurality of first drive teeth and the removal hub includes a
plurality of second drive teeth positioned to lie in a comple-
mentary relationship with the first drive teeth to establish the
cap-removing driving connection between the closure and
the shell.

04. The cap of claim 63, wherein the plunger includes first
ramping surfaces and the removal hub includes second
ramping surfaces, and the first and second ramping surfaces
are complementary to each other and configured to ramp
against each other in response to movement of the shell
relative to the closure in the cap-installing direction.

05. A fuel cap for closing a filler neck of a fuel tank, the
cap comprising.

a shell

a closure including a shank portion adapted to engage
and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed position, the closure further including
a radially outwardly extending flange coupled to the
shank portion and arranged to lie within the shell

a gasket coupled to the closure,

the shell positioned to lie adjacent to the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve posttioned to lie within the closure, and

a metal member positioned to lie between the closure and
shell, the metal member including an upper portion
engaging the closure and a skirt extending away from
the upper portion, the enitre metal member being
positioned to lie above the gasket and a portion of the
metal member being positioned to lie below the radially
outwardly extending flange.

00. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising:

a shell,

a closure adapted for engaging and closing the filler neck,
the closure including a shank portion and being mov-
able relative to the filler neck between a removed
position and an installed position, the closure including
a radially outwardly extending flange coupled to the
shank portion and arranged to lie within the shell,

a gasket coupled to the closure,

the shell in communication with the closure to permit
manual rotation of the closure about an axis of rotation,

a lock mechanism coupled to the shell, the lock mecha-
nism being movable from a locked position to an
unlocked position to establish a cap-removing driving
connection between the shell and the closure for move-
ment of the closure in a cap-removing direction, and

a metal retainer positioned to lie between the closure and
shell, the metal retainer including an upper portion
engaging the closure member and a skirt extending
away from the upper portion, the entire metal retainer
being positioned to lie above the gasket and a portion
of the metal retainer being positioned to lie below the
radially outwardly extending flange.
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67. The cap of claim 00, further comprising a vent valve
positioned to lie within the closure and configured to equal-
ize fuel vapor pressure between the filler neck and the
atmosphere.

68. The cap of claim 60, wherein the closure includes a
shank portion and a flange that extends outwardly from the
shank portion and the shell extends over the flange.

69. The cap of claim 68, wherein the metal retainer

extends about the circumference of the shank portion of the
closure.

70. The cap of claim 68, wherein the side wall of the shell
includes a tooth extending therefrom and the retainer is

positioned to lie between the tooth and the flange of the
closure.

71. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

a closure adapted for engaging and closing the filler neck,
the closure being movable relative to the filler neck
between a removed position and an installed position,

a shell in communication with the closure to permit
manual rotation of the closure about an axis of rotation,

a lock mechanism coupled to the shell, the lock mecha-
nism being movable from a locked position to an
unlocked position to establish a cap-removing driving
connection between the shell and the closure for move-
ment of the closure in a cap-removing direction,

a metal retainer coupled between the closure and shell,

a vent valve positioned to lie within the closure and
configured to equalize fuel vapor pressure between the
filler neck and the atmosphere, and

a plunger supported for reciprocating movement along
the axis of rotation and selectively actuating the vent
valve in response to movement of the lock mechanism
from the locked position to the unlocked position.

72. A lockable fuel cap for closing a filler neck of a fuel

tank, the cap comprising

a closure adapted for engaging and closing the filler neck,
the closure being movable relative to the filler neck
between a removed position and an installed position,

a shell in communication with the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve being configured to equalize fuel vapor
pressure between the filler neck and the atmosphere,

a lock mechanism coupled to the shell, the lock mecha-
nism being movable from a locked position to an
unlocked position to establish a cap-removing driving
connection between the shell and the closure for move-
ment of the closure in the cap-removing direction, and

a plunger being supported for reciprocating movemert
along the axis of rotation during movement of the lock
mechanism between the locked position and the
unlocked position, the plunger selectively actuating the
vent valve in response to movement of the lock mecha-
nism from the locked position to the unlocked position.

73. The cap of claim 72, further comprising a retainer
positioned to lie between the closure and shell.

74. The cap of claim 73, wherein the lock mechanism
includes a cam and further comprising a cam follower
positioned on the plunger and configured to selectively
engage the cam to move the plunger along the axis of
rotation during movement of the lock mechanism to the
unlocked position.

75. The cap of claim 74, wherein the retainer 1s con-
structed of metal.

76. The cap of claim 74, wherein the lock mechanism
includes a lock and a throw member coupled to the lock and
configured to define the cam.
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77. The cap of claim 76, wherein the key-actuated throw
member 1s coupled to the lock and configured to rotate
relative to the lock in response to turning a key in the keyway
urging the cam against the cam follower to move the plunger
as the throw member rotates relative to the lock.

78. The cap of claim 76, wherein the closure is formed to
include an interior region and the lock is positioned to
extend into the interior region.

79. The cap of claim 78, wherein the plunger includes an
annular ramp positioned to wind around the axis of rotation
and to engage the throw member during movement of the
lock mechanism to the unlocked position and a neck posi-
lioned to move along the axis.

80. The cap of claim 74, wherein the cam follower is an
annular ramp positioned to wind around the axis of rotation.

81. The cap of claim 72, further comprising a race
engaging the closure and a drive hub coupled to the shell
and configured to selectively engage the race to provide a
cap-installing driving connection between the shell and the
closure for movement of the closure in a cap-installing
direction.

82. The cap of claim 81, wherein the drive hub includes
means for disengaging the cap-installing driving connection
in response to movement of the shell in a cap-removing
direction.

83. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

a closure formed for engaging and closing the filler neck,
the closure being movable relative to the filler neck
between a removed position and an installed position,

a shell adapted to permit manual rotation of the closure,

a vent valve for equalizing fuel vapor pressure between
the filler neck and the atmosphere,

a lock coupled to the shell and movable from a locked
position to an unlocked posttion to establish a cap-
removing driving connection between the shell and the
closure for movement of the closure in the cap-
removing direction, the lock including a cam, and

a plunger configured to selectively actuate the vent valve
in response to movement of the lock from the locked
position to the unlocked position, the plunger including
a cam Jollower selectively engaging the cam during
movement of the lock to the unlocked position to urge
the plunger to a veni-actuating position.

84. The cap of claim 83, further comprising a metal
retainer coupled between the closure and shell to retain shell
on closure and to reinforce the shell

85. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

a closure including a threaded shank formed for rotatably
engaging and closing the filler neck the closure being
movable relative to the filler neck between a removed
position and an installed position,

a shell adapted to permit manual rotation of the closure,

a vent valve for equalizing fuel vapor pressure between
the filler neck and the atmosphere,

a lock coupled to the shell and movable from a locked
position to an unlocked position for selectively locking
and unlocking the fuel cap,

a removal hub in communication with the shell and the
closure to provide a cap-removing driving connection
therebetween in response to movement of the lock from
the locked posittion to the unlocked position to move the
closure in a cap-removing direction, and

a plunger configured to selectively actuate the vent valve
in response to movement of the lock from the unlocked
position.

24

86. The cap of claim 85, wherein the plunger is drivingly
connected to the removal hub in response to movement of the
lock to the unlocked position.

87. The cap of claim 86, wherein the plunger includes first

S drive teeth and the removal hub includes second drive teeth
positioned to lie in a complementary relationship with the
first drive teeth to establish the cap-removing driving con-
nection between the closure and the shell.

88. The cap of claim 87, wherein the plunger includes first
ramping surfaces and the removal hub includes second
ramping surfaces positioned to lie in a complementary
relationship with the first ramping surfaces and the first and
second ramping surfaces ramp against each other in
response to movement of the shell relative to the closure in
the cap-installing direction.

89. The cap of claim 85, further comprising a metal
retainer coupled between the closure and shell

90. A lockable fuel cap for closing a filler neck of a fuel
tank, the cap comprising

a closure formed for rotatably engaging and closing the

filler neck, the closure being movable relative to the

filler neck between a removed position and an installed
position,

a shell adapted to permit manual rotation of the closure,

a lock coupled to the shell and movable from a locked

position to an unlocked position for selectively locking

and unlocking the fuel cap,

a plunger having a finger movable between an engaged
position and a driving connection-maintaining
position, the finger moving to the driving connection-
maintaining position in response to movement of the
lock to the unlocked position and moving to the
engaged position in response to movement of the shell
relative to the closure in the cap-installing direction,
and

uncoupling means for automatically disabling the cap-
removing driving connection in response o movement
of the shell relative to the closure in the cap-installing
direction when the lock is in the locked position.
91. The cap of claim 90, further comprising a meial
retainer coupled between the closure and shell
92. The cap of claim 90, further comprising a vent valve
positioned to lie within the closure, the vent valve is con-
figured to equalize fuel vapor pressure between the filler
neck and the atmosphere through the closure and the
plunger is formed for movement from a vent valve-opening
position to a vent-valve closing posttion in response o
movement of the shell relative to the closure in the cap-
installing direction.
93. A lockable fuel cap for closing a filler neck of a fuel
lank, the cap comprising
a closure formed for rotatably engaging and closing the
filler neck, the closure being movable relative to the
filler neck between a removed position and an installed
position,
a shell adapted to permit manual rotation of the closure,
a lock coupled to the shell and movable from a locked
position to an unlocked position for selectively locking
and unlocking the fuel cap,

a removal hub coupled to the closure, and

a plunger selectively coupled to the removal hub, the lock,
removal hub, and plunger cooperating to establish a
cap-removing driving connection between the shell and
the closure in response to movement of the lock to the
unlocked position for movement of the closure in a
cap-removing direction.
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94. The cap of claim 93, wherein the plunger is rotation-
ally locked to the shell and the removal hub is rotationally
locked to the closure and the plunger includes ramps that
engage the lock and drive the plunger into engagement with
the removal hub in response to movement of the lock to the
unlocked position.

95. The cap of claim 94, further comprising a retainer
coupled between the closure and shell.

96. A fuel cap for closing a filler neck of a fuel tank, the
cap cComprising.

a closure including a shank portion adapited to engage
and close the filler neck, the closure being movable
relative to the filler neck between a removed position
and an installed position, the closure further including
a radially outwardly extending flange coupled to the
shank portion,

a gasket coupled to the closure,

a shell positioned to lie adjacent to the closure to permit
manual rotation of the closure about an axis of rotation,

a vent valve posttioned to lie within the closure, and

a metal retainer positioned to lie within the shell the
entire metal retainer being positioned to lie above the
gasket, and a portion of the metal retainer being
positioned to lie below the radially outwardly extend-
ing flange.

97. The cap of claim 96, wherein the metal retainer
includes a circumfereniial skirt arranged to engage the
shell, an annular inner rim arranged to lie in spaced-apart
relation to the circumfereniial skirt, and an annular con-
nector coupled to the annular inner rim and to the circum-
ferential skirt and arranged to engage the radially out-
wardly extending flange.

98. The cap of claim 97, wherein the annular connector
includes an axially upwardly facing curved upper surface
underlying and engaging the radially outwardly extending
flange.

99, The cap of claim 97, wherein the annular inner rim
includes an annular inner edge arranged to define an
opening receiving the shank portion of the closure therein.
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100. The cap of claim 97, wherein the annular inner rim
lies in a horizontal plane and the circumferential skirt is
tangent to a vertical plane that is orthogonal to the hori-
zontal plane.

101. The cap of claim 97, wherein the annular connector
is formed to include an axially downwardly facing curved
lower surface facing away from the radially outwardly
extending flange and defining an annular channel.

102. The cap of claim 96, wherein the closure further
includes a gasket flange posttioned to lie between the gasket
and the radially outwardly extending flange and to engage
the gasket and a portion of the metal retainer is positioned
to lie above the gasket flange and below the radially
outwardly extending flange.

103. The cap of claim 102, wherein the metal retainer
includes a circumfereniial skirt arranged to engage the
shell, an annular inner rim arranged to lie in spaced-apart
relation to the circumfereniial skirt, and an annular con-
nector coupled to the annular inner rim and to the circum-
ferential skirt and arranged to engage the radially out-
wardly extending flange, and the annular rim and the
annular connector cooperate to define said portion of the
metal retainer.

104. The cap of claim 102, wherein the portion of the
metal retainer includes an annular inner rim formed to
include an opening receiving the shank portion of the
closure therein.

105. The cap of claim 102, wherein the portion of the
metal retainer includes an annular connector coupled to the
annular inner rim and to the circumferenitial skirt and
wherein the annular connector includes an axially upwardly
facing curved upper surface underlying and engaging the
radially outwardly extending flange.

106. The cap of claim 102, wherein the shell and the
gasket flange cooperate to define a retainer-receiving space
therebetween and the metal retainer includes a circumfer-
ential skirt arranged to engage the shell and lie in the
retainer-receiving space.
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