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57 ABSTRACT

An end cap arrangement for a level, in which a frame of the
level includes and end defining a recess and one or more
engagement protrusions. The end cap arrangement includes
an end cap body and a retainer that is movable between
engaged and release positions. The retainer includes retainer
structure that engages the engagement protrusions when the
retainer is in the engaged position to prevent removal of the
end cap body. The retainer also includes clearance structure
that can be moved past the engagement protrusions to enable
the end cap body to be removed from the level frame. The
end cap arrangement may be used with either a box beam or
I-beam level frame.

18 Claims, 13 Drawing Sheets
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1
REMOVABLE END CAP ASSEMBLY FOR A
LEVEL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from U.S. Provisional
Patent Application No. 62/045,230, filed Sep. 3, 2014, the
subject matter of which is incorporated by reference in its
entirety.

BACKGROUND AND SUMMARY

This invention relates to a tool such as a level, and more
particularly to a removable end cap feature for a level.

Alevel generally includes at least one bubble vial secured
to an elongate frame. The frame may be constructed of
metal, plastic, organic material (e.g., wood), or other rigid
material, and has a cross section that may vary between and
within models, but commonly is in the form of either a box
beam having a generally rectangular cross-section or an
I-beam having an I-shaped cross-section. Alternatively, the
frame may have other forms suitable for specific applica-
tions (e.g., an angular frame for leveling pictures or posts).
The bubble vial indicates the orientation of the level, e.g.,
relative to a horizontal, vertical, or a diagonal plane. The vial
contains a quantity of fluid and a bubble, and the user views
the position of the bubble within the vial to ascertain the
position of the tool relative to the desired plane. A level may
also include other satisfactory means for indicating the
orientation of the level relative to a plane, such as an
electronic indicator or the like.

A level typically has end caps secured to the end of the
frame, which serve to protect the ends of the level since the
level may be subjected to rough operating and storage
conditions, e.g., on a construction site. One drawback of
level end caps is that they prevent the level gauging surface
from reaching all the way to a wall that defines a corner,
which is disadvantageous when it is desired to use the
gauging surface to draw a line all the way into the corner.

It is therefore an object of the present invention to provide
an end cap for a level that can be fastened to and removed
from the frame by a user simply and quickly and without the
use of additional materials and special tools, and without
removing any pieces and parts from the level or the end cap.

In accordance with one aspect of the invention, a tool such
as a level includes an elongate frame with two ends. The
frame defines at least one gauging surface, and has a cross
section that may vary between embodiments and may also
vary along the length of the frame. As noted previously,
common cross sections typically include a box beam cross
section and an I-beam cross section. Embodiments with a
box beam cross section have a frame with spaced-apart first
and second walls, both of which may extend substantially
parallel to each other along the elongate axis of the frame
and at an angle relative to the gauging surface. Rather than
first and second walls, embodiments with an I-beam cross
section have a web that extends between an upper flange and
lower a flange along the longitudinal axis of the frame and
at an angle relative to the gauging surface.

One or more recesses extend through the frame near each
end. The one or more recesses generally lie in a plane that
contains one of the first and second walls (e.g., in the case
of box beam embodiments) or the web (e.g., in the case of
I beam embodiments). The one or more recesses are sized to
receive a sliding retainer carried by the end cap, which is
movable between an engaged position that selectively
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secures the end cap to the frame, and a release position that
selectively enables the end cap to be removed from the
frame. At least one of the recesses includes capture protru-
sions that are engaged by the retainer when in the engaged
position to prevent disengagement of the end cap, as more
fully described below.

The one or more capture protrusions, which may be
defined by one or more indentations associated with the
recess, are configured to engage the sliding retainer when the
sliding retainer is in the engaged position in order to prevent
removal of the end cap from the frame. When the sliding
retainer is moved to the release position within an opening
defined by the end cap, clearance structure on the sliding
retainer is positioned in alignment with the one or more
capture protrusions such that the end cap can be moved past
the capture protrusions and removed from the frame by
application of an axial outward force on the end cap. The end
cap can subsequently be secured to the end cap by moving
the sliding retainer to the release position and applying an
axial inward force on the end cap, which enables the
clearance structure on the end cap to move past the one or
more capture protrusions. The sliding retainer is then
returned to the engaged position to releasably secure the end
cap to the end of the frame.

The end cap includes a main cap body and the sliding
retainer. The main cap body may be constructed of any
single material or combination of rugged materials, such as
a rubber or plastic capable of absorbing impacts and limiting
energy transfer to other components. Furthermore, the main
cap body may be constructed as a single part or an assembly
of sub-parts, and may be fully or partially hollow to con-
serve materials usage and cost, reduce weight, or to provide
functional interior surfaces that cooperate with other struc-
ture, such as the sliding retainer.

The main cap body includes an inner portion that overlaps
the end portion of the frame and an outer portion that
projects outwardly from the end of the frame. In one
embodiment, the main cap body includes a shoulder that
fixes the position of the main cap body relative to the frame.

The outer portion of the main cap body may have any
number of geometries and shapes, and representatively may
have a shape that allows the entire level assembly to lie flat
on any of its elongate sides. The outer portion may also
feature apertures (e.g., to facilitate carrying or hanging the
level on a hook), recesses, textures (e.g., to facilitate grip-
ping), or other useful characteristics.

The sliding retainer is movably positioned within the
opening of the end cap, and generally has an engaged
position and a release position, as noted previously. When
the end cap is engaged with the frame and the sliding
retainer is in the engaged position, the end cap may not be
disengaged from the frame. Conversely, when the end cap is
engaged with the frame and the sliding retainer is in the
release position, the end cap may be removed from the
frame.

For ease of assembly, the sliding retainer may be in the
form of a pair of retainer subsections that are positioned
within the opening from opposite sides defined by the end
cap, and which are configured for engagement with each
other to so as to form the sliding retainer.

The sliding retainer may include a biasing mechanism to
urge it toward the engaged position, which facilitates opera-
tion and also prevents inadvertent movement of the sliding
retainer to the release position that could result in the
unintentional disengagement of the end cap. The biasing
mechanism may be any satisfactory configuration, and in
one embodiment may be in the form of a spring interposed
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between the sliding retainer and the main cap body that
urges the sliding retainer toward the engaged position.
Various other features, objects and advantages of the
invention will be made apparent from the following descrip-
tion taken together with the drawings. Although the remov-
able end cap assembly is described in the context of a level,
it should be understood that it could also perform a useful
function in other applications, such as squares, straight
edges, in relation to handles (e.g., on tools), in relation to
posts or poles (e.g., in shelving assemblies), and other
applications not specifically mentioned herein.

BRIEF DESCRIPTION OF THE DRAWINGS

A clear conception of the advantages and features con-
stituting the present invention, and of the construction and
operation of typical mechanisms provided with the present
invention, will become more readily apparent by referring to
the exemplary, and therefore non-limiting, embodiment
illustrated in the drawings accompanying and forming a part
of this specification, wherein like reference numerals des-
ignate the same elements in the several views, and in which:

FIG. 1 is an isometric view of a first embodiment of a
level, in which the level frame has a box beam construction,
having one or more removable and caps in accordance with
the present invention; showing the end caps engaged with
the frame of the level,

FIG. 2 is a partial isometric view of one end of the level
of FIG. 1 showing the removable end cap in engagement
with the level frame;

FIGS. 3 and 4 are enlarged partial isometric views from
opposite sides of the end of the level as illustrated in FIG.
2, showing movement of the sliding retainer toward a release
position in order to enable the end cap to be removed from
the level frame;

FIG. 5 is an enlarged partial isometric view similar to
FIG. 4 and showing removal of the end cap from the level
frame;

FIGS. 6 and 7 are enlarged exploded isometric views from
opposite sides of the end cap as shown in FIG. 5 showing the
components of the removable end cap assembly;

FIG. 8 is a partial section view with reference to line 8-8
of FIG. 1, showing the sliding retainer of the removable end
cap in the engaged position;

FIG. 9 is a view similar to FIG. 8, showing movement of
the sliding retainer to the release position;

FIG. 10 is a view similar to FIGS. 8 and 9, showing
disengagement of the end cap from the level frame when the
sliding retainer is in the release position;

FIG. 11 is an isometric view of second embodiment of a
level, in which the level frame has an I-beam construction,
having one or more removable and caps in accordance with
the present invention, showing the end caps engaged with
the frame of the level,

FIG. 12 is a partial isometric view of one end of the level
of FIG. 11 showing the removable end cap in engagement
with the level frame;

FIGS. 13 and 14 are enlarged partial isometric views from
opposite sides of the end of the level as illustrated in FIG.
12, showing movement of the sliding retainer toward a
release position in order to enable the end cap to be removed
from the level frame;

FIG. 15 is an enlarged partial isometric view similar to
FIG. 14 and showing removal of the end cap from the level
frame;
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FIGS. 16 and 17 are enlarged exploded isometric views
from opposite sides of the end cap as shown in FIG. 15
showing the components of the removable end cap assem-
bly;

FIG. 18 is a partial section view with reference to line
18-18 of FIG. 11, showing the sliding retainer of the
removable end cap in the engaged position;

FIG. 19 is a view similar to FIG. 18, showing movement
of the sliding retainer to the release position;

FIG. 20 is a view similar to FIGS. 18 and 19, showing
disengagement of the end cap from the level frame when the
sliding retainer is in the release position;

FIGS. 21 and 22 are end elevation views of the removable
end cap incorporated in the embodiment illustrated in FIG.
11-20, in which FIG. 20 illustrates the sliding retainer in the
engaged position and FIG. 22 illustrates the sliding retainer
in the release position; and

FIG. 23 is an isometric view of the sliding retainer
incorporated in the embodiment illustrated in FIGS. 11-22.

In describing the embodiments of the invention which are
illustrated in the drawings, specific terminology will be
resorted to for the sake of clarity. However, it is not intended
that the invention be limited to the specific terms so selected
and it is to be understood that each specific term includes all
technical equivalents which operate in a similar manner to
accomplish a similar purpose. For example, the words
connected, attached, or terms similar thereto are often used.
They are not limited to direct connection but include con-
nection through other elements where such connection is
recognized as being equivalent by those skilled in the art.

DETAILED DESCRIPTION

Specific embodiments of the present invention will be
described by the following non-limiting examples which
will serve to illustrate various features of the invention.

With reference to the drawing figures in which like
reference numerals designate like parts throughout the dis-
closure, a representative first embodiment of the present
invention is illustrated in FIGS. 1-10 in the form of a
removable end cap assembly shown generally at 20 coupled
with a level 22, which includes an elongate box beam-type
frame 24 with a closed polygonal cross section and a first
end 26 and a second end 28, either of which end may be
provided a removable end cap 20 accordance with the
present invention. Level 22 may include one removable end
cap 20 in cooperation with each end 26, 28, or alternatively
with only one of the ends of the frame 24.

When viewed along the elongate axis with end cap 20
removed, it can be seen that frame 24 includes a first end
edge 30 and an opposing second end edge 32 at first end 26,
which correspond to a first side wall 34 and an opposing
second side wall 36, respectively. First and second side walls
34, 36 extend between and interconnect the top and bottom
walls of frame 24, which define respective top and bottom
gauging surfaces, in a manner as is known. It can be
appreciated that first and second end edges 30, 32 could
alternatively correspond to other opposing walls of the cross
section of frame 24 other than those that define the level
gauging surfaces.

With reference to FIGS. 2 and 5, an open first recess 38
extends normally through first side wall 34 proximate frame
end 26, and a closed second recess 40 extends through
second side wall 36 in transverse alignment with first recess
38. First recess 38 also extends through first edge 30, thereby
opening onto frame end 26. First recess 38 is shaped to
create engagement structure in the form of capture protru-
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sions 42a, 425 that project inwardly toward each other in the
plane containing first side wall 34. Capture protrusions 42a,
42b selectively arrest the movement of a sliding retainer 46,
as more fully described below. Second recess 40 extends
through second side wall 36, but does not extend through
second edge 32 (i.e., it does not open onto frame end 26).

With reference to FIGS. 2-7, end cap 20 includes a main
cap body 48 that houses the sliding retainer 46. Main cap
body 48 includes an outer portion 52 and an inner portion 54,
separated by a shoulder 56. Outer portion 52 may be
provided with a passage P, which may function as a hang
hole or finger grip, in a manner as is known. When end cap
20 is coupled with frame 24, as shown in FIG. 1, frame 24
slidably receives inner portion 54 and hides it from view,
while outer portion 52 visibly projects from frame end 26.
Shoulder 56 engages the end surfaces such as 30, 32 of
frame 24 at first end 26, to fix the axial position of end cap
20 relative to frame 24. Inner portion 54 of main cap body
48 features a cross section that is similar to but dimension-
ally smaller than the cross section of frame 24, such that the
surfaces of main cap body 48 do not interfere with the
gauging surfaces of frame 24. Inner portion 54 is dimen-
sioned to achieve a snug fit when received by frame 24.
Main cap body 48 includes a pair of inner walls 59, 61,
within which aligned transverse openings 58 are formed,
and which are sized to receive sliding retainer 46. Openings
58 are aligned with recesses 38, 40 when the end cap 20 is
coupled with frame 24.

Again with reference to FIGS. 2-7, sliding retainer 46 has
a first end 60 and a second end 66, and is receivable by main
cap openings 58 and frame recesses 38, 40. The user may
move sliding retainer 46 between an engaged position
(FIGS. 1, 2 and 8) and a release position (FIGS. 3,4,5,9 and
10). As will be explained sliding retainer 46 selectively
prevents end cap 20 from being removed from frame 24. To
accomplish this, main cap openings 58 and frame recesses
38, 40 receive first and second ends 60, 66, respectively, of
sliding retainer 46. In operation, sliding retainer 46 remains
within main cap opening 58, although a user can selectively
position sliding retainer 46 relative to frame recesses 38, 40
s0 as to selectively enable a user to remove end cap 20.

Referring to FIGS. 6-9, sliding retainer 46 comprises a
pair of retainer sections shown generally at 47, 49. End 62
is provided on retainer section 47, and end 66 is provided on
retainer section 49. In addition to end 62, retainer section 47
further includes guide structure 51 that extends inwardly
from end 62. Guide structure 51 has a shape corresponding
to and slightly smaller than opening 58 in main cap wall 59,
and is configured to slide inwardly and outwardly within
opening 58 when sliding retainer 46 is moved between its
engaged and disengaged positions. Retainer section 49
includes structure that extends inwardly from end 66 in the
form of a pair of spring mounting cylinders 53 between
which an engagement surface 55 extends. Engagement sur-
face 55 is a shape corresponding to the end of guide structure
51. With this construction, retainer sections 47, 49 can be
secured together, such as by adhesive or sonic welding, onto
end cap main body 48.

Springs 57 are received within spring mounting cylinders
53 of retainer section 49. Openings 58 in end Wall 61 is
shaped so as to enable end 66 of sliding retainer 46 to move
inwardly and outwardly relative to main cap wall 61. Main
cap wall 59 includes bosses 63 with which the outer ends of
springs 57 are engaged, so as to maintain springs 57 in
position when sliding retainer sections 47, 49 are secured
together. In this manner, springs 57 function to bias sliding
retainer 46 toward the engaged position as shown in FIGS.
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1, 2 and 8. The inner surfaces of end 62 of sliding retainer
46 engage main cap wall 59 adjacent opening 58 and
function as a stop when sliding retainer 46 is in the engaged
position. Sliding retainer sections 47, 49 are configured and
dimensioned such that, when sliding retainer 46 is in the
engaged position, end 66 is positioned flush within opening
40 in frame side wall 36. Similarly, when sliding retainer 46
is in the engaged position, end 62 is positioned flush within
opening 38 in frame side wall 34. It can thus be appreciated
that, with end 62 within opening 38, the protrusions 42a, 425
defined by frame side wall 34 adjacent opening 38 engage
the facing surfaces of end 62 so as to prevent relative axial
movement between frame 24 and end cap 20, in order to
releasably secure end cap 20 to frame 24.

To enable the user to disengage removable end cap 20
from frame 24, the user depresses end 66 of sliding retainer
46 so as to move sliding retainer 46 laterally against the
force of springs 57, away from the engaged position of
sliding retainer 46. This movement of sliding retainer 46
functions to move end 66 inwardly out of opening 40 in
frame side wall 36 and into and through opening 58 in main
cap wall 61, and at the same time advance end 62 outwardly
relative to opening 38 in frame side wall 34. The disengaged
position of sliding retainer 46 is illustrated in FIGS. 3, 4, 5,
9 and 10. With sliding retainer 46 in the disengaged position,
end 62 is moved out of opening 38 in frame side wall 34 and
is positioned such that guide structure 51 of retainer section
47 is in axial alignment with the space defined between
protrusions 42a, 42b. Guide structure 51 has a height that is
less than the distance between the ends of protrusions 42a,
42b. Accordingly, the user can apply an axial outward force
on end cap 20 when sliding retainer 46 is in the disengaged
position in order to remove end cap 20 from level frame 24.
During such downward movement, guide structure 51 is
moved axially through the space between protrusions 42a,
42b, while at the same time the retraction of end 66 prevents
interference with frame side wall 36. It can be appreciated
that the user need only maintain the depressing force on end
66 of sliding retainer 46 until end cap 20 is moved upwardly
and are not sufficient to create a degree of overlap between
end 66 and frame side wall 36 adjacent opening 40. The user
can then release the depressing force. Springs 57 bias and 66
into engagement with the inner surface of frame side wall 36
during continue downward movement of end cap 20. How-
ever, sliding retainer 46 is dimensioned so that even account-
ing for such movement end 62 remains clear of opening 38
to enable end cap 20 to be removed. After end cap 20 has
been fully removed, the biasing force applied by springs 57
functions to return sliding retainer 46 to the engaged posi-
tion. To re-engage end cap 20 with level frame 24, the user
again depresses end 66 to move sliding retainer 46 to the
disengaged position against the force of springs 57. End cap
20 can then be advanced into engagement with frame 24 in
a reverse manner to that described above. Once end cap 20
is advanced sufficiently so as to overlap end 66 with side
wall 36 inwardly of edge 32, the user releases the depressing
force on end 66 and continues inward advancement of end
cap 20. When end cap 20 is fully advanced to the engaged
position in which shoulder 56 contacts the end edges of
frame 24, end 62 of sliding retainer 46 is positioned in
alignment with opening 38 in frame side wall 34 and end 66
of sliding retainer 46 is positioned in alignment with open-
ing 40 in frame side wall 36. Springs 57 then act to move
sliding retainer 46 to the engaged position so as to again
secure end cap 20 two level frame 24. This construction and
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biased operation of sliding retainer 46 provides an audible
and tactile snap-type engagement when end cap 20 is
secured to level frame 24.

It can be appreciated that, while a spring-biased construc-
tion and operation of sliding retainer 46 is shown and
described, it is also contemplated that sliding retainer 46
may be moved between the engaged and disengaged posi-
tions manually without assistance from a spring or any other
biasing mechanism.

FIGS. 11-22 illustrate a second embodiment of the present
invention, in the form of a removable end cap arrangement
for an I-beam type level. As shown in FIGS. 11-16, a level
72 includes an elongate frame 74 with an open [-beam cross
section, including a web 76 spanning between an upper
flange 78 and a lower flange 80. Level 72 includes an end
cap 82 with a main cap body 84 and a sliding retainer 86. In
the illustrated embodiment, web 76 is oriented perpendicular
to flanges 78, 80, although it is understood that web 76 may
be oriented at any other desired angle. When viewed along
the elongate axis with end cap 82 removed, an edge 88
corresponding to an end 96 of frame 74 is revealed. Each of
web 76 and flanges 78, 80 have thicknesses that may vary.

As illustrated in FIGS. 15-17, an opening or recess 94
extends normally through web 76 and edge 88, opening onto
frame end 96. Recess 94 includes a pair of channels 98, each
of which has an undercut configuration that defines engage-
ment structure in the form of a pair of spaced-apart protru-
sions 100a, 1005 forming a restricted entrance to each
channel 98. The protrusions 100a, 1006 are located axially
inwardly from end 96 and extend toward each other, and are
separated by a space.

Main cap body 84 includes an outer portion 104 separated
from two inner portions 1064, 1065 by a shoulder 108. Inner
portions 106a, 1065 are separated by a slot 110. Slot 110 has
a width slightly greater than the thickness of web 76, which
enables end cap 82 to slide onto frame end 96 such that inner
portions 106a, 1065 are located adjacent oppositely facing
side surfaces of web 76. In this coupled configuration, lips
on upper and lower flanges 78, 80 may be positioned so as
to overlie inner portions 106a, 1065 of main cap body 84, to
assist in securing its position relative to frame 74. A trans-
verse opening 112 through main cap body 84 receives
sliding retainer 86.

With reference to FIGS. 16-23, sliding retainer 86 may be
in the form of a pair of sliding retainer sections 114a, 1145
engageable within opening 112 of main cap 84 and secured
together. Sliding retainer sections 114a, 1146 are secured
together, such as by adhesive, sonic welding, etc., and are
moveably positioned within web recess 94 when engaged
within main cap opening 112, and are engaged together to
form a unified sliding retainer 86. Sliding retainer 86 is
moveable between a release position and an engaged posi-
tion, which is controlled by selective lateral movement of
sliding retainer 86 within end cap opening 112 and relative
to frame recess 94. In a manner to be explained, sliding
retainer sections 114a, 1145 include retainer structure that is
configured for selective engagement with protrusions 100a,
1005 of recesses 98 for selectively securing end cap 84 to
frame 74.

As shown in FIGS. 16, 17 and 23, retainer section 114a
has a pair of spaced-apart T-shaped retainer members 1164
and retainer section 1145 has a pair of spaced apart T-shaped
retainer members 1165. The retainer members 116a of
retainer section 114a align with and engage the retainer
members 1165 of retainer section 1145 when retainer sec-
tions 114a and 1145 are secured together. The retainer
members 1165 of retainer section 1145 extend throughout
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the depth of retainer section 1145, whereas the retainer
members 116a retainer section 114a extend throughout only
a portion of the depth of retainer section 114a. Retainer
section 114a includes a peripheral lip 1184, and similarly
retainer section 1145 includes a peripheral lip 1185. Retainer
members 1165 of retainer section 1145 extend inwardly
from the inner surface of lip 1185. Retainer members 116a
of retainer section 114a, however, terminate at a location
spaced from the inner surface of lip 118a. in this manner, a
clearance space S is defined between the inner surface of lip
1184 and the facing ends of retainer members 116a.

Referring to FIGS. 16 and 17, opening 112 in end cap 82
defines a shoulder 120a adjacent the outer side surface of
end cap inner portion 106a, and likewise defines a shoulder
1204 adjacent the outer side surface of end cap inner portion
1064. In addition, opening 112 defined pair of spaced-apart
T-shaped slots 122a in inner portion 106a, and similarly
defines a pair of spaced-apart T-shaped slots 1225 in inner
portion 1065. The slots 1224 and 12254 are aligned with each
other, with the space 110 between the portions 106a and
1065 located therebetween. When end cap 84 is engaged
with frame 74, slots 122a and 1225 are in transverse
alignment with channels 98 in frame web 76. The T-shaped
retainer members 116a and 1165 of sliding retainer 86 are
configured such that they are received within, and movable
within, the aligned web channels 98 and T-shaped slots
122a, 1225.

In the illustrated embodiment, the retainer members 116a
and 11656 and slots 1224 and 1224 are shown as having a
generally T-shaped configuration. It is understood, however,
that any other satisfactory configuration may be employed.
Generally, however, the retainer members or structure are in
the form of a irregularly shaped tabs or the like that are
received within corresponding irregularly shaped slots or the
like.

In the illustrated embodiment, sliding retainer 86 includes
a transverse passage 130, which functions as a hang hole,
finger grip or the like. It is understood, however, that sliding
retainer 86 may alternatively have a solid cross-section
without a transverse opening or passage.

In operation, when end cap 84 is engaged with frame 74,
the sliding retainer 86 of end cap 82 is positioned within
opening 112 in an engaged position in which lip 1186 of
retainer section 1145 is engaged with shoulder 120. This
engaged position of sliding retainer 86 is illustrated in FIGS.
12, 18 and 21. The T-shaped retainer members 116a and
1165 are engaged within the T-shaped slots 122a and 1225,
as well as within the channels 98 so as to underlie protru-
sions 1004 and 1005. Retainer members 1164 and 1165 thus
function to lock end cap 82 to the end of level frame 74.
When it is desired to remove the end cap 82, the user applies
a transverse depressing force to lip 118a of sliding retainer
86, which causes lateral movement of sliding retainer 86
within end cap opening 112 and relative to frame web 76.
Continued lateral movement of sliding retainer 86 places
sliding retainer 86 in a release or disengaged position, in
which retainer members 116a and 1165 are moved out of
channels 98 in frame web 76 and the space S (FIG. 23) of
sliding retainer 86 is located in axial alignment with frame
web 76. This position of sliding retainer 86 is illustrated in
FIGS. 13-15, 19, 20 and 22. When sliding retainer 86 is in
the release or disengaged position, the user can apply an
axial outward force on the end cap 82 so as to remove it from
the end of level frame 74. When it is desired to subsequently
engage end cap 82 with the end of level frame 74, the above
steps are reversed such that subsequent positioning of
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retainer members 1164 and 1165 within slots 122a, 1225 and
channels 98 secures end cap 82 to the level frame 74.

Lateral movement of sliding retainer 86 within opening
112 of end cap 82 is controlled by engagement of lips 118a,
1185 with shoulders 120a, 1205, respectively.

While sliding retainer 86 is illustrated as remaining in
place when moved to either the engaged or disengaged
position, it is also contemplated that a biasing mechanism
may be employed to maintain it in the engaged position, in
generally the same manner as described in connection with
the embodiment of FIGS. 1-10.

It can thus be appreciated that the present invention
provides a removable end cap assembly for a level that is
relatively simple in construction and easy to operate, but that
provides secure engagement with the level frame when in an
engaged position and that can be quickly and easily remove
when desired. The removable end cap assembly has no
separate pieces or parts that can easily be lost or misplaced,
but rather incorporates a unique, unitary retainer configura-
tion in the end cap itself that is selectively engageable with
engagement structure on the level frame.

It can also be appreciated that, while the level frame and
sliding retainer have been shown and described with certain
configurations of engagement structure, various other
engagement structure and retainer structure configurations
may be employed. Generally, however, the engagement
structure on the level frame is formed so as to have an
opening or passage onto the end of the level frame and
irregularly shaped slots, indentations or recesses and the
retainer structure on the sliding retainer has corresponding
irregularly shaped retainer members or structure. When the
sliding retainer is in the engaged position, the retainer
structure is received or positioned within the engagement
structure and the end cap cannot be removed. When the
sliding retainer is moved to the disengaged or release
position, the retainer structure is moved to a position where
it is clear of the engagement structure on the level frame and
can be moved through the opening or passage in order to
enable the end cap to be removed.

It should be understood that the invention is not limited in
its application to the details of construction and arrange-
ments of the components set forth herein. The invention is
capable of other embodiments and of being practiced or
carried out in various ways. Variations and modifications of
the foregoing are within the scope of the present invention.
It is also understood that the invention disclosed and defined
herein extends to all alternative combinations of two or more
of the individual features mentioned or evident from the text
and/or drawings. All of these different combinations consti-
tute various alternative aspects of the present invention. The
embodiments described herein explain the best modes
known for practicing the invention and will enable others
skilled in the art to utilize the invention.

I claim:

1. A level, comprising:

a frame extending along a longitudinal frame axis and

defining an end;

an opening located adjacent the end of the frame, wherein

the frame and the opening define a passage and also
define engagement structure located adjacent the pas-
sage;

an end cap engageable with the frame and having a

portion that is configured to overlie the opening; and

a releasable engagement arrangement engaged with and

carried by the end cap, wherein the releasable engage-
ment arrangement is positioned within the opening, and
wherein the releasable engagement arrangement

25

30

40

45

55

65

10

includes retainer structure that is movable relative to
the end cap and relative to the frame in a direction
transverse to the longitudinal frame axis between an
engaged position and a release position, wherein in the
engaged position the retainer structure is positioned
relative to the engagement structure to maintain the end
cap in engagement with the frame, and wherein in the
release position the retainer structure is positioned
relative to the engagement structure to enable a portion
of the releasable engagement arrangement to pass
through the passage upon application of an axial out-
ward force to the end cap in order to enable the end cap
to be removed from the frame, wherein the releasable
engagement arrangement remains engaged with the end
cap both when the end cap is engaged with the frame
and when the end cap is removed from the frame.

2. The level of claim 1, wherein the end cap defines a
transverse passage extending transversely relative to the
longitudinal frame axis when the end cap is engaged with the
frame, and wherein the releasable engagement arrangement
is movable in the transverse direction within the transverse
passage between the engaged and release positions.

3. The level of claim 2, wherein the releasable engage-
ment arrangement is slidably movable within the transverse
passage in the transverse direction between the engaged and
release positions.

4. The level of claim 3, wherein the engagement structure
comprises one or more protrusions defined by the frame
opening and located adjacent the passage, wherein the
retainer structure on the releasable engagement arrangement
engages the one or more protrusions when the releasable
engagement arrangement is in the engaged position, and is
moved out of engagement with the one or more protrusions
when the releasable engagement arrangement is in the
release position.

5. The level of claim 1, wherein the frame defines a pair
of spaced apart walls, wherein the opening and the engage-
ment structure are associated with a first one of the walls,
and wherein a second one of the walls includes a second
opening within which a portion of the releasable engage-
ment arrangement is positioned.

6. The level of claim 5, wherein the end cap includes an
inner portion configured for positioning within an internal
passage defined by the level frame between the pair of
spaced apart walls, and wherein the releasable engagement
arrangement is movably mounted to the inner portion for
movement between the engaged position and the release
position.

7. The level of claim 1, wherein the frame defines a web
that extends between a pair of spaced apart flanges, wherein
the opening and the engagement structure are associated
with the web, and wherein the releasable engagement
arrangement comprises a retainer that is slidably movable
relative to the end cap in the transverse direction between the
engaged and released positions.

8. The level of claim 7, wherein the opening and the
engagement structure define one or more protrusions and
wherein the retainer includes one or more retainer members
that are engageable with the one or more protrusions when
the retainer is in the engaged position.

9. A level, comprising:

a frame extending along a longitudinal frame axis and
defining an end and further defining a pair of spaced
apart frame walls;

an opening located adjacent the end of the frame, wherein
the frame and the opening define a passage and also
define engagement structure located adjacent the pas-
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sage, and wherein the opening and engagement struc-
ture are associated with a first one of the frame walls,
and wherein a second one of the frame walls includes
a second opening;

an end cap engageable with the frame and having a
portion that is configured to overlie the opening,
wherein the end cap includes an inner portion config-
ured for positioning within an internal passage defined
by the level frame between the pair of spaced apart
frame walls; and

a releasable engagement arrangement carried by the end
cap, wherein the releasable engagement arrangement is
positionable within the opening and has retainer struc-
ture that is movably mounted to the inner portion of the
end cap and relative to the frame between an engaged
position and a release position, wherein in the engaged
position the retainer structure is positioned relative to
the engagement structure to prevent removal of the end
cap from the frame, and wherein in the release position
the retainer structure is positioned relative to the
engagement structure to enable a portion of the releas-
able engagement arrangement to pass through the pas-
sage upon application of an axial outward force to the
end cap inn order to remove the end cap from the frame,
wherein the releasable engagement arrangement com-
prises a sliding retainer having a first portion positioned
within the opening in the first frame wall and a second
portion positioned within the second opening in the
second frame wall when the sliding retainer is in the
engaged position, and wherein the first portion is mov-
able inwardly relative to the opening in the first frame
wall and the second portion is movable outwardly
relative to the second opening in the second frame wall
when the sliding retainer is in the release position and
wherein, when the sliding retainer is in the release
position, the sliding retainer can be moved axially
outwardly through the passage to disengage the end cap
from the level frame.

10. A level, comprising:

a frame defining an end, wherein a recess extends
inwardly from the end of the frame and defines engage-
ment structure;

an end member configured for selective engagement with
the end of the frame; and

a movable retainer engaged with and carried by the end
member, wherein the movable retainer is movable
relative to the end member between an engaged posi-
tion and a release position, wherein the movable
retainer includes retainer structure that engages the
engagement structure when in the engaged position so
as to maintain engagement of the end member with the
frame, and that is positioned out of engagement with
the engagement structure when in the release position
so as to enable removal of the end member from the
frame, and wherein the movable retainer remains
engaged with the end member both when the end
member is engaged with the frame and when the end
member is removed from the frame.

11. The level of claim 10, wherein the engagement
structure comprises one or more protrusions and wherein the
retainer structure comprises one or more retainer members
that are engageable with the one or more protrusions when
the movable retainer is in the engaged position.

12. The level of claim 11, wherein the movable retainer
includes clearance structure that is positioned in alignment
with the one or more protrusions when the movable retainer
is in the release position.

15

20

25

30

35

40

45

50

55

60

65

12

13. The level of claim 12, wherein the clearance structure
is associated with guide structure that guides movement of
the movable retainer between the engaged and release
positions.
14. A method of engaging an end member with a level
frame, comprising the acts of:
providing a level frame extending along a longitudinal
axis and having an end with a recess, wherein the recess
includes one or more engagement protrusions;

providing an end member configured for engagement with
the end of the level frame, wherein the end member
includes a movable retainer that is engaged with the
end member and movable in a direction transverse to
the longitudinal axis of the level frame, wherein the
movable retainer includes retainer structure;

positioning the movable retainer in a disengaged position,
while the movable retainer remains engaged with the
end member, and engaging the end member with the
end of the level frame by moving the end member in the
direction along the longitudinal axis of the level frame
such that a portion of the end member overlies the
recess; and

moving the movable retainer to an engaged position,

while the movable retainer remains engaged with the
end member, in the direction transverse to the longitu-
dinal axis of the level frame when the end member is
engaged with the end of the level frame, wherein the act
of moving the movable retainer in the direction trans-
verse to the longitudinal axis of the level frame to the
engaged position places the retainer structure of the
movable retainer in engagement with the one or more
protrusions so as to prevent movement of the end
member in the direction along the longitudinal axis of
the level frame and thereby disengagement of the end
member from the level frame, wherein the movable
retainer remains engaged with the end member during
movement of the movable retainer between the
engaged and disengaged positions both when the end
member is engaged with the end of the level frame and
when the end member is disengaged from the level
frame.

15. The method of claim 14, wherein the act of moving
the movable retainer in the direction transverse to the
longitudinal axis of the level frame between the disengaged
and engaged positions is carried out by lateral sliding
movement of the movable retainer relative to the end
member.

16. The method of claim 15, wherein the act of engaging
the end member with the end of the level frame is carried out
by advancing a portion of the movable retainer in the
direction along the longitudinal axis of the level frame
through passage structure associated with the opening and
that defines the one or more engagement protrusions.

17. The method of claim 16, wherein the act of advancing
the portion of the movable retainer in the direction along the
longitudinal axis of the level frame through passage struc-
ture associated with the opening comprises moving the
portion of the movable retainer past a pair of protrusions
defined by the end of a wall of the level frame.

18. The method of claim 16, wherein the act of advancing
the portion of the movable retainer in the direction along the
longitudinal axis of the level frame through passage struc-
ture associated with the opening comprises moving the
portion of the movable retainer past a pair of protrusions
defined by an edge of the recess.
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