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(54) Folding tool

(57) A locking folding tool (10) is disclosed. The fold-
ing tool comprises a housing (20) having a pair of side-
walls in spaced relation to each other, and a support ex-
tending transversely between the pair of sidewalls
(42,44). The folding tool may further have a plurality of
work tools (32) pivotally supported by the support
(50,50’). As such, the support may define a pivot axis for
the work tools. Each work tool may further have an as-

sociated lock engaging member (81,81’). The folding tool
may also include a lock member (90,90’) movable be-
tween a first position and a second position. When the
lock member is in the first position, it may engage the
lock engaging members so that each of the work tools is
inhibited from pivoting about the support. When the lock
member is in the second position, it may disengage the
lock engaging member so that the work tools are pivot-
able about the support.
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Description

[0001] The present invention relates generally to tools
comprising a plurality of work tools configured to unfold
from a housing.
[0002] Foldable "multi-tools" are used to contain a plu-
rality of tools in a single housing. Among other things,
the present application relates to a plurality of folding
tools having a locking mechanism to hold each of the
plurality of tools in an extended or stored position.
[0003] According to one aspect of this disclosure, a
folding tool comprises a housing having a pair of side-
walls in spaced relation to each other. A support may
extend transversely between the sidewalls of the hous-
ing. The folding tool may further have a plurality of work
tools pivotally supported by the support, whereby the
support defines a pivot axis for the work tools. Associated
with each work tool may be an associated lock engaging
member. The tool may further comprise a lock member
movable between a first position and a second position.
When the lock member is in the first position, it may en-
gage the lock engaging members so that the work tools
are inhibited from pivoting about the support. When the
lock member is in the second position, it may disengage
the lock engaging members so that each of the work tools
is pivotable about the support. In such a folding tool, the
lock member may be configured to not apply an axial
force to the lock engaging members.
[0004] Another aspect of this disclosure relates to a
folding tool comprising a housing having a pair of side-
walls in spaced relation to each other. A support may
extend transversely between the sidewalls of the hous-
ing. The folding tool may further have a plurality of work
tools pivotally supported by the support, whereby the
support defines a pivot axis for the work tools. Associated
with each work tool may be an associated lock engaging
member. The tool may further comprise a lock member
movable between a first position and a second position.
When the lock member is in the first position, it may en-
gage the lock engaging members so that the work tools
are inhibited from pivoting about the support. When the
lock member is in the second position, it may disengage
the lock engaging members so that each of the work tools
is pivotable about the support. In such a folding tool, the
lock member may be configured to be axially movable
about an axis that is spaced from the pivot axis.
[0005] Another aspect of this disclosure relates to a
folding tool comprising a housing having a pair of side-
walls in spaced relation to each other. A support may
extend transversely between the sidewalls of the hous-
ing. The folding tool may further have a plurality of work
tools pivotally supported by the support, whereby the
support defines a pivot axis for the work tools. Associated
with each work tool may be an associated lock engaging
member. The tool may further comprise a lock member
movable between a first position and a second position.
When the lock member is in the first position, it may en-
gage the lock engaging members so that the work tools

are inhibited from pivoting about the support. When the
lock member is in the second position, it may disengage
the lock engaging members so that each of the work tools
is pivotable about the support. In such a folding tool, an
axial force applied to the work tools may be substantially
constant regardless of whether the lock member is in the
first position or the second position.
[0006] Another aspect of this disclosure relates to a
folding tool comprising a housing having a pair of side-
walls in spaced relation to each other. A support may
extend transversely between the sidewalls of the hous-
ing. The folding tool may further have a plurality of work
tools pivotally supported by the support, whereby the
support defines a pivot axis for the work tools. The folding
tool may further have a lock assembly configured to se-
lectively lock the plurality of work tools at a plurality of
angles with respect to the housing. The folding tool may
further comprise a stop arrangement establishing a plu-
rality of minimum angles that the plurality of work tools
may form with the housing at the support.
[0007] These and other objects, features, and charac-
teristics of the present invention, as well as the methods
of operation and functions of the related elements of
structure and the combination of parts and economies of
manufacture, will become more apparent upon consid-
eration of the following description and the appended
claims with reference to the accompanying drawings, all
of which form a part of this specification, wherein like
reference numerals designate corresponding parts in the
various figures. In one embodiment of the invention, the
structural components illustrated herein are drawn to
scale. It is to be expressly understood, however, that the
drawings are for the purpose of illustration and descrip-
tion only and are not a limitation of the invention. In ad-
dition, it should be appreciated that structural features
shown or described in any one embodiment herein can
be used in other embodiments as well. It is to be expressly
understood, however, that the drawings are for the pur-
pose of illustration and description only and are not in-
tended as a definition of the limits of the invention. As
used in the specification and in the claims, the singular
form of "a", "an", and "the" include plural referents unless
the context clearly dictates otherwise.
[0008] Features of the tool in accordance with one em-
bodiment are shown in the drawings, in which like refer-
ence numerals designate like elements. The drawings
form part of this original disclosure in which:

Figure 1 is a perspective view of an embodiment of
the folding tool of the present invention;
Figure 2 shows an exploded view of the embodiment
of Figure 1, showing the constituent components
thereof;
Figure 3 is an isolated perspective view of a portion
of the embodiment of Figure 1, showing a plurality
of work tools and associated lock engaging mem-
bers, interacting with a separator and associated ta-
pered body;
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Figure 4 is an isolated perspective view of the sep-
arator and tapered body of Figure 3;
Figure 5 is an isolated perspective view of an em-
bodiment of a work tool from the present invention;
Figure 6 is an isolated perspective view of the work
tool of Figure 5, associated with a lock engaging
member;
Figure 7 shows perspective and side views of an
embodiment of a lock member of the present inven-
tion;
Figure 8 shows a perspective view of the interaction
of the lock member of Figure 6 with the work tool and
lock engaging member of Figure 7, when the lock
member is in a locked position; and
Figure 9 shows a perspective view of the interaction
of the lock member of Figure 6 with the work tool and
lock engaging member of Figure 7, when the lock
member is in an unlocked position.

[0009] Figure 1 shows an embodiment of a folding tool
10 of the present invention. The folding tool 10 comprises
a housing 20 configured to hold a first plurality of work
tools 32. The first plurality of work tools 32 will be dis-
cussed in greater detail below. The housing 20 may be
of any suitable construction or configuration, including
but not limited to metal, plastic, elastomer, wood or com-
binations thereof. In an embodiment, the housing 20 may
be at least partially wrapped in a grip material 25, includ-
ing but not limited to rubber. The housing 20 may have
an elongated appearance, and in an embodiment may
be hinged, for example to unfold to expose one or more
tools, such as a pair of pliers, knives, screwdrivers, saws,
scissors, or other tools concealed therein. In the illustrat-
ed embodiments, the housing 20 comprises a first side-
wall 42 and a second sidewall 44 in spaced relation to
one another. In an embodiment, the housing 20, including
the first and second sidewalls 42 and 44 may be con-
structed to comfortably fit in the palm of a user’s hand.
In an embodiment, the grip material 25 may at least par-
tially wrap or cover the first and second sidewalls 42 and
44. In an embodiment, the housing 20, including the first
and second sidewalls 42 and 44, may include branding
information, and may be colored to correspond to a
brand’s trade dress.
[0010] Extending transversely between the first and
second sidewalls 42 and 44 of the folding tool 10 is at
least a first support 50. In an embodiment, such as the
illustrated embodiment, the folding tool 10 may further
comprise at least a second support 50’. In an embodi-
ment, the first support 50 may be configured to define a
first pivot axis 55 for the first plurality of work tools 32. In
embodiments with the second support 50’, the second
support 50’ may be configured to define a second pivot
axis 55’ for a second plurality of work tools 32’ (obscured
in Figure 1). In an embodiment, each of the first and sec-
ond supports 50 and 50’ may comprise a bar, pin, screw
or bolt, extending along their respective pivot axes 55 or
55’ from the first side wall 42, through a portion of each

of the first and second pluralities of work tools 32 and 32’
and associated components, to the second sidewall 44.
In an embodiment, first and second sidewalls 42 and 44
may also be separated by a separator 60, which may
generally extend between and substantially perpendicu-
lar to the orientation of the first and second sidewalls 42
and 44. In an embodiment, the separator 60 may gener-
ally be framed by the first and second sidewalls 42 and
44, and the supports 50 and 50’, as will be discussed in
greater detail below.
[0011] The folding tool 10 may further comprise a first
lock assembly 70 (discussed below and unobscured in
Figure 8), which may be associated with the support 50,
and configured to selectively lock the first plurality of work
tools 32 in different preset angles with respect to the
housing 20. As seen in the illustrated embodiment, the
folding tool 10 may also comprise a second lock assem-
bly 70’ (similar to the first lock assembly 70 unobscured
in Figure 8), associated with the second support 50’, and
configured to selectively lock the second plurality of work
tools 32’ in different preset angles with respect to the
housing 20. The first and second lock assemblies 70 and
70’ may comprise a first and second plurality of lock en-
gaging members 81 and 81’, each of which is associated
with one of the first and second pluralities of work tools
32 and 32’. For example, in the illustrated embodiments,
each of the first plurality of lock engaging members 81
are associated with one of the first plurality of work tools
32, and each of the second plurality of lock engaging
members 81’, are associated with one of the second plu-
rality of work tools 32’. In an embodiment, each of the
first set of lock engaging members 81 may be configured
to selectively engage with a first lock member 90 (ob-
scured in Figure 1) that is positioned along a first lock
axis 95. Likewise, each of the second set of lock engaging
members 81’ may be configured to selectively engage
with a second lock member 90’ that is positioned along
a second lock axis 95’. Both the first and second set of
lock engaging members 81 and 81’ and the first and sec-
ond lock members 90 and 90’ are described in greater
detail below. As is seen in the non-limiting embodiment
of Figure 1, the selective engagement of the first lock
member 90 may be actuated through a first push button
100 that may be built into one or both of the first and
second sidewalls 42 and 44. Also seen is that the selec-
tive release of the second lock member 90’ may be ac-
tuated through a second push button 100’ that may also
be built into one or both of the first and second sidewalls
42 and 44.
[0012] Turning now to Figure 2, the assembly of all
components of the illustrated embodiment of the folding
tool 10 can be seen in exploded form. Shown are the first
and second sidewalls 42 and 44, including the first side-
wall 42 and the second sidewall 44. The first and second
sidewalls 42 and 44 are partially covered in the grip ma-
terial 25. Also seen are a first interior sidewall 47 asso-
ciated with the first sidewall 42, and a second interior
sidewall 49 associated with the second sidewall 44. Lo-
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cated between the first sidewall 42 and the first interior
sidewall 47 are the first and second push buttons 100
and 100’, each of which may be configured to be received
by a corresponding first and second opening 102 and
102’ in the first sidewall 42. The first and second push
buttons 100 and 100’ may be prevented from completely
passing through the corresponding first and second
openings 102 and 102’ due to a first and second outward-
ly projecting lip 104 and 104’ on the first and second push
buttons 100 and 100’. The first and second raised lips
104 and 104’ may be configured as stepped portions that
provide a planar area larger than the size of the corre-
sponding openings 102 and 102’ on the first sidewall 42.
The first interior sidewall 47 may limit the maximal de-
pression that the first and second push buttons 100 and
100’ may be depressed, as will be discussed in greater
detail below.
[0013] Located between the first and second sidewalls
42 and 44 of the folding tool 10 is the separator 60. The
separator 60 may be of any suitable construction or con-
figuration, including but not limited to metal, plastic,
wood, or combinations thereof. The separator 60 may
provide a surface against which the first and second plu-
rality of work tools 32 and 32’ may pivot into when the
folding tool 10 is in its closed position. From the perspec-
tive shown in Figure 2, the first plurality of work tools 32
are positioned to contact the visible side of the separator
60 when in their closed positions. On the other hand the
second plurality of work tools 32’ in the illustrated em-
bodiment are configured to contact the obscured side of
the separator 60 when in their closed positions.
[0014] In the illustrated embodiment, the separator 60
comprises a plurality of first support engaging portions
62 and a plurality of second support engaging portions
62’, which extend outward from the center of the sepa-
rator 60. In an embodiment wherein the separator 60
engages the first and second sidewalls 42 and 44, a por-
tion of the separator 60 may pass through a receiving
hole 64a in the first interior sidewall 47, and a receiving
hole 64b in the second interior sidewall 49. Further details
of the structure of the separator 60 are discussed below.
[0015] Also seen in Figure 2 are the first and second
sets of work tools 32 and 32’, and their associated first
and second sets of lock engaging members 82 and 82’.
As can be seen in the illustrated embodiment, on the left
side of Figure 2 are five of the work tools 32a-e configured
to pivot about the first support 50 upward from the sep-
arator 60 in the view shown. On the right side of Figure
2 are three work tools 32a’-c’ configured to pivot about
the second support 50’ downward from the separator 60
in the perspective of the view shown. In various embod-
iments, the number and type of work tools 32’ configured
to pivot about each support 50 or 50’ may vary. As seen
in the illustrated embodiment, the first and second sets
of folding tools 32a-e and 32a’-c’ may be hex keys of
differing sizes. In the illustrated embodiment, wherein the
separator 60 comprises the first support engaging por-
tions 62, each of the first plurality of work tools 32a-e and

their associated first set of lock engaging members 81a-
e may be interspersed between each of the first support
engaging portions 62, such as support engaging portions
62a-f. For example, work tool 32a and associated lock
engaging member 81a may be located between a first
support engaging portion 62a and a first support engag-
ing portion 62b. Likewise, in embodiments wherein the
separator 60 comprises the second support engaging
portions 62’, such as support engaging portions 62a’-d’,
each of the second plurality of work tools 32’ and their
associated second set of lock engaging members 81’
may be interspersed between each of the second support
engaging portions 62a’-d’. For example, work tool 32a’
and associated lock engaging member 81a’ may be lo-
cated between second support engaging portion 62a’
and second support engaging portion 62b’.
[0016] Also visible in Figure 2 are the first lock member
90 and the second lock member 90’. The first and second
lock members 90 and 90’ comprise a respective first and
second plurality of circumferential grooves 92 and 92’
that correspond to the first and second sets of lock en-
gaging members 81 and 81’. For example, first circum-
ferential grooves 92a, 92b, 92c, 92d, and 92e correspond
with first lock engaging members 81a, 81b, 81c, 81d, and
81e respectively. Likewise, second circumferential
groove 92a’, 92b’, and 92c’ correspond with second lock
engaging members 81a’, 81 b’, and 81c’ respectfully, as
will be discussed in greater detail below.
[0017] As seen in the illustrated embodiment, the first
and second lock members 90 and 90’ are axially move-
able along the respective first and second lock axes 95
and 95’. In an embodiment, the movement of the first and
second lock members 90 and 90’ may be between a first
position and a second position. As seen, the first lock
member 90 may terminate at one end by the first sidewall
42 at the first push button 100, and on the other end by
the second sidewall 44 at a first bias member 110. Like-
wise, the second lock member 90’ terminates at one end
by the first sidewall 41 at the second push button 100,
and on the other end by the second sidewall 44 at a sec-
ond bias member 110’. In an embodiment, the first and
second bias members 110 and 110’ may be configured
to bias their respective lock members 90 and 90’ to the
first position, which may correspond to a locking of the
first and second pluralities of work tools 32 and 32’. In
an embodiment, the first and second bias members 110
and 110’ may be configured to bias the raised lips 104
and 104’ of their respective push buttons 100 and 100’
against the contacting portion of their corresponding
openings 102 and 102’. The bias members 110 and 110’
can be of any construction or configuration, including but
not limited to metal and/or plastic. In an embodiment,
each of the bias members 110 and 110’ may comprise
a spring.
[0018] In an embodiment, the first and second bias
members 110 and 110’ may be received by correspond-
ing first and second bias member receptacles 115 and
115’, which, in an embodiment, may be located in the
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second sidewall 44 at the intersection of the second side-
wall 44 and the first and second lock axes 95 and 95’. In
an embodiment, pressing either of the push buttons 100
or 100’ may cause a compression of their associated first
or second bias members 110 or 110’. In such an embod-
iment, by pressing on the first or second push buttons
100 or 100’, their associated first or second lock member
90 or 90’ may move from their first position, against the
bias, to a second position that corresponds to an unlock-
ing of the first and second pluralities of work tools 32 and
32’. In an embodiment, the second position may corre-
spond with a maximal depression of the push button 100
or 100’. In an embodiment, the maximal depression of
the push button 100 or 100’ may be fixed by the com-
pression of the bias member 110 or 110’, by contact be-
tween the push button 100 or 100’ and the first interior
sidewall 47, or by any other structure.
[0019] During assembly of the folding tool 10 in the
illustrated embodiment, the first support 50 may enter a
plurality of receiving holes arranged along the compo-
nents of the folding tool 10 that are supported by or pivot
about the pivot axis 55. For example, in the illustrated
embodiment, the support 50 would enter a receiving hole
53a located on the first sidewall 42, a receiving hole 53b
located on the first interior sidewall 47. The support 50
would then enter a receiving hole 83 on each lock en-
gaging member 81 and an associated receiving hole 33
on each work tool 32. In embodiments wherein the first
plurality of work tools 32 and associated first set of lock
engaging members 81 are interspersed between the plu-
rality of support engaging portions 62 on the separator
60, the support 50 may also enter an associated receiving
hole 63 on each support engaging portion 62. As seen
in Figure 2, the support would enter receiving holes 53a,
53b, 63a, 83a, 33a, 63b, 83b, 33b, 63c, 83c, 33c, 63d,
83d, 33d, 63e, 83e, 33e, and 63f. The support would then
enter a receiving hole 53c located on the second interior
sidewall 49 and a receiving hole 53d located on the sec-
ond sidewall 44 before encountering a support receiving
piece 59. Such a configuration may also be true for the
components of the folding tool 10 configured to pivot
around the second support 50’. For example, as also
seen in Figure 2, the support would enter corresponding
second receiving holes 53a’, 53b’, 63a’, 83a’, 33a’, 63b’,
83b’, 33b’, 63c’, 83c’, 33c’, and 63d’, before entering re-
ceiving holes 53c’ and 53d’, before encountering a sec-
ond support receiving piece 59’. In an embodiment, any
"receiving hole" may not be circumferentially surrounded,
but may instead comprise any open space or notch
through which another body may pass therein. In an em-
bodiment the first and second supports 50 and 50’, and
corresponding first and second support receiving pieces
59 and 59’ may be configured to have corresponding
threaded fasteners, allowing securement of the supports
50 and 50’ to the support receiving pieces 59 and 59’.
[0020] During assembly of the folding tool 10, the first
and second lock members 90 and 90’ may also be in-
serted inside the housing 20 and, as noted, may termi-

nate at either end by the push buttons 100 and 100’, and
the bias members 110 and 110’. To terminate at these
components, portions of the first and second lock mem-
bers 90 and 90’ may pass through the first interior side-
wall 47 and the second interior sidewall 49. In an embod-
iment, the first interior sidewall 47 may comprise a re-
ceiving hole 97a configured to receive a portion of the
first lock member 90 that will contact the first push button
100, as well as a second receiving hole 97a’ configured
to receive a portion of the second lock member 90’ that
will contact the second push button 100’. On the other
ends of first and second lock members 90 and 90’, there
may be first and second receiving holes 97b and 97b’
configured to receive portions of the first and second lock
members 90 and 90’ that will contact the bias members
110 and 110’ that are received within first and second
bias member receptacles 115 and 115’ on the second
sidewall 44. In embodiments wherein the plate 60 com-
prises first support engaging portions 62, such as support
engaging portions 62a-f, the first support engaging por-
tion 62a-f may comprise corresponding receiving holes
67, such as receiving holes 67a-f for the first lock member
90. Likewise, in embodiments wherein the plate 60 com-
prises second support engaging portions 62’, such as
support engaging portions 62a’-d’, the second support
engaging portion 62a’-d’ may comprise corresponding
receiving holes 67’, such as receiving holes 67a’-d’ for
the second lock member 90’. Additionally, each of the
first and second lock engaging members 81a-f and 81a’-
c’ may have corresponding indentations 87, such as 87a-
e and 87a’-c’ (generically 87n), that may be configured
to interact with the first and second lock members 90 and
90’ when the associated work tools 81 a-e and 81 a’-c’
are in their stored position, as will be described in greater
detail below.
[0021] As seen in the view of Figure 3, the separator
60 may separate the first plurality of work tools 32 from
the second plurality of work tools 32’ In an embodiment,
the separator 60 may be configured to limit the range of
pivotal motion of the first and second pluralities of work
tools 32 and 32’. In an embodiment, the separator 60
may comprise a stop arrangement, providing points of
contact for the first and second plurality work tools 32
and 32’ to pivot into when the folding tool 10 is in its closed
position. The stop arrangement may be of any suitable
configuration, including but not limited to one or more
pins, bars, or other structure or series of structures im-
movably residing within a portion of the range of motion
of the first and second pluralities of work tools 32 and 32’
around the pivot axes 55 and 55’, thus interfering with
the pivotal motion of the first and second pluralities of
work tools 32 and 32’ in a given direction around the
supports 50 and 50’. For example, the separator 60 may
accomplish this by having a main separator body 61 lo-
cated at least partially in the range of motion of the first
and second pluralities of work tools 32 and 32’. As seen
in the illustrated embodiment, the separator 60 may also
be configured to taper the closed positions of some of
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the first and second pluralities of work tools 32 and 32’,
for example by having a tapered body 65 that exists on
the main separator body 61, so that when each of the
plurality of work tools are placed in their closed position
(i.e. are stored within the housing 20), they contact an
associated portion of the tapered body 65, which may
prevent some of the first and second pluralities of work
tools 32 and 32’ from coming into contact with the main
separator body 61 . In an embodiment, the tapered body
65 may establish a different minimum angle for each of
the first and second pluralities of work tools 32 and 32’
with respect to the main separator body 61 when the first
and second pluralities of work tools 32 and 32’ are in their
closed position. Such a configuration may be useful, for
example, to facilitate a user’s selectively grasping one of
the first and second pluralities of work tools 32 and 32’.
In an embodiment, wherein the first and second plurali-
ties of work tools 32 and 32’ are of a progressively in-
creasing size both in cross section and in length, the ta-
pered body 65 may be configured to lift the shorter and
smaller of the first and second pluralities of work tools 32
and 32’ (i.e. work tool 32a of the first plurality of work
tools 32) to a greater nonzero angle with respect to the
main separator body 61 than the longer and larger of the
first and second pluralities of work tools 32 and 32’ (i.e.
work tool 32e of the first plurality of work tools 32), as is
shown in Figure 3.
[0022] Turning now to Figure 4, which shows the sep-
arator 60 in isolation, the tapered body 65 may be seen
in detail. As shown, the tapered body 65 may comprise
a plurality of elements, each of varying size and shape
to associate with at least some of the first and second
pluralities of work tools 32 and 32’. In an embodiment,
the separator 60 may be shaped to comprise the tapered
body 65, such that the tapered body 65 is integrally
formed on the main separator body 61. In another em-
bodiment, the tapered body 65 may be a separate com-
ponent mounted to the main separator body 61. In an
embodiment, the tapered body 65 may be a single mold-
ed element having portions 65a-e, each associated with
one of the work tools 32a-e. In another embodiment, each
portion 65a-e may be an individual body associated with
one of the work tools 32a-e. In an embodiment, one or
more of the portions 65a-e may be omitted. For example,
there is no portion 65e in the illustrated embodiment, as
work tool 32e is permitted to contact the main separator
body 61 in its closed position.
[0023] As seen in the illustrated embodiment, the sep-
arator 60 may be configured to identify each of the first
and second pluralities of work tools 32 and 32’. In such
embodiments, the identifying configuration may be of any
suitable form, including but not limited to etchings 68,
stickers or other applications. Such identifying marks
may be on any suitable portion of the separator 60, such
as on the main separator body 61. Such an identifying
configuration may be useful, for example when the first
and second pluralities of work tools 32 and 32’ is of var-
ying sizes or configurations, as described above. For ex-

ample, where each of the first and second pluralities of
work tools 32 and 32’ are of different sizes, each of the
etchings 68 on the separator 60 may indicate the size of
each tool in the first and second pluralities of work tools
32 and 32’. Likewise, where each of the first and second
pluralities of work tools 32 and 32’ are of a different type,
as is described below, the etchings 68 may describe the
type of each tool of the first and second pluralities of work
tools 32 and 32’ that is associated with each etching 68.
[0024] Seen in Figure 5 is a non-limiting example of
one of the first and second pluralities of work tools 32
and 32’, generically referred to as work tool 32n. Work
tool 32n may be representative of any of the work tools
32a-e or 32a’-c’ in the illustrated embodiments, or any
other work tool in non-illustrated embodiments. As
shown, work tool 32n is configured to pivot about pivot
axis 55, however work tool 32n may alternatively be con-
figured to pivot about pivot axis 55’, or any other pivot
axis of non-illustrated embodiments. The isolated work
tool 32n may be of any shape or configuration. As seen
in the illustrated embodiment, the work tool 32n is a hex
key. In other non-limiting embodiments, the work tool 32n
may be a screwdriver, a wrench, a spanner, a blade,
scissors, pliers, a saw, tweezers, a file, a corkscrew, a
nut driver, or so on. Additionally, the work tool 32n may
be of any appropriate size. In an embodiment the work
tool 32n may be formed from a single shaped piece of
metal having a straight portion 34, bent to form a curved
portion 36 around pivot axis 55, creating the receiving
hole 33 within which the support 50 may be inserted, and
around which the work tool 32n may pivot. In other em-
bodiments, the work tool 32n may be comprised of mul-
tiple bodies, such that, for example, the curved piece 36
is separate from yet is connected to the straight piece 34.
[0025] Figure 6 shows the work tool 32n as combined
with an associated non-limiting example of one of the
first or second set of lock engaging members 81’, ’, ge-
nerically referred to as lock engaging member 81 n. Lock
engaging member 81 n may be representative of any of
the lock engaging members 81 a-e or 81 a’-c’ in the il-
lustrated embodiments, or any other lock engaging mem-
ber in non-illustrated embodiments. As seen in the non-
limiting illustrated embodiment, the lock engaging mem-
ber 81 n may comprise a body portion 85 that may gen-
erally take a thin cylindrical shape have the receiving hole
83 at its center. Connected or integral to the body portion
85 may be a work tool engaging portion 86 of the lock
engaging member 81 n, that may be configured to at least
partially surround a portion of the associated work tool
32n, so that both the lock engaging member 81 n and
the work tool 32n may pivot about the pivot axis 55 in
unison. Alternatively, lock engaging member 81 n may
be configured to pivot about pivot axis 55’, or any other
pivot axis of non-illustrated embodiments. In the illustrat-
ed embodiment, the work tool engaging portion 86 sur-
rounds a portion of the straight piece 34 of the work tool
32n. In a non-illustrated embodiment, the lock engaging
member 81 n may alternatively be integral to the work
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tool 32n. In an embodiment wherein the curved piece 36
of the work tool 32n is separate from the straight piece
34 the curved piece 36 may comprise the lock engaging
member 81 n.
[0026] As seen, an edge of the body portion 85 of the
illustrated embodiment may be configured to comprise a
substantially arcuate portion 82, which may generally run
along a curvature that is a fixed radius away from the
pivoting axis 55. Along the substantially arcuate portion
82, there may be a plurality of indentations 84, including
illustrated indentations 84a-d. In an embodiment, inden-
tation 84a may be the same indentation 87n correspond-
ing to a stored position for the work tool 32n. Each in-
dentation 84 may be arcuate (e.g., concave) in shape,
and may correspond to a predetermined locked position.
For example, there may be the indentation 84a corre-
sponding to a fully stored locked position for the work
tool 32n. In an embodiment wherein the separator 60
comprises the tapered body 65, the position of the inden-
tation 84a corresponding to the fully stored locked posi-
tion may vary on the substantially arcuate portion 82 for
each work tool 32n, so that the lock member 90 may lock
when each work tool 32n is pivoted into its tapered fully
closed locked position. In an embodiment there may be
an indentation 84d corresponding to a fully extended
locked position. In an embodiment there may be inter-
mediate indentations 84b and 84c corresponding to in-
termediate extended positions for the work tool 32n. In
other non-illustrated embodiments there may be fewer
indentations than those listed, or there may be more in-
dentations corresponding to additional extended posi-
tions.
[0027] In an embodiment, each locked position is con-
figured to hold the work tool 32n to form a corresponding
nonzero angle between the housing 20 and the work tool
32n at the support 50. In an embodiment, the indentation
84d corresponding to a fully extended position may cor-
respond with the work tool 32n being locked to form a
180° angle with respect to the orientation of the housing
20. In various embodiments, each of the at least one
indentations 84 may correspond to any number of angles,
including but not limited to indentation 84b forming a 90°
angle with respect to the housing 20, and indentation 84c
forming a 135° angle with respect to the housing 20.
[0028] Depicted in isolation in the views of Figure 7 is
an embodiment of the lock member 90. In the illustrated
embodiment the lock member 90 is configured to lock
and unlock work tools 32a-c via their associated lock en-
gaging members 81 a-c. Like the first and second lock
members 90 and 90’ in the embodiments depicted above,
the lock member 90 of Figure 7 may be of any construc-
tion or configuration, including metal, wood, plastic, or
combinations thereof. As seen in the illustrated embod-
iment, the lock member 90 may comprise a generally
cylindrical body. In an embodiment, the lock member 90
may be characterized as a lock pin. In an embodiment,
the lock member 90 may be configured to be movable
between a respective first position and a second position.

In an embodiment, the movement of the lock member 90
may be along the first lock axis 95.
[0029] As seen in the illustrated embodiment, the lock
member 90 may have a plurality of circumferential
grooves 92, individually 92a, 92b, and 92c. The plurality
of circumferential grooves 92 may be spaced to corre-
spond with each lock engaging members 81 n associated
with each work tools 32n, as they are assembled on the
support 50. In an embodiment, the lock member 90 and
the circumferential grooves 92 thereof may be formed
from an integrally molded structure. In another embodi-
ment, grooves 92 are formed from the removal of toroid
shaped portions from a solid generally cylindrical shape
forming the lock member 90. In another embodiment, the
lock member 90 may be formed by assembling a plurality
of cylindrical bodies having a larger radius, interspersed
by another plurality of cylindrical bodies having a smaller
radius. In an embodiment, each of the circumferential
grooves 92 may define a groove width 94. In an embod-
iment, the groove width 94 may correspond to a width of
the substantially arcuate portion 82 of the lock engaging
member 81 n. In an embodiment, the groove width 94
may be no smaller than the width of the substantially
arcuate portion 82.
[0030] In an embodiment, a difference between the
larger and smaller radius formed in the circumferential
grooves 92 may define a groove depth 96. In an embod-
iment, the groove depth 96 may correspond to the shape
of each of the indentations 84 (i.e. indentations 84a-d) in
the lock engaging member 81 n. As a non-limiting exam-
ple, where each of the indentations 84 comprises an arc
length corresponding to a predefined radius, the prede-
fined radius may approximate the larger radius of the lock
member 90. In an embodiment, the distance of the sub-
stantially arcuate portion 82 away from the pivot axis 55,
the distance of the lock axis 95 away from the pivot axis
55, the radius of the arc length of the indentations 84,
and the larger and smaller radiuses of the lock member
90 may be configured so that the lock engaging member
81 n may pivot about the pivot axis 55 through the cir-
cumferential groove 92 when the circumferential groove
92 is aligned with the substantially arcuate portion 82,
while the lock member 90 may axially move between the
first and second positions when the lock engaging mem-
ber 81 n has pivoted such that one of the indentations
84 is positioned to face the lock member 90.
[0031] An example of this configuration may be seen
in Figure 8, which shows an isolated view of an embod-
iment of the lock assembly 70 of the present invention,
having the work tools 32a-c and their associated lock
engaging members 81 a-c, configured to pivot around
the pivot axis 55. Also seen in this view is the lock member
90 of Figure 7 that is configured to be movable between
the first position and the second position on the lock axis
95. Although not depicted in the illustrated embodiment,
such movement may be accomplished by depressing the
push button 100 against the bias from the bias member
110, as is described above. As the illustrated embodi-
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ment shows, the lock axis 95 may be spaced from its
associated pivot axis 55, so that the lock member 90 may
engage with the substantially arcuate portion 82 of each
of the lock engaging members 81 a-c, and the associated
indentations 84a-d. In an embodiment, the lock member
90 does not apply an axial force to the lock engaging
members 81 n (i.e. the lock engaging members 81a-c)
at the pivot axis 55. In this context, an axial force at the
pivot axis 55 is defined as a force applied by a body at
the pivot axis around which the other bodies are pivoting.
For example, in this case, there is no force on the lock
engaging members 81 a-c applied by the support 50. In
analogy, the lock member 90 is spaced from the through
the support 50 at the pivot axis 55.
[0032] When the lock member 90 is in the first position
(i.e. the locked position), it engages the lock engaging
members 81a-c at one of the indentations 84, such as
the indentations corresponding to a fully stored position
84a. In this position, the lock member 90 may inhibit the
lock engaging members 81a-c and their associated work
tools 32a-c from pivoting about the support 50. For ex-
ample, the indentations 84a-d on the lock engaging mem-
bers 81 a-c may be configured to correspond to a radius
of the lock member 90 outside of the circumferential
grooves 92. In this configuration, the lock engaging mem-
bers 81a-c may be unable to pivot about the support 50
due to the interference between the substantially arcuate
portion 82 and the larger radius of the lock member 90
outside of the circumferential grooves 92.
[0033] As is shown in Figure 9, when the lock member
90 is moved axially along the lock axis 95 into the second
position (i.e. the unlocked position), for example by de-
pression of the push button 110 as described above, the
lock member 90 may be configured to disengage the lock
engaging members 81 a-c so that the lock engaging
members 81 a-c and their associated work tools 32a-c
may pivot about the support 50. For example, the axial
position on the lock axis 95 when the lock member 90 is
in the second position may correspond to the circumfer-
ential grooves 92a-c being aligned with the substantially
arcuate portions 82 of the lock engaging members 81 a-
c, so that the substantially arcuate portions 82 may pivot
around the support 50, through the circumferential
groove 92, without interference by the lock member 90.
In an embodiment, the lock member 90 may be unable
to return to the first position on the lock axis 95 while any
of the lock engaging members 81a-c are pivoting through
the circumferential grooves 92, and may only be able to
return to the first position when all lock engaging mem-
bers 81 a-c have pivoted so that one of the associated
indentations 84a-d of each of the lock engaging members
81 a-c has pivoted to face the circumferential grooves 91
a-c of lock member 90.Although the invention has been
described in detail for the purpose of illustration based
on what is currently considered to be the most practical
and preferred embodiments, it is to be understood that
such detail is solely for that purpose and that the invention
is not limited to the disclosed embodiments, but, on the

contrary, is intended to cover modifications and equiva-
lent arrangements that are within the spirit and scope of
the appended claims. For example, it is to be understood
that the present invention contemplates that, to the extent
possible, one or more features of any embodiment can
be combined with one or more features of any other em-
bodiment.

Claims

1. A folding tool comprising:

a housing having a pair of sidewalls in spaced
relation to each other;
a support extending transversely between the
pair of sidewalls;
a plurality of work tools pivotally supported by
the support, the support defining a pivot axis for
the work tools, each work tool having an asso-
ciated lock engaging member; and
a lock member movable between a first position
and a second position, wherein when the lock
member is in the first position, it engages the
lock engaging members so that the work tools
are inhibited from pivoting about the support,
and wherein when the lock member is in the sec-
ond position, it disengages the lock engaging
member so that the work tools are pivotable
about the support;
wherein the lock member is axially movable
along an axis that is spaced from the pivot axis.

2. The folding tool of claim 1, wherein the lock member
does not apply an axial force to the lock engaging
members.

3. The folding tool of claim 1, wherein an axial force
applied to the work tools is substantially constant
regardless of whether the lock member is in the first
position or the second position

4. The folding tool of claim 1, further comprising:

a second support extending transversely be-
tween the pair of sidewalls; a second lock mem-
ber movable between a first position and a sec-
ond position;
wherein the plurality of work tools and associat-
ed lock engaging members are distributed be-
tween being pivotable about the support and be-
ing pivotable about the second support; the sec-
ond support defining a second pivot axis for the
work tools that are configured to pivot about the
second support; wherein when the second lock
member is in the first position, it engages the
lock engaging members so that each of the work
tools that are pivotable about the second support
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are inhibited from pivoting about the second sup-
port, and wherein when the lock member is in
the second position, it disengages the lock en-
gaging members so that the work tools that are
pivotable about the second support are pivota-
ble about the second support; and
wherein the second lock member is axially mov-
able about an axis that is spaced from the sec-
ond pivot axis.

5. The folding tool of claim 4 wherein the second lock
member does not apply an axial force to the lock
engaging members.

6. The folding tool of claim 4 wherein an axial force
between the work tools is substantially constant re-
gardless of whether the second lock member is in
the first position or the second position.

7. The folding tool of claim 1, wherein each of the plu-
rality of work tools are selected from the group con-
sisting of: a hex key, a screwdriver, a wrench, a span-
ner, a blade, scissors, pliers, a saw, tweezers, a file,
a corkscrew, and a nut driver.

8. The folding tool of claim 1, further comprising a bias
member configured to bias the lock member to the
first position.

9. The folding tool of claim 8, wherein the bias member
comprises a spring.

10. The folding tool of claim 9, further comprising a push
button at an end of the lock member, wherein the
bias member is located at an end of the lock member
opposite to the push button, wherein pressing the
push button causes a compression of the spring.

11. The folding tool of claim 1, wherein each of the lock
engaging members have a plurality of locked posi-
tions configured to hold the work tool to form a cor-
responding nonzero angle between the housing and
the work tool at the support.

12. The folding tool of claim 11, wherein each of the lock
engaging members comprises a substantially arcu-
ate portion having at least one indentation, each in-
dentation configured to correspond to one of the plu-
rality of locked positions.

13. The folding tool of claim 12, wherein the lock member
comprises a cylindrical body having a plurality of cir-
cumferential grooves, wherein each of the circum-
ferential grooves are configured to align with the sub-
stantially arcuate portion of a corresponding one of
the lock engaging members when the lock member
is in the second position, permitting the lock engag-
ing member to pivot about the support by pivoting

through the circumferential groove.

14. The folding tool of claim 13, wherein each indentation
of each lock engaging member is configured to per-
mit the lock member to move between the first posi-
tion and the second position, locking the lock engag-
ing member in a corresponding one of the plurality
of locked positions when the lock member is in the
first position.

15. The folding tool of claim 1, wherein the lock assembly
is configured to selectively lock the plurality of work
tools at a plurality of associated angles with respect
to the housing.

16. The folding tool of claim 15, wherein the plurality of
associated angles comprises one or more of 90 de-
grees, 135 degrees and 180 degrees.

17. The folding tool of claim 1, further comprising a sep-
arator configured to lift some of the plurality of work
tools to different orientations when the plurality of
work tools are stored within the housing.

18. The folding tool of claim 17, wherein the separator
is configured to establish a plurality of minimum an-
gles that the plurality of work tools may form with the
housing at the support.

19. The folding tool of claim 18, wherein the separator
is configured to extend between the pair of sidewalls.

20. The folding tool of claim 18, wherein the separator
is configured to lift smaller ones of the plurality of
work tools to a greater minimum angle with respect
to the housing than larger ones of the plurality of
work tools.
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