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COMBINATION LOCK

TECHNICAL FIELD
The present disclosure generally relates to a combination lock and more particularly, but

not exclusively, to a combination lock with a unique locking and reset mechanism.

BACKGROUND
Combination locks typically include one or more rotatable dials operably coupled to an
internal locking mechanism. Combination locks may have unlocking assemblies with a reset
mechanism to change the lock combination. However, some existing systems have various
shortcomings relative to certain applications. Accordingly, there remains a need for further

contributions in this area of technology.

SUMMARY
One embodiment of the present disclosure includes a combination lock with an internal
multiplier link connected between a spindle and a locking bolt. Other embodiments include
apparatuses, systems, devices, hardware and methods for a combination lock having a unique
reset mechanism and/or a unique tactile feedback mechanism. Further embodiments, forms,
features, aspects, benefits, and advantages of the present application shall become apparent from

the description and figures provided herewith.

BRIEF DESCRIPTION OF THE FIGURES

The description herein makes reference to the accompanying drawings wherein like
reference numerals refer to like parts throughout the several views, and wherein:

FIG. 1 is a cross-sectional view of a lock apparatus in a locked position according to one
embodiment of the present disclosure;

FIG. 2 1s an enlarged cross-sectional view of a portion of the lock apparatus of FIG. 1,

FIG. 3 is a cross-sectional view of the lock apparatus of FIG. 1 in an unlocked position;

FIG. 4 is a perspective view of a portion of the lock apparatus of FIG. 1 illustrating outer
dials assembled onto a spindle;

FIG. 5 is a perspective view of a spindle;
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FIG. 6 is a cross-sectional view of FIG. 4 illustrating an outer dial, an inner dial and a
spindle;

FIG. 7 cross-sectional view of a portion of the lock apparatus of FIG. 1 showing a reset
mechanism according to one embodiment of the present disclosure;

FIG. 8 is a perspective view of a portion of the lock reset mechanism;

FIG. 9is a perspective view of a lock reset housing according to one embodiment of the
present disclosure;

FIG. 10 is a perspective view of a lock reset cam according to one embodiment of the
present disclosure;

FIG. 11 is a perspective view of a portion of the reset mechanism of FIG. 7 showing a
reset plate, inner dials, and a reset cam assembled to a spindle;

FIG. 12 is a perspective view of FIG. 11 with the inner dials removed,

FIG. 13 is a perspective view of the reset plate;

FIG. 14 cross-sectional view of a portion of the lock apparatus of FIG. 1 showing a reset
mechanism according to another embodiment of the present disclosure;

FIG. 15 is a perspective view of a lock reset housing for the lock reset mechanism of
FIG. 14;

FIG. 16 is a perspective view of a lock reset cam for the lock reset mechanism of FIG.
14;

FIG. 17 is a cross-sectional view of a portion of a lock apparatus having a tactile feel

mechanism according to one embodiment of the present disclosure;

FIG. 18 is a perspective view of a portion of the tactile feel mechanism of FIG. 17,

FIG. 19 is a perspective view of an outer dial with a detent ring for the tactile feel
mechanism of FIG. 17,

FIG. 20 is a dial spacer for the tactile feel mechanism of FIG. 17,

FIG. 21 is a perspective view of a leaf spring for the tactile feel mechanism of FIG. 17,

FIG. 22 is a perspective view of a portion of a lock apparatus having a tactile feel
mechanism according to another embodiment of the present disclosure;

FIG. 23 is a perspective view of an outer dial with a detent ring for the tactile feel
mechanism of FIG. 22;

FIG. 24 is a perspective dial spacer for the tactile feel mechanism of FIG. 22;



FIG. 25 is a cross-sectional view of a lock apparatus in a locked position according to
another embodiment of the present disclosure; and
FIG. 26 is a cross-sectional view of the lock apparatus of FIG. 25 in an unlocked

position.

DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For purposes of promoting an understanding of the principles of the invention, reference
will now be made to the embodiments illustrated in the drawings and specific language will be
used to describe the same. It will nevertheless be understood that no limitation of the scope of
the invention is thereby intended, such alterations and further modifications in the illustrated
device, and such further applications of the principles of the invention as illustrated therein being
contemplated as would normally occur to one skilled in the art to which the invention relates.

Referring now to FIGS. 1-3, a lock apparatus 10 is illustrated in cross-sectional form.
The lock apparatus 10 includes an outer lock housing 12 configured to contain internal
components of the lock apparatus 10. A locking link 14 is removably connected to the housing
12. When the locking link 14 is in a locked position, the locking link 14 is prevented from
disengaging from the housing 12. When the lock apparatus 10 is unlocked through a lock
mechanism 22, the locking link 14 can be detached from the housing 12.

A fixed link 16 can be permanently connected to the housing 12. In one form the fixed
link 16 can be coupled to an anchor support 18 positioned proximate a first end 20 of the housing
12. The locking link 14 and fixed link 16 may be connected together via a flexible member 15
such as a chain or cable or the like. The lock mechanism 22 can be positioned proximate a
second end 24 of the housing 12. The lock mechanism 22 includes a plurality of outer dials 26
that can include a plurality of segments with numbers, letters or graphics so that a combination
code may be set. When the outer dials 26 are set to the correct combination code, the lock
mechanism 22 will release the locking link 14 from the housing 12. The lock mechanism 22
includes a plurality of inner dials 28 operable with the outer dials 26 so as to permit unlocking of
the lock apparatus 10. The operation of the lock mechanism 22 is described in detail below.

A pull knob 30 is constructed proximate the second end 24 of the housing 12 such that
when the outer dials 26 are set to the correct combination, the pull knob 30 may be pulled

outward (in the direction of arrows 101 (FIG. 2)) from the lock housing 12. Movement of the
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pull knob 30 from the locked position (FIG. 1) to the unlocked position (FIG. 3) will cause
certain connected components to move from a locked orientation to an unlocked orientation. A
spindle 32 is operably connected between the pull knob 30 and a multiplier link 48. The
multiplier link 48 in turn is engaged between the spindle 32 and a locking bolt 34. The
multiplier link 48 is designed to provide mechanical advantage relative to the force and distance
required to move the pull knob 30 and unlock the lock apparatus 10. In one form, the ratio of the
travel distance of the locking bolt 34 to the travel distance of the pull knob 30isupto3to 1. In
other forms the distance ratio due to the multiplier link 48 can be greater than three to one.

The locking bolt 34 includes a bolt head 36 that can engage within a channel 38 formed
in the anchor support 18 when the locking bolt 34 is in a locked position. The locking link 14
includes a bolt receiver 40 configured to extend into the lock housing 12. The bolt receiver 40
includes a bolt aperture 42 for the locking bolt 34 to engage therethrough and prevent the locking
link 14 from being removed from the housing 12 when in a locked position.

The multiplier link 48 includes a multiplier link body 50 positioned between engagement
portions 44a, 44b of the spindle 32 proximate the first end 31 of the spindle 32. The multiplier
link body 50 includes a bulbous cross-section with arcuate surface portions 46 so as to permit
variable contact lines with the engagement portions 44a, 44b of the spindle 32 as the multiplier
link 48 pivots during locking and unlocking movement. The multiplier link body 50 necks down
to a smaller multiplier link head 52 that extends into a bolt slot 60 formed within the locking bolt
34. The multiplier link head 52 of the multiplier link 48 also includes arcuate outer surfaces 47
designed to provide a smooth continuous cam-like actuation engagement with the locking bolt 34
as the multiplier link 48 pivots through an operating range of angles. The multiplier link 48
pivots about a pivot 54 when the spindle 32 is moved in the direction of the arrows 101 during an
unlocking sequence and opposite of the arrows 101 in a locking sequence. When the spindle 32
moves toward the second end 24 the lock housing 12 in the direction of arrows 101, the
multiplier link 48 will pivot clockwise about the pivot 54 causing the multiplier link head 52 to
generate a force into the locking bolt 34 through the bolt slot 60. The locking bolt 34 will retract
out the bolt locking aperture 42 of the bolt receiver 40 and slide into a bolt cylinder 70 in an
unlocked position as shown in FIG. 3.

A lock reset mechanism 100 is operable for permitting a lock combination to be reset to a

different combination. The reset mechanism 100 includes bias member 80 disposed between a
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reset plate 90 and a portion of the housing 12. The bias member 80 is operable to urge the reset
plate 90 in the direction of arrows 101. Operation of the reset mechanism 100 will be further
described below.

Referring now to FIGS. 4-6, portions of the lock apparatus 10 is further described.
Referring specifically to FIG. 4 a plurality of outer dials 26 can be engaged about a plurality of
corresponding inner dials 28 and assembled onto a spindle 32. The spindle 32 includes a
plurality of first lock tabs 35a and a plurality of second lock tabs 35b each positioned
intermittently along a length of the spindle 32 between the first and second ends 31 and 33. In
some forms, the first lock tabs 35a can have a different size and/or shape than the second lock
tabs 35b. A lock tab channel 39 (FIG. 5) is formed between adjacent pairs of both the first lock
tabs 35a and the second lock tabs 35b. Referring more particularly to FIG. 6, each outer dial 26
includes a plurality of detents 41 intermittently formed around an inner portion thereof. Each
inner dial 28 includes a plurality of protrusions 43 intermittently formed on an outer portion
thereof. In certain orientations of the inner and outer dials 28, 26, one or more detents 41 of each
outer dial 26 can selectively engage with one or more of protrusions 43 of a corresponding inner
dial 28. Each inner dial 28 includes an inner circular rim 37, with a first lock slot 37a and a
second lock slot 37b formed therein. The first and second lock slots 37a, 37b are configured to
correspond with a size and shape of the first lock tabs 35a and second lock tabs 35b of the
spindle 32, respectively. During operation, the inner dials 28 are axially positioned so that the
inner rim 37 can rotate around the spindle 32 and through a corresponding lock tab channel 39
between adjacent lock tabs 35a and 35b. In the event of an attempt to actuate the pull knob 30
without the correct combination being set, the inner rim 37 will engage with the protruding lock
tabs 35a, 35b and prevent the spindle 32 from moving axially and unlocking the lock apparatus
10. When the outer dials 26 are rotated to the correct combination, the inner dials 28 are rotated
therewith such that the first lock slot 37a and second lock slot 37b of the inner dials 28 are
circumferentially aligned with the first lock tabs 35a and the second lock tabs 35b of the spindle
32, respectively. In this orientation the first and second lock tabs 35a, 35b of the spindle 32 can
slide in axial direction through the lock slots 37a, 37b such that the locking bolt 34 will
disengage from the bolt receiver 40 and permit release of the locking link 14 (see FIG. 3).

Referring now to FIGS. 7-13, the lock rest mechanism 100 is disclosed according to one

embodiment of the present disclosure. The lock reset mechanism 100 includes a reset housing
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110 with a reset cam 130 rotatably disposed therein. The lock reset housing 110 can include a
circular body 112 having a first side 114 and an opposing second side 116. A reset knob 118
extends from an outer perimeter wall 120 of the body 112. At least one spiral slot 122 is formed
through the outer wall 120 of the body 112. In some forms two or more spiral slots 122 may be
formed with the lock reset housing 110. The spiral slot 122 extends between a first end 123 and
a second end 125. The spiral slot 122 traverses from a point in the vicinity of the first side 114
toward the second side 116 of the body as the spiral slot 122 traverses between the first and
second ends 123, 125.

The reset cam 130 includes a circular cam body 132 having first and second opposing
sides 134, 136, respectively. One or more posts 138 extend from an outer wall 140 of the
circular cam body 132. The one or more posts 138 of the reset cam 130 are shaped and
configured to slidingly engage within a corresponding spiral slot 122 of the reset housing 110.
The reset cam 130 is assembled within the reset housing 110 such that the reset cam 130 is
axially slidable with respect to the reset housing 110. In the operation, the reset knob 118 can be
actuated or otherwise moved between first and second position which causes the reset housing
110 to rotated about the reset cam 130 within the lock housing 12. As the reset housing 110 is
rotated, the posts 138 of the reset cam 130 will follow along a length of the one or more spiral
slots 122 which in turn cause the reset cam 130 to move in an axial direction either with or
opposite of the direction arrows 101 (FIG. 2) depending on the direction of rotation of the reset
housing 110. The reset cam 130 can include a spindle engagement region 142 formed with an
interior portion 144 of the cam body 132. The engagement region 142 permits sliding
engagement with the spindle 32 along a longitudinal axial direction when the reset housing 110
is rotated.

Referring now more specifically to FIGS. 11-13, perspective views of portions of the
lock reset mechanism 100 are illustrated. FIG. 11 shows the spindle 32, a reset plate 90, inner
dials 28 and a reset cam 130 in perspective view. FIG. 12 shows a portion of the lock reset
mechanism 100 with the inner dials 28 removed to more clearly show the reset plate 90
positioned within a groove 143 formed in the spindle 32 therein. FIG. 13 depicts a perspective
view of the reset plate 90. The reset plate 90 includes an elongated slat 92 extending between a
reset plate head 94 and a reset plate end guide 96. The reset plate 90 is slidingly coupled with
the spindle 32. The head 94 of the reset plate 90 encompasses the spindle 32 while the elongated
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slat 92 slidingly engages the spindle 32 within a plate groove 143 defined along a longitudinal
length of the spindle 32 between the first and second ends 31, 33 respectively. The head 94 of
the reset plate 90 includes an inner profile 99 configured to permit sliding engagement with
spindle 32 along a length thereof.

The end guide 96 of the reset plate 90 also includes an inner profile 98 substantially
conforming to an outer profile 145 formed along a portion of the spindle 32. The inner profile
98 of the end guide 96 permits sliding movement along the outer profile 145 of the spindle 32 in
an axial direction while preventing separation of the end guide 96 and spindle 32 in a transverse
direction. The inner dials 28 are positioned on the reset plate 90 such that the head 94 and the
end guide 96 are located and engaged with the outer extremes of the distal inner dials 28a and
28b. In this manner, the inner dials 28 are “trapped” axially between the head 94 and the end
guide 96. When the reset plate 90 is moved axially along the groove 143 in the spindle 32, the
inner dials 28 will likewise move axially with the reset plate 90. When the inner dials 28 are
moved axially such that the protrusions 43 of the inner dials 28 are no longer engaged with the
detents 41 of the outer dials 26, the outer dials 26 can be freely rotated without rotatingly driving
the inner dials 28 and thus the lock combination can be reset to a new opening combination.

In operation, the outer dials 26 are rotated to the correct combination which permits the
pull knob 30 to be moved in the direction of arrows 101 and exposing reset knob 118. The reset
knob 118 can then be rotated causing the reset cam 130 to move axially opposite of arrows 101
and move the reset plate 90 and in turn the inner dials 28 out of engagement with outer dials 26.
The outer dials 26 can then be freely rotated to a new combination and the reset knob 118 is then
rotated back in the opposite direction permitting the reset plate 90 to move back to the original
position under the urging of the bias member 80 (FIG. 1). In this position the inner dials 28 are
once again in working engagement with the outer dials 26 and a new combination is set.

Referring now to FIGS. 14-16, another lock reset mechanism 200 is illustrated according
to an alternate embodiment of the present disclosure. The operation of the lock reset mechanism
200 is similar to the lock reset mechanism 100. FIG. 14 shows the lock reset mechanism 200 in
cross-sectional form. The lock reset mechanism 200 includes a pull knob 30, similar to the pull
knob in other embodiments. FIG. 15 shows a perspective of an alternate reset housing 210 and

FIG. 16 depicts an alternate reset cam 230.
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The reset housing 210 is positioned internal to the pull knob 30 when the pull knob 30 is

in a closed or locked position. A reset knob 218 of the reset housing 210 is accessible when the

Ta
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correct combination to unlock the lock apparatus 10 is set by the outer dials 26 (FIG. 4) and the
pull knob 30 is moved to an open position as previously described. The reset housing 210
includes a substantially circular body 212 defined by an outer perimeter wall 214 and an inner
wall 216 extending between a first side wall 220 and a second side wall 222. A spiral ramp 226
extends from the inner wall 216 in a manner that progressively moves closer to one side 220 or
222 between distal ends of the ramp 226. The spiral ramp 226 can include one or more tab
recess features 224 formed therein to define locations for the cam 230 to releasably engage
therewith and provide indication of a reset location.

Referring now to FIG. 16, the cam 230 can include an outer wall 232 which is positioned
internal to the inner wall 216 of the reset housing 210 (FIG. 15). The outer wall 232 extends
between a first and second side wall 240, 242, respectively. A spindle engagement region 234
formed proximate an inside diameter of the cam 230 is configured to slidingly engage with the
spindle 32 (FIG. 11) along a longitudinal axial direction when the reset housing 210 is rotated.
The cam 230 can include one or more cam tabs 238 extending from the first side wall 240 of the
cam 230. The one or more cam tabs 238 of the cam 230 will slidingly engage with the spiral
ramp 226 (FIG. 15) such that as the reset knob 218 is actuated the cam 230 will move in the axial
direction either towards or away from the pull knob 30 (FIG. 4) depending upon the direction of
rotation of the reset housing 210 (FIG. 15). When the cam 230 moves in an opposite direction to
that of arrows 101 (FIG. 2) the reset plate 90 (see FIGS. 12 and 13) will be moved in an axial
direction causing the inner dials 28 to move and disengage from the outer dials 26 as described
with the previous combination reset mechanism 100. In this configuration, the outer dials 26
(FIG. 4) can be set to any desired combination and when the reset knob 218 is rotated back to the
initial position, the inner dials 28 (FIG. 11) will then be moved back into engagement with the
outer dials 26 causing the new combination to be set.

Referring now to FIGS. 17-21, a feel spacer mechanism 300 according to one
embodiment is illustrated therein. FIG. 17 illustrates a portion of the feel spacer mechanism 300
section wherein a dial spacer 320 and a leaf spring 310 are positioned adjacent each of the outer
dials 26. FIG. 18 shows an enlarged perspective partial cut-away view of a portion of the lock
housing 12. An outer dial 26 is positioned adjacent a dial spacer 320 with a leaf spring 310
assembled therewith. FIGS. 19-21 illustrate perspective views of an outer dial 26, a dial spacer

320 and a leaf spring 310 respectively. The dial spacer 320 is defined by a ring 321 having an
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arcuate inner wall 322 and an arcuate outer wall 323. The dial spacer 320 includes a spring
holding slot 324 formed in a portion of the inner wall 322. The spring holding slot 324 includes
angled end walls 326 configured to hold a leaf spring 310 in a fixed position relative to the dial
spacer 320. The dial spacer 320 can also include one or more anti-rotation ears 328 to lockingly
engage with an ear receiving slot 329 (FIG. 18) formed with the lock housing 12.

Each outer dial 26 can include a detent ring 330 (FIG. 19) extending from a side wall 331
of the outer dial 26. The detent ring 330 includes a plurality of outer detents 332 formed in an
outer perimeter wall 333 thereof. In this form, the detent ring 330 can also include a plurality of
inner detents 334 configured to engage with the protrusions 43 (FIGS. 6, 11) of the inner dials 28
as described previously. The leaf spring 310 includes an arcuate region 3 16 formed between first
and second end legs 312, 314, respectively extending in opposite directions. The first and
second legs 312, 314, can be inserted into the spring holding slot 324 of the dial spacer 320 such
that the angled end walls 326 partially overlap a portion of the first and second legs 312, 314.
The slot 324 and the angled end walls 326 prevent the leat spring 310 from moving radially
inward or outward relative to the dial spacer 320. The sidewalls 331 of the outer dials 26 will
restrict axial movement of the leaf springs 310 in an assembled configuration.

The feel spacer mechanism 300 operates to provide feedback in a form of an additional
rotational resistance transmitted through to the outer dial 26 when the arcuate detent 316 of the
leaf spring 310 is engaged with one of the outer detents 332 in the detent ring 330. Each detent
332 corresponds to a number, letter or other graphic on the outer dial 26. As the outer dial 26 is
rotated, the detent ring 330 will rotate across the arcuate detent engagement region 316 of the
leaf spring 310, which will generate haptic feedback in the form of variable rotational resistance.
The rotational resistance is lower when the arcuate detent engagement region 316 is between
adjacent detents 332 in the wall 333 of the detent ring 330. In this manner, the outer dial 26 can
be located in an orientation that is positively located on a desired number and not partially
between two numbers which would prevent unlocking of the lock 10.

Referring now to FIGS. 22-24, a feel spacer mechanism 400 according to another
embodiment is illustrated therein. FIG. 22 illustrates the spindle 32 with a spacer 410 positioned
proximate one end thereof. The spacer 410 shown in FIG. 24 includes an arcuate inner wall 412
engageable about the spindle 32 and an opposing outer perimeter wall 414, The spacer 410

includes a first side wall 416 and an opposing second side wall 418 extending between the inner
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wall 412 and the outer wall 414. The first side wall 416 of the spacer 410 can include one or
more bump elements 420 protruding in axial direction (along a longitudinal axis of the spindle
32) away from the first side wall 416. A first slot 422 and a second slot 423 can be formed in the
inner wall 412 between the bump elements 420. A first outer extension 430 can extend from the
outer perimeter wall 414 and can include an arcuate overhang 432 projecting axially away from
the first side 416 of the spacer 410. An opening 434 can be formed between the first outer
extension 430 and the outer perimeter wall 414. A second overhang wall 442 including an outer
extension 440 projecting from the outer perimeter wall 414 can be formed opposite of the first
outer extension 430.

Referring more particularly to FIG. 23, the outer dial 26 can include a detent ring 450
extending from a side wall 451 thereof. The detent ring 450 can include a plurality of
protrusions 454 extending radially inward from an inner rim 452 of the detent ring 450. A
plurality of detent regions 456 is formed between each of the plurality of adjacent protrusions
454, In operation when the outer dial 26 is rotated, the one or more bump elements 420 (FIG.
24) of the spacer 410 will engage with detent ring 450 such that the positive tactile feedback is
transmitted through the outer dial 26 as the bump elements 420 generate greater resistance to
rotation when located in a detent region 456. Each detent region 456 corresponds to a number on
the outer dial 26. The outer dial 26 transmits a lower rotational resistance when located in a
position that is partially between two numbers on the outer dial 26. In this manner, the outer dial
26 can be located in an orientation that is positively on desired number due to tactile feedback
transmitted by interaction between the feel spacer 410 and the outer dial 26.

Referring now to FIGS. 25 and 26, cross-sectional views of an alternate lock apparatus
500 is illustrated in a locked configuration and an unlocked configuration respectively. The lock
apparatus 500 can be similar to the lock apparatus 10 in certain aspects such as by way of
example, having reset mechanisms and tactile feel mechanisms as described above. The lock
apparatus 500 includes a housing 501 having a first end 503 and a second end 505. A fixed link
502 is coupled to the housing proximate the first end 503 of the housing 501. A locking link 504
is releasably locked to the housing 501 proximate the second end 505 of the housing 501. In this
embodiment, the fixed link 502 and the locking link 504 extend outward on opposite sides of the
housing 501. The lock apparatus 500 includes a pull knob 506 connected to a spindle 508 in

similar fashion to that of previously disclosed embodiments. When the correct combination is

10
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set with the outer dials 526, the pull knob 506 can be actuated by pulling the pull knob 506 in an
axial direction defined by an arrow 509. A link slot 510 is formed in the spindle 508 proximate
at a distal end opposite of the pull knob 5006.

A multiplier link 512 is pivotably connected to the housing 501 through a pivot 518. The
multiplier link 512 is connected to the link slot 510 of spindle slot 508 with a first leg 514
extending from the pivot 518. The multiplier link 512 includes a second leg 516 extending from
the pivot 518 in a different direction from the first leg 514. The distance between the pivot 518
and the second leg 516 is greater than a distance between the pivot 518 and the first leg 514. A
locking bolt 520 extends between a first end 524 and a second end 528 in a direction that is
substantially perpendicular to the longitudinal axis of the spindle S08. The locking bolt 520
includes a connection joint 527 configured to receive and connect with the second leg 516 of the
multiplier link 512. The multiplier link 512 is designed to provide mechanical advantage to the
pull knob 506 such that a distance that the locking bolt 520 is greater than the distance that the
pull knob 506 and spindle 508 moves. In some forms the ratio of distance traveled by the
locking bolt 520 relative to the pull knob 506 can be up to three to one or even greater. The
locking bolt 520 includes a bolt head 522 proximate the first end 524 thereof. The locking bolt
520 engages through a bolt receiver 530 formed with the locking link 504 in a locked
configuration. In some forms the bolt head 522 of the locking bolt 520 can engage with a
receiving channel 523 formed in the housing 501.

FIG. 26 illustrates the alternate locking apparatus 500 in an unlocked orientation after the
correct combination has been set with the outer dials 526. The pull knob 506 can be moved in a
first direction defined by arrow 509 (FIG. 25) causing the spindle 508 to move in the same
direction and rotate the multiplier link 512 in a counter clockwise direction relative to the pivot
518. The locking bolt 520 is driven upward by the rotation of the multiplier link 512 so as to
disengage the locking bolt 520 from the bolt receiver 530 and unlock the locking link 504 from
the lock housing 501.

In one aspect the present disclosure includes combination lock comprising a housing
configured to lockingly receive a locking link; a plurality of outer dials; a plurality of inner dials,
each of the inner dials selectively coupled to a corresponding outer dial; a spindle positioned
radially internal to the inner dials; a multiplier link pivotably connected to the spindle; and a

locking bolt having a slot configured to receive a portion of the multiplier link.
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Refining aspects include a pull knob connected to the spindle; wherein the pull knob is
movable between a first position and a second position corresponding to a locked and unlocked
position, respectively; wherein the multiplier link includes a body portion engaged within an
abutment region formed with the spindle; wherein the multiplier link includes a head extending
from the body, the head configured to engage within the slot of the locking bolt; an anchor
support positioned within the housing; wherein the anchor support permanently couples a fixed
link to the housing; wherein the anchor support includes a channel operable to receive a portion
of the locking bolt in a locked position; including a lock reset mechanism comprising a reset
plate slidably engageable with an elongate longitudinal slot formed in the spindle and configured
to hold the inner dials between a head and an end guide; a rotatable reset housing positioned
proximate one end of the spindle; and a reset cam positioned within the reset housing, the reset
cam configured to move the reset plate and inner dials in a axial direction to a reset position
when the reset housing is rotated from a first position to a second position.

Another aspect of the present disclosure includes a housing configured to support a
plurality of outer dials; a plurality of inner dials, each of the inner dials selectively coupled to a
corresponding outer dial; a spindle engaged with the inner dials; a dial spacer positioned adjacent
an outer dial; and a tactile feedback mechanism defined between the dial spacer and the outer
dial.

Another refining aspect, the spacer includes a spring holding slot with angled end walls
to hold the first and second end legs in a fixed radial location, wherein tactile feedback
mechanism includes a detent ring extending from a side of the outer dial, a plurality of detents
formed around an outer wall of the detent ring; and wherein the arcuate region of the spring is
engaged with the detent ring; wherein the tactile feedback mechanism includes one or more
bump elements extending from a sidewall of the spacer; wherein the outer dial incudes a detent
ring extending from a side thereof, a plurality of protrusions projecting radially inward from an
inner rim of the detent ring; and a detent region formed between each adjacent pair of
protrusions; and wherein the one or more bump elements of the spacer is engaged with the detent
ring of the outer dial.

Another aspect of the present disclosure includes a housing configured to releasably lock
a locking link; a plurality of outer dials rotatably connected to the housing; a spindle disposed

internal to the outer dials; a reset plate slidably engaged with the spindle; a plate head and an end
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guide positioned at distal opposing ends of the reset plate; a plurality of inner dials positioned
about the spindle and held between the plate head and guide of the reset plate, and a combination
reset mechanism including a cam disposed in a cam housing operable for moving the reset plate
and inner dials in an axial direction to selectively disengage the inner dials from the outer dials.

Refining aspect includes an apparatus wherein the cam housing includes an outer wall
with at least one spiral slot formed therethrough and a reset knob extending therefrom; wherein
the cam includes at least one post extending radially outward and configured to slidingly engage
within the at least one spiral slot such that as the housing is rotated the cam moves in an axial
direction; wherein the cam housing includes an outer wall extending between first and second
opposing sidewalls and a spiral ramp formed internally thereto;, and wherein the cam includes at
least one tab extending axially away from a sidewall, the at least one tab configured to slidingly
engage with the spiral ramp such that as the cam housing is rotated the cam moves in an axial
direction.

Another aspect of the present disclosure includes a method for opening a combination
lock comprising rotating each of a plurality outer dials to an unlocked position, moving a pull
knob in an axial direction from a first position to a second position; moving a spindle in the axial
direction in response to the moving of the pull knob; pivoting a multiplier link in response to the
moving of the spindle; moving a bolt from a locked position to an unlocked position in response
to the pivoting of the multiplier link, wherein a distance traveled by bolt is greater than a distance
traveled by the spindle.

Another aspect of the present disclosure includes a method for resetting a combination
lock comprising rotating a cam housing from a base position to a reset position about an axis of
rotation; moving a cam member in an axial direction in response to the rotating of the cam
housing; engaging and sliding a reset plate with the cam; moving one or more inner dials with
the reset plate to a reset position; rotating one or more outer dials to a desired number when the
reset plate is in the reset position; rotating the cam housing back to the base position to set a new
outer dial combination.

Refining aspect wherein the cam includes one or more posts extending radially outward
into a spherical shaped slot formed in the cam housing; and wherein the cam includes one or
more tabs extending axially away from a sidewall configured to engage a spiral ramp formed

internal to the cam housing.
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Another aspect of the present disclosure includes a method for providing tactile feel
feedback comprising rotating an outer dial with a detent ring having a plurality of detent regions
formed in an outer surface thereof;, and generating a variable resistance to the rotation of the
outer dial as the outer dial rotates through the plurality of detent regions.

Refining aspect wherein the variable resistance is generated by engaging an arcuate
region of a leaf spring with the detent ring; and wherein the variable resistance is generated by
engaging a bump element extending from a dial spacer with the detent ring.

It should be understood that the component and assembly configurations of the present
disclosure can be varied according to specific design requirements and need not conform to the
general shape, size, connecting means or general configuration shown in the illustrative drawings
to fall within the scope and teachings of this patent application.

While the invention has been described in connection with what is presently considered
to be the most practical and preferred embodiment, it is to be understood that the invention is not
to be limited to the disclosed embodiment(s), but on the contrary, is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the appended
claims, which scope is to be accorded the broadest interpretation so as to encompass all such
modifications and equivalent structures as permitted under the law.

Furthermore it should be understood that while the use of the word preferable, preferably,
or preferred in the description above indicates that feature so described may be more desirable, it
nonetheless may not be necessary and any embodiment lacking the same may be contemplated as
within the scope of the invention, that scope being defined by the claims that follow. In reading

the claims it is intended that when words such as "a," "an," "at least one" and "at least a portion"
are used, there is no intention to limit the claim to only one item unless specifically stated to the
contrary in the claim. Further, when the language "at least a portion" and/or "a portion" is used

the item may include a portion and/or the entire item unless specifically stated to the contrary.
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What is claimed is:

1. A combination lock, comprising:

a flexible member comprising a locking link and a fixed link;

a housing configured to lockingly receive the locking link, wherein the fixed link is
fixedly coupled to the housing;

a plurality of outer dials;

a plurality of inner dials, each of the inner dials selectively coupled to a corresponding
outer dial;

a spindle positioned radially internal to the inner dials;

a pull knob connected to the spindle;

a multiplier link pivotably connected to the housing and engaged with the spindle; and

a locking bolt having a slot configured to receive a portion of the multiplier link.

2. The combination lock of claim 1, wherein the pull knob is movable between a first
position and a second position corresponding to a locked position and an unlocked position,

respectively.

3. The combination lock of claim 1, wherein the multiplier link includes a body portion

engaged within an abutment region formed with the spindle.

4. The combination lock of claim 3, wherein the multiplier link includes a head extending
from the body portion, and wherein the head is configured to engage within the slot of the
locking bolt.

5. The combination lock of claim 1, further comprising an anchor support positioned within

the housing.

6. The combination lock of claim 5, wherein the anchor support permanently couples the

fixed link to the housing.
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7. The combination lock of claim 5, wherein the anchor support includes a channel sized to

receive a portion of the locking bolt in a locked position.

8. The combination lock of claim 1, further comprising:
a dial spacer positioned adjacent one of the outer dials; and
a tactile feedback mechanism defined between the dial spacer and the one of the outer

dials.

9. The combination lock of claim 8, wherein the tactile feedback mechanism includes a

spring having an arcuate region formed between first and second end legs.

10. The combination lock of claim 9, wherein the dial spacer includes a spring holding slot

with angled end walls to hold the first and second end legs in a fixed radial location.

11. The combination lock of claim 10, wherein the tactile feedback mechanism comprises:
a detent ring extending from a side of the one of the outer dials; and
a plurality of detents formed around an outer wall of the detent ring,

wherein the arcuate region of the spring is engaged with the detent ring.

12. The combination lock of claim 8, wherein the tactile feedback mechanism includes one or

more bump elements extending from a sidewall of the dial spacer.

13. The combination lock of claim 12, further comprising:

a detent ring extending from a side of one of the outer dials;

a plurality of protrusions projecting radially inward from an inner rim of the detent ring;
and

a detent region formed between each adjacent pair of the plurality of protrusions.

14.  The combination lock of claim 13, wherein the one or more bump elements of the dial

spacer is engaged with the detent ring.
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15. A combination lock, comprising:

a housing configured to lockingly receive a locking link;

a plurality of outer dials;

a plurality of inner dials, each of the inner dials selectively coupled to a corresponding
outer dial;

a spindle positioned radially internal to the inner dials;

a multiplier link pivotably connected to the housing and engaged with the spindle; and

a lock reset mechanism, the lock reset mechanism including:

a reset plate slidably engageable with an elongate longitudinal slot formed in the spindle
and configured to hold the inner dials between a head and an end guide;

a rotatable reset housing positioned proximate one end of the spindle; and

a reset cam positioned within the reset housing, the reset cam configured to move the
reset plate and inner dials in a axial direction to a reset position when the reset housing is rotated

from a first position to a second position.

16. A combination lock, comprising:

a housing configured to lockingly receive a locking link;

a plurality of outer dials;

a plurality of inner dials, each of the inner dials selectively coupled to a corresponding
outer dial;

a spindle positioned radially internal to the inner dials;

a multiplier link pivotably connected to the housing and engaged with the spindle;

a locking bolt having a slot configured to receive a portion of the multiplier link;

a reset plate slidably engaged with the spindle;

a plate head and an end guide positioned at distal opposite ends of the reset plate, wherein
the plurality of inner dials are held between the plate head and the end guide; and

a combination reset mechanism including a cam disposed in a cam housing operable for
moving the reset plate and the plurality of inner dials in an axial direction to selectively

disengage the inner dials from the outer dials.
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17.  The combination lock of claim 16, wherein the cam housing includes an outer wall with

at least one spiral slot formed therethrough and a reset knob extending from the cam housing.

18.  The combination lock of claim 17, wherein the cam includes at least one post extending
radially outward and configured to slidingly engage within the at least one spiral slot such that as

the cam housing is rotated the cam moves in an axial direction.

19.  The combination lock of claim 18, wherein the cam housing includes an outer wall
extending between first and second opposing sidewalls and a spiral ramp formed internally to the

cam housing.

20.  The combination lock of claim 19, wherein the cam includes at least one tab extending
axially away from a sidewall of the cam, the at least one tab configured to slidingly engage with

the spiral ramp such that as the cam housing is rotated the cam moves in an axial direction.

21. A method for opening a combination lock, comprising:

rotating each of a plurality outer dials to an unlocked position, wherein each of the dials
is rotatably mounted to a housing of the combination lock, wherein the combination lock further
comprises a flexible member including a first end portion permanently coupled to the housing
and a second end portion received within the housing, and wherein the combination lock further
comprises a bolt engaged with the second end portion and selectively preventing removal of the
second end portion from the housing;

moving a pull knob in an axial direction from a first position to a second position;

moving a spindle in the axial direction in response to the moving of the pull knob;

pivoting a multiplier link in response to the moving of the spindle; and

moving the bolt from a locked position to an unlocked position in response to the
pivoting of the multiplier link, wherein a distance traveled by the bolt is greater than a distance
traveled by the spindle,

wherein movement of the bolt from the locked position to the unlocked position
disengages the bolt from the second end portion, thereby enabling removal of the second end

portion from the housing.
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22.  The method of claim 21, further comprising:

rotating one of the outer dials with a detent ring having a plurality of detent regions
formed in an outer surface thereof; and

generating a variable resistance to the rotation of the one of the outer dials during rotation

through the plurality of detent regions to provide tactile feel feedback.

23. A method for opening a combination lock, comprising:

rotating each of a plurality outer dials to an unlocked position;

moving a pull knob in an axial direction from a first position to a second position;

moving a spindle in the axial direction in response to the moving of the pull knob;

pivoting a multiplier link in response to the moving of the spindle;

moving a bolt from a locked position to an unlocked position in response to the pivoting
of the multiplier link, wherein a distance traveled by the bolt is greater than a distance traveled
by the spindle;

rotating a cam housing from a base position to a reset position about an axis of rotation;

moving a cam in an axial direction in response to the rotating of the cam housing;

engaging and sliding a reset plate with the cam;

moving one or more inner dials with the reset plate to a reset position;

rotating one or more outer dials to a desired position when the reset plate is in the reset
position; and

rotating the cam housing back to the base position to set a new outer dial combination.

24.  The method of claim 23, wherein the cam includes one or more posts extending radially

outward into a slot formed in the cam housing.

25.  The method of claim 23, wherein the cam includes one or more tabs extending axially
away from a sidewall of the cam and configured to engage a spiral ramp formed internal to the

cam housing.

26.  The method of claim 25, wherein the variable resistance is generated by engaging an

arcuate region of a leaf spring with the detent ring.
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27.  The method of claim 25, wherein the variable resistance is generated by engaging a bump

element extending from a dial spacer with the detent ring.

28. A combination lock, comprising:

a housing;

a locking link removably received in the housing;

a fixed link fixedly coupled to the housing;

a flexible member connecting the locking link and the fixed link;

a plurality of dials rotatably mounted to the housing, the plurality of dials having an
aligned state and a misaligned state;

a spindle mounted to the housing for movement along a longitudinal axis, wherein the
spindle is operable to longitudinally travel between a locking position and an unlocking position
when the plurality of dials are in the aligned state, and wherein the plurality of dials block
longitudinal movement of the spindle when in the misaligned state;

a bolt movably mounted to housing for longitudinal movement between a locked position
and an unlocked position, wherein the bolt in the locked position engages the locking link and
prevents removal of the locking link from the housing, wherein the bolt in the unlocked position
permits removal of the locking link from the housing; and

a multiplier link pivotably mounted in the housing and engaged with the spindle and the
bolt, wherein the multiplier link is configured to drive the bolt between the locked position and
the unlocked position in response to movement of the spindle between the locking position and
the unlocking position, wherein the multiplier link is configured to move the bolt a first travel
distance in response to movement of the spindle a second travel distance, and wherein the first

travel distance is greater than the second travel distance.

29.  The combination lock of claim 28, wherein the multiplier link is pivotably coupled to the
housing via a pivot;
wherein the multiplier link includes a head engaged with the bolt;
wherein the multiplier link includes a body portion engaged with the spindle; and
wherein the body portion is positioned between the pivot and the head.

20

Date Regue/Date Received 2021-07-15



Date Regue/Date Received 2021-07-15

111

FIG. 1



CA 03070873 2020-01-22

PCT/US2018/041274

WO 2019/010489

2/11




;
{ H

B : .
A P e AN P S S N P e i i N

PCT/US2018/041274

i i
by / /
H . b
L 7 \s./f\\ww
. . Y -

N b F—
o~
91 e
/ s
s\||\\ A SN

CA 03070873 2020-01-22
3/11

WO 2019/010489

~ (f

i \\ 5
I f TR

i i B |
i i ) i
b . : i
I i H 1
s i H i
I { i .
P H ; P
: i i b
5 j P
L) ! i i
{ i i

i i ; $
X, / H

“ ;

Ji

3 ./.i)’\\\ /

¥

. -



CA 03070873 2020-01-22

PCT/US2018/041274

WO 2019/010489

4/11

FIG. 5

o R ey " 3
T S N
= ¢ 7 F Sy W

L i

i g i3 2 & g“ 7

4 I T Y | 4 e 1o

/ NN L T

P = S
= .w d “w /U.. m \\\f,. J\Jﬂ%z

Pt Sl T . 5
Ty .A # V/ o Y \//./
ks Y fiy o

/ﬂ e g RN "
g y
s S/
rm L S
ES i, ol
s e e
> U//I \\\\\ %

(&<

— TN

il M‘.\.w M_

e { I
= L Y %

I A e W
= \\ y A i ; R
N/ % i / S
P, fa T
&N N \\xr\JJ#//n %,




CA 03070873 2020-01-22

WO 2019/010489 PCT/US2018/041274
511




CA 03070873 2020-01-22

WO 2019/010489 PCT/US2018/041274
6/11

T,

fv,
;
;
O
T
o



CA 03070873 2020-01-22

WO 2019/010489 PCT/US2018/041274
711

=
=
L ==

430




CA 03070873 2020-01-22

PCT/US2018/041274

WO 2019/010489

8/11

I Ol

P
7 o
g .\Tm
7 //V.V\ s Y
~ Vi
P N 4

el e P & g
¥ig — & \\\«/M\/\M(,\
S e /./

AN

81¢ 91¢ 0

by M
By

¢ 0lg 0lg

i init i i i i i)




CA 03070873 2020-01-22

WO 2019/010489 PCT/US2018/041274
9/11




CA 03070873 2020-01-22

WO 2019/010489 PCT/US2018/041274
10/11




CA 03070873 2020-01-22

PCT/US2018/041274

WO 2019/010489

P

11/11

bjﬂﬁf

rmﬁwsﬁf%r “\

sty
UG
N
\
| . :
T SRR
i
| -
e o
Jr?rml ﬁ 1 @
W
i
/ \M‘L » i Tomeley
ST AT AT
>4 {H\sﬂ\_ Hfh&{ L b Dot
N Taly
wcu



=

%)%
6w/ w] Y

33

e e g ] e

24




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - CLAIMS
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - REPRESENTATIVE_DRAWING

