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OSCIHLEATING INERTIAL LATCH

CROSS-REFERENCE TO RELATED APPLICATIONS
[6081] This application claims the benefit of U.S. provisional application No.
63/308,865, filed July 19, 2022, the entire disclosure of which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD
(8002} The present application relates to an wnertial latch. More particularly, the

mertial latch can lock two relatively rotatable bodies in response to a force.

BACKGROUND
[8003] A vehicle can have many rotatable parts, such as, armrests, seat backs,
center consoles, etc. During high acceleration events, these rotatable parts can move
unexpectedly because of mertia. For example, a raised armrest in a vertical posttion can
abruptly swivel down during a crash. Such high acceleration events can include rapid speeding
or braking that can have an acceleration or deceleration exceeding 1g, or a crash event that s
usually associated with a deceleration exceeding 3g. An inertial latch can utilize inertia and

lock two relatively rotating bodies when a lugh acceleration event occurs.

SUMMARY

[0004] The disclosure relates generally to an wertial latch, More specifically,
various embodiments of this disclosure relate to an mertial latch that can be used on a vehicle
to tock rotatable parts under heavy braking or forward collision.

[0803] An aspect 1s directed to an mertial latch comprising a swash plate, a swing
arm, a spring, and a ratchet ring. The swing arm can include a first end and a second end, the
first end being configured to pivot on the swash plate so that the swing arm moves between a
first position and a second position, the second end comprising a plurality of teeth. The spring
can connect the swash plate and the swing arm, the spring being configured to apply a force

on the swing arm to bias the swing arm 1n a direction towards the first position.  The ratchet
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ring can have a plurality of teeth configured to be engaged by the plurality of teeth of the swing
arm when the swing arm pivots to the second position due to a high acceleration event.

[6086] A variation of the aspect 15, wherein the first end of the swing arm is pivot
at a point proximate an edge of the swash plate.

(6087} A varation of the aspect 1s, wherein the second end of the swing arm 1s
proximate an edge of the swash plate in the first position.

[600&] A variation of the aspect 15, wherein the spring connects to the swash plate
proximate an edge of the swash plate.

[006%] A variation of the aspect is, wherein the high acceleration event is when the
mertial latch is under an acceleration or deceleration at or exceeding 1.

(0016} A variation of the aspect is, wherein the high acceleration event is when the
mertial latch is under an acceleration or deceleration at or exceeding 3.

(6011 A vanation of the aspect is, wherein, in the first position, the swing arm 1s
substantially secured by and between the spring arm and a swing arm stopper.

(0012} A varation of the aspect 1s, wherein the swing arm stopper 18 positioned on
the swash plate.

[0013] A vanation of the aspect is, wherein, in the second position, the plurality of
teeth on the second end of the swing arm locks into the plurality of teeth on the ratchet ring.

[0014] A vanation of the aspect 13, wherein the swash plate 15 connected 1o a
pivoted past.

[8015] A variation of the aspect 13, wherein the pivoted part can rotate with the
swash plate when the swing arm 15 10 the first postiion.

[8016] A variation of the aspect is, wheremn the pivoted part 15 locked in place when
then swing arm is in the second position.

[8017] A variation of the aspect 15, wherein the swash plate comprises an anti-
rotation hole.

(001 8] A variation of the aspect is, wherein the anti-rotation hole extends from a
center of the swash plate towards a periphery of the swash plate.

[0019] A vanation of the aspect 15, wherein the anti-rotation hole is sized and
shaped to receive an mterlocking tab, and wherein the interlocking tab protrades outward from

the swash plate when inserted into the anti-rotation hole.



WO 2024/019846 PCT/US2023/025404

(6028} Another aspect is directed to a method of locking relatively rotatable bodies
in response to a force. The method includes engaging a first body with a swash plate
comprising a swing arm, the swing arm having a first end and a second end, the second end
comprising a phurality of teeth. The method further includes pivoting the first end of the swing
arm on the swash plate so that the swing arm moves between a first position and a second
position. The method further includes engaging a second body with a ratchet ning, the second
body rotatable relative to the first body, the ratchet ring comprising a plurality of teeth. The
method can also include locking the plurality of teeth of the swash plate to the plurality of teeth
of the ratchet ring when the swing arm pivots towards the second position due to a high
acceleration event.

(0021} A varation of the aspect further comprises biasing the spring arm towards
the first position with a spring connecting the swash plate and the swing arm.

(60221 A variation of the aspect 15, wherein pivoting the first end of the swing arm
on the swash plate comprises pivoting the swing arm at a point proximate an edge of the swash
plate.

[6023] A varnation of the aspect further comprises securing the swing arm by and
between the spring arm and a swing arm stopper.

[0024] A varation of the aspect further comprises inserting an interlocking tab to

an anti-rotation hole on the swash plate.

BRIEF DESCRIPTION OF THE BRAWINGS

[8025] The present disclosure ts described with reference to the accompanying
drawings, i which bike reference characters reference bike elements, and wheremn:

[8026] FIG. 1 15 an exploded view of an nertial latch according to a preferred
embodiment of the present disclosure.

[6027] FIG. 2A 13 3 top assembly view of the inertial latch from FIG. 1 in a resting
condition with a bottom msert cover removed to show a swash plate in a first posttion.

[6028&] FIG. 2B 15 a view simular to FIG 2A except the swash plate has rotated to
a second position or regular use condition without activating a swing arm.

[6029] FIG. 3A 15 a view similar to FIG. 2A except the swing arm has moved to

partially engage with the ratchet ring due to a high acceleration condition.
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6030} FIG. 3B 15 a view sumilar to FIG. 3A except the swing arm has continued to
move to fully engage with the ratchet ring due to the high acceleration condition.

6031} FIG. 4 s an exploded view of an inertial latch according to another
embodiment of the present disclosure.

[6032] FIG. 5 15 a perspective view of the inertial laich from FIG. 4 in a resting

condition with a bottom msert cover removed.

DETATLED DESCRIPTION

0033} Generally described, one or more aspects of the present disclosure relate to
an mertial latch for a vehicle, In certain embodiments, this disclosure relates to an mertial
latch that can lock two relatively rotatable bodies under high acceleration events. Such high
acceleration events can include both rapid speeding or braking (e g., greater than 12} and crash
events {e.g., at least 3g}. In some embodiments, the inertial latch can include a swing arm that
rotates with or relatively to a swash plate. The swing arm can rotate relative to the swash plate
and lock into the ratchet ring to achieve a locking posttion {e.g., engaged position} when the
mertial latch 15 experiencing a hugh acceleration event {e.g,, speeding or braking). The swing
arm can be rotated towards the locking position due to an nertia force. In some embodiments,
the angle of rotation for the nertial latch to lock mito the ratchet ring can be small {e.g., 0-20
degrees) such that any movement of the vehicle paris attached to the wertial latch during the
high acceleration event is neghigible.

[6034] As shown in FIG. 1, an embodiment of an wertial latch 100 according to
this disclosure can inchide a swash plate 10, a spring 20 {e.g., wire, plastic, etc.), and a swing
arm 30, In some embodiments, the swash plate 10 can include a fastener 14 mounted to the
swash plate 10 and configured to connect the swash plate 10 with a shaft such that the swash
plate 10 may rotate with the shaft. In some embodiments, the swash plate 10 may be mounted
to a hole m a center of the swash plate 10, In some embodiments, the hole may have a
hexagonal shape. In some embodiments, the swing arm 30 can be attached to the swash plate
10 via a fastener {e.g., shoulder bolt) 32 and a washer 31. In some embodiments, the mertial
latch 100 can include a spring holder 11 positioned on the swash plate 10 and configured to

apply a first force on the swing arm 30. In some embodiments, the mertial latch 100 can



WO 2024/019846 PCT/US2023/025404

include a swing arm stopper 12 positioned on the swash plate 10 and configured to apply a
second force on the swing arm 30.

{6035} The mertial latch 100 can further include a raichet ring 40. In some
embodiments, the ratchet ring 40 can include a plurality of teeth 41 disposed along at least a
portion of an nner rim of the ratchet ring 40, The mertial Iatch 100 can include an msert plate
50 that can be attached to the ratchet ring 40 using fasteners {e.g., nuts, rivnuts, etc.} 60. In
some embodiments, the mnertial latch 100 can mnclude a top insert cover 70 attached to one side
of the nertial latch 100 and a bottom insert cover 71 attached to the other side of the mnertial
latch 100.

[0036] FIG. 2A 15 a top assembly view of the nertial latch 100 from FIG 1T ina
resting condition with the bottom insert cover 71 removed to show the swash plate 10 in a furst
positton. FIG. 2B is a view similar to FIG. 2A except the swash plate 10 has rotated to a second
position or regular use condition without activating the swing arm 30, In some embodiments,
the swing arm 30 can be attached to the swash plate 10 via the fastener 32, In some
embodiments, the spring holder 11 and the swing arm stopper 12 can be positioned on a side
of the swash plate 10, In sore embodiments, the spring 20 can connect the spring holder 11
and the swing arm 30,

[6037] In some erobodiments, the nertial latch 100 can be implemented on a pivot
pomnt between two relatively rotatable parts of a vehicle. The two relatively rotatable parts
may be connected through a shaft. In some embodimenis, the swash plate 10 can be attached
to the rotatable part of the two parts. For example, when the inertial latch 100 15 implemented
on an arnwest, the armrest can be configured to rotate with the swash plate 10, Contimung
with this example, the ratchet ring 40 can stay stationary relative to the vehicle.

[6038§] During normal operation {e.g., in the absence of rapid speeding or braking},
the mertial Jatch 100 can be tn a resting condition 201 as illustrated in FIG. 2A or o a rotated
position 202 as dlustrated m FIG. 2B, When the mertial latch 100 experiences a level of
acceleration that 15 less than a threshold acceleration, the inertial laich 100 operates in the
normal operating conditions (e.g., FIGKS. ZA and 2B) because an mertial force, if any, does not
overcome a force applied by the spring 20 on the swing arm 30,

(6039 The inertial latch 100 can be implemented at any pivot pomnt of two

relatively rotatable parts. For example, when the mertial latch 100 s implemented on an
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armrest, the wnertial latch 100 can be in the resting condition 201 when the armrest 15 folded up
in a vertical position. The mertial latch 100 can be in the rotating condition (FIG. 2ZA) 202
when the armrest is being pulled down towards a horizontal position. When the inertial laich
100 moves from the resting condition 201 towards the rotating condition 202, all of the spring
arm 30, spring holder 11, swing arm stopper 12 rotates with the swash plate 10, while the
ratchet ring 40 stays stationary.

{60461 in some embodiments, as shown in FIG. ZA, a first end of the spring holder
11 can be attached to or part of an edge of the swash plate 10, and a second end of the spring
holder 11 s connected to the swing arm 30 to apply the first force on the swing arm 30, In
some embodiments, the swing arm stopper 12 can be configured to contact the swing arm 30
and apply the second force on the swing arm 30 that counters the first force. The swing arm
30 can be substantially secured in a normal operating condition by and between the spring
holder 11 and the swing arm stopper 12 during a normal operating condition as shown mn FIGs.
2A and 2B.

(00411 FIGs. 3A and 3B dlustrate the mertial latch 100 during a high acceleration
or deceleration event {e g., a rapid speeding/braking or a crash of a vehicle). FIG. 3A s a view
similar to FIG. 2A except the swing arm 30 has moved to partially engage with the ratchet
plate 40 due to the high acceleration condition. FIG. 3B is a view similar to FIG. 3A except
the swing arm 30 has continued to move to fully engage with the ratchet plate 40 due 1o the
high acceleration condition. As 13 tlustrated in FIGs. 3A and 3B, one end of the swing arm 30
can pivot around the fastener 32, A second end of the swing arm 30 can have a plurahity of
teeth 33, In some embodiments, the phurality of teeth 33 are configured to mteract with the
plurality of teeth 41 of the ratchet ring 40.

[8042] As shown in FIG. 3A, under an accelerating condition, the mnertial latch 100
15 moving with an acceleration in a direction 300. The swing arm 30 can move in a direction
320 agamnst the spring 20 because of mnertia, causing the swing arm 30 to rotate around the
fastener 32 1 a direction 310, In some embodiments, when the swing arm 30 1s rotated in the
direction 310 under the accelerating condition, the plurality of teeth 33 on an end of the swing
arm 30 can move towards the plurality of teeth 41 of the ratchet ring 40, In some embodiments,
in a partially engaged position 211, the force applied on the swing arm 30 by the spring 20 can

be overcome by engagement force between the plurality of teeth 33 of the swing arm 30 and
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the plurality of teeth 41 of the ratchet ring 40 such that the swing arm 30 is locked in the
partially engaged position 211, In other embodiments, the swing arm 30 may not be locked in
the partially engaged position 211,

[0043] in some embodiments, the inertial latch 100 can be one-directional such that
the mertial latch locks in a certain position under a high acceleration event in one of two
opposing directions. For example, as lfustrated in FIG. 3A, the swing arm 30 15 configured to
lock into the ratchet ring 40 when the swing arm 30 moves in the direction 320. The inertial
latch 100 can reach a locking position 212 under high acceleration in the direction 300 but not
under high acceleration in a direction opposite to the direction 300.

[0044] As shown in FIG. 3B, the mertial latch 100 can operate when experiencing
an even greater acceleration to reach the locking position 212, In a high acceleration condition,
the acceleration can be greater than a threshold acceleration G (e g, 1g-3g). The plurality of
teeth 33 on the swing arm 30 can move and lock into the plurality of teeth 41 of the ratchet
ring 40 as shown in FIG 38, Under the high acceleration condition, wherein the acceleration
15 1 the direction 300, the swing arm 30 rotates or pivois further around the fastener 32 and
against the spring 20 in the direction 310 because of inertia. At the same tume, under the hugh
acceleration condition, the swash plate 10 can be configured to rotate m a dwection 330,
opposite to the direction 310, because of nertia. Rotation of the swash plate 10 in the direction
330 under acceleration and a centrifugal force resulting from its rotation can enhance the
rotation of the swing arm 30 in the direction 310 and towards the plurality of teeth 41, After
the swing arm 30 rotates for an angle of o from the swing arm stopper 12 as shown m FIG. 3B,
the plurahity of teeth 33 of the swing arm 30 interacts with the plurality of teeth 41 of the ratchet
ring 40 such that the swash plate 10, along with the swing arm 30, can be locked m place by
the stationary ratchet ning 40, The rotatable part attached to the swash plate 10 can thus be
locked i place under the high acceleration condition,

[8045] Another aspect of this disclosure 15 that a Iatch assembly disclosed herein
can also be used as a centrifugal latch where a centrifugal force instead of a hinear inertial force
is present. In some embodiments, the latch assembly can be actuated to lock two relatively
rotatable parts when the rotating part rotates at a speed greater than 100 revolutions per minute

(rpm}. In other embodiments, the latch assembly can be actuated to lock two relatively
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rotatable parts when the rotating part rotates at another desirable threshold speed, depending
on the geometries and masses of various parts of the latch assembly.

[6046] A person having ordinary skill in the art can appreciate that the angle of
rotation of the swing arm 30 under a fixed force (e.g., the threshold acceleration required for
the swing arm 30 to lock into the ratchet ring 40} can depend on a mass, a length, and a shape
of the swing arm 30, a position of an attachment point of the swing arm 30 on the swash plate
10, a force applied by the spring holder 11, a position of the swing arm stopper 12, and an
shape or angle of the teeth of the ratchet ring. For example, in some embodiments, the swing
arm 30 of the inertial latch 100 can pivot at a point proximate to an edge of the swash plate 10.
The swing arm 30 can extend from the point proximate to the edge of the swash plate 10 to
another point proximate the edge of the swash plate 10, Positioning the pivot point of the
swing arm 30 proximate the edge of the swash plate 10 can make the swing arm 30 swing with
a greater angular acceleration {(e.g., rotate for a greater angle) under a high acceleration event
because of a longer nertial mass and a greater effect of centrifugal force. Therefore, one can
vary one or more of the mass, the length, and the shape of the swing arm 30, the position of
the attachment point of the swing arm 30 on the swash plate 10, the force apphied by the spring
holder 11, the position of the swing arm stopper 12, and the shape or angle of the plurality of
teeth 41 on the ratchet ring 40 to achieve a sumilar result or g predictable different result (e g,
a different threshold acceleration value).

(6047} In some embodiments, afier the inertial latch 100 reaches the locking
position under 3 high acceleration condition, the mertial latch 100 can be reset to its normal
operating conditions by causing the swash plate 10 (o rotate opposite to the direction 330, For
example, a rotatable part (e.g., an armrest) attached to the swash plate 10 can be rotated,
thereby bringing the swash plate 10 to rotate opposite to the direction 330 as shown 1n FIG.
2B. When the swash plate 10 13 rotated opposite to the direction 330, the swing arm 30 unlocks
from the ratchet ring 40 {(e.g., the plurality of teeth 33 of the swing arm 30 disengage from the
plurality of teeth 41 of the ratchet ring 40}, The inertial latch 100 can then be reset and operate
in a resting condition 201 as illustrated m FIG. 2ZA or in a rotating condition 202 as illustrated
m FIG. 2B

[6048&] In various embodiments, as shown in FIG 4, an mnertial latch 200 disclosed

herein can similarly include a spring 220, a swing arm 230, and a rachet ring 240, Unless noted
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otherwise, similarly numbered components of the inertial latch 200 may function similarly as
those of the inertial latch 160, In some embodiments, the inertial latch 200 can include a swash
plate 210 having an anti-rotation hole 214 as opposed to a fastener 14 (see FIG. 1-3B}. In
some embodiments, the anti-rotation hole 214 is disposed in a center of the swash plate 210.
in some embodiments, it may be desirable to include the anti-rotation hole 214 in the center of
the swash plate 210 to reduce torque and increase efficiency of the mmertial laich 200, In some
embodiments, the anti-rotation hole 214 can extend from the center of the swash plate 210
towards a periphery/edge of the swash plate 210, approximately i a T-shape as shown in FIG.
4. When the anti-rotation hole 214 is available on the swash plate 210, the mertial latch 200
can be used with an interfocking tab 400 (see FIG. 5} configured to be inserted inside the anti-
rotation hole 214 Advantageously, the interlocking tab 400 may be configured to extend
cutward from the swash plate 210 to stop the swing arm 230 and further prevent rotation of
the swash plate 210 under the high acceleration condition.

[0049] The foregoing disclosure is not intended to hmat the present disclosure to
the precise forms or particular fields of use disclosed. As such, 1t 1s contemplated that various
aliernate embodiments and/or modifications to the present disclosure, whether explicitly
described or wophied herem, are possible in hight of the disclosure. Having thus described
embodiments of the present disclosure, a person of ordinary skill in the art will recognize that
changes may be made in formo and detail without departing from the scope of the present
disclosure. Thus, the present disclosure 18 limited only by the clamms.

[H050] In the foregomg specification, the disclosure has been described with
reference to specific embodiments. However, as one skilled m the art will appreciate, various
embodiments disclosed herein can be modified or otherwise implemented 1n various other
ways withouwt departing from the spirit and scope of the disclosure. Accordingly, this
description 1s to be considered as illustrative and 1s for the purpose of teaching those skilled n
the art the manner of makimg and using various embodiments of the disclosed inertial latch. It
is to be understood that the forms of disclosure herein shown and described are to be taken as
representative embodiments. Equivalent elements, matenals, processes or steps may be
substituted for those representatively ilusirated and described herein. Moreover, certain
features of the disclosure may be utilized independently of the use of other features, all as

would be apparent to one skilled in the art after having the benefit of this description of the

0.
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disclosure. Expressions such as "including”, "comprising”, "incorporating”, "consisting of",
"have", "is" used to describe and claim the present disclosure are intended to be consireed ina
non-exclusive manner, namely allowing for items, components or elements not explicitly
described also to be present. Reference to the singular 15 also to be construed to relate to the
plural.

[0051] Further, various embodiments disclosed herein are to be taken in the
illustrative and explanatory sense, and should in no way be construed as limiting of the present
disclosure. All joinder references (e g., attached, affixed, coupled, connected, and the like) are
only used to aid the reader's understanding of the present disclosure, and may not create
linutations, particularly as to the position, orientation, or use of the systems and/or methods
disclosed herein. Therefore, joinder references, if any, are to be construed broadly. Moreover,
such joinder references do not necessarily infer that two elements are directly connected to
each other. Additionally, all numerical terms, such as, but not limuted to, "first”, "second",
*third", "primary”, "secondary”, "main” or any other ordinary and/or numerical terms, should
also be taken only as identifiers, to assist the reader's understanding of the various elements,
embodunents, varations and/or mwodifications of the present disclosure, and may not create
any limutations, particularly as to the order, or preference, of any element, embodiment,
variation and/or modification relative 1o, or over, another element, embodiment, vanation
and/or modification.

[8052] It will also be appreciated that one or more of the elements depicted 1 the
drawings/figures can also be nuplemented in a more separated or integrated manner, or gven
removed or rendered as moperable in certain cases, as 1s useful m accordance with a particular

application,

-10-
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WHAT IS CLAIMED IS:

1. An mertial latch comprising:

a swash plate;

a swing arm having a first end and a second end, the first end being configured to pivot
on the swash plate so that the swing arm moves between a first position and a second position,
the second end comprising a plurahity of teeth;

a spring connecting the swash plate and the swing arm, the spring bemg configured to
apply a force on the swing arm to bias the swing arm in a direction towards the first position;
and

a ratchet ring comprising a plurality of teeth configured to be engaged by the plurality
of teeth of the swing arm when the swing arm pivots to the second position due to a high
acceleration event.

2. The nertial latch of Claim 1, wherein the first end of the swing arm 15 pivot at a point
proximate an edge of the swash plate.

3. The mertial latch of Claim 1, wheremn the second end of the swing arm 1s proximate an
edge of the swash plate in the first position.

4. The mertial latch of Claim 1, wherein the spring connects to the swash plate proxuate
an edge of the swash plate.

5. The mertial latch of Clamm 1, wherem the high acceleration event 1s when the inertial
latch 1s under an acceleration or deceleration at or exceeding 1g.

6. The mnertial latch of Claim 1, wheremn the high acceleration event 1s when the inertial
latch 1s under an acceleration or deceleration at or exceeding 3g.

7. The mertial latch of Claim 1, wherein, o the furst position, the swing arm 1S
substantially secured by and between the spring arm and a swing arm stopper.

8. The mmertial latch of Claim 7, wherein the swing arm stopper 1s positioned on the swash
plate.

o The mertial latch of Claim 1, wherein, in the second position, the plurality of teeth on
the second end of the swing arm locks into the plurality of teeth on the ratchet ring.

10. The inertial latch of Claim |, wherein the swash plate is connected to a pivoted part.

-11-
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11, The inertial latch of Claim 10, wherein the pivoted part can rotate with the swash plate
when the swing arm is 1n the first position.

12. The mertial latch of Claim 10, wherein the pivoted part 15 locked in place when then
swing arm is in the second position.

13. The inertial latch of Claim 1, wherein the swash plate comprises an anti-rotation hole.

14 The inertial latch of Claim 13, wherein the anti-rotation hole extends from a center of
the swash plate towards a periphery of the swash plate.

15. The mertial latch of Claim 13, wherein the anti-rotation hole 15 sized and shaped to
recetve an interiocking tab, and wherein the interlocking tab protrudes outward from the swash
plate when inserted into the anti-rotation hole.

16. A method of locking relatively rotatable bodies in response to a force, the method
comprising;

engaging a first body with a swash plate comprising a swing arm, the swing arm having
a first end and a second end, the second end comprising a plurality of teeth;

pivoting the first end of the swing arm on the swash plate so that the swing arm moves
between a first posttion and a second position;

engaging a second body with a ratchet ring, the second body rotatable relative to the
first body, the ratchet ring comprising a plurality of teeth; and

tocking the plurality of teeth of the swash plate to the plurality of teeth of the ratchet
ring when the swing arm pivots towards the second position due to a high acceleration event.

17. The method of Claim 16, further comprising biasing the spring arm towards the first
position with a spring conneciing the swash plate and the swing arm.

18. The method of Claim 16, wherein pivoting the first end of the swing arm on the swash
plate comprises pivoting the swing arm at a point proximate an edge of the swash plate.

19. The method of Clamm 16, further compnising securing the swing arm by and between
the spring arm and a swing arm stopper.

20, The method of Claim 16, further comprising inserting an interlocking tab to an anti-

rotation hole on the swash plate.

1.
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