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TUNING OF A KINEMATIC RELATIONSHIP BETWEEN MEMBERS

RELATED APPLICATIONS

This application derives priority from New Zealand patent application number 627630 incorporated

herein by reference.

TECHNICAL FIELD

Described herein is a device comprising members in a kinematic relationship, the kinematic relationship

at least partially governed by at least one magnetically induced force that introduces a force threshold

that, in effect, may provide a threshold and confer a degree of hysteresis, preventing movement until a

sufficiently large energizing force is applied. The effect may be further altered by use of an additional

magnetically induced force interaction with at least one further member to urge or slow movement once

started and/or to prevent movement once a new position is reached.

BACKGROUND ART

Eddy current formation may be used in a variety of ways to adjust the speed of rotation of a member.

Various apparatus exist, for example in abseiling, to control the descent of a climber or for example, in

personal protective equipment scenarios t o prevent an injury causing fall. Other applications that use

eddy current generation are in controlling pay-out of line in trains, cable cars, zip line devices and roller

coasters.

One art device is published as US2012/0055740. This device utilises a rotor assembly with arms that

move relative to the rotor. The arms themselves may be conductive or magnetic or may have

conductive or magnetic members attached thereto. When a rotational force is applied to the rotor, the

arms move outwards from a central axis via centrifugal force and into a magnetic (or conductive) field.

As the arms move through the field, eddy currents are generated, the strength of which is dependent on

the speed of rotation. As the speed of rotation reduces, the arms are drawn back towards the axis of

rotation via springs and/or a reduced centrifugal force acting on the arms. This device is widely used

and provides an excellent means of changing the relative speed of parts.

One aspect of the above apparatus is that there is minimal hysteresis between activation of the braking

effect and non-activation. This can result is rapid on-off switching of the braking effect termed 'chatter'.

Chatter in some applications is particularly undesirable. For example, in fall safety applications, an

autobelay may be attached to a harness worn by a person in danger of a fall. If a fall occurs, the device

brakes and/or stops a fall thereby preventing injury or loss of life. Chatter becomes a hindrance in fall

safety use. For example, unwanted activation of the brake effect may occur when the person moves



suddenly (but not a fall). False activation may result in tiring the person; the person may loose balance

and fall; or false activation simply becomes a general nuisance factor. In worst cases, chatter may

discourage use of the fall safety device and lead t o serious injury or loss of life.

Urging or slowing movement of the arms once started in the above device via a further input may also

be useful depending on the end application of the device.

As may be appreciated, providing a means of both slowing and/or fully stopping relative movement

between parts in a means that may be tuned to avoid inadvertent braking and induce a tuneable degree

of hysteresis may be useful or at least it provides the public with a choice.

Further aspects and advantages of the device will become apparent from the ensuing description that is

given by way of example only.

SUMMARY

Described herein is a device comprising members in a kinematic relationship, the kinematic relationship

at least partially governed by at least one magnetically induced force that introduces a force threshold

that, in effect, may provide a threshold and confer a degree of hysteresis, preventing movement until a

sufficiently large energizing force is applied. The effect may be further altered by use of an additional

magnetically induced force interaction with at least one further member to urge or slow movement once

started and/or to prevent movement once a new position is reached.

In a first aspect, there is provided a device comprising:

at least one first member or a part thereof and at least one second member or a part thereof,

the first and second members being approximately adjacent to each other and in a constrained

kinematic relationship relative to each other;

at least one magnetically attracted relationship between the at least one first and second

members forming a magnetically induced force between the members or a part thereof; and

wherein the magnetically induced force provides a force threshold preventing movement

between the members and, when this threshold is exceeded by application of an energizing force,

relative motion occurs via a dynamic system according to the kinematic relationship between the at least

one first member and at least one second member.

In a second aspect, there is provided a device comprising:

at least one first member or a part thereof coupled to a second member and at least one third

member or a part thereof, the first and third members being approximately adjacent to each other and

in a constrained kinematic relationship relative to each other;

at least one magnetically attracted relationship between the at least one first and third

members forming a magnetically induced force between the members or a part thereof; and



wherein the magnetically induced force provides a complementary force overcoming a force

threshold resisting movement between at least the first and third members such that, when this

threshold is exceeded by application of an energizing force:

(a) relative motion occurs via a dynamic system according to the kinematic relationship

between the at least one first and third member; and

(b) the induced force accelerates the motion of the first member relative to the third; and

(c) the induced force provides a holding force resisting reversal of the relative motion.

In a third aspect, there is provided a brake comprising:

a device substantially as described above; and

wherein the at least one first member or a part thereof is at least partially electrically conductive

and in a further kinematic relationship with an independent magnetic field such that:

(a) prior to a sufficient energizing force, the at least one first member and at least one second

member remain magnetically coupled and a first no or low induced eddy current brake effect

occurs; and

(b) on application of an energizing force sufficient to overcome the magnetically induced force, the

at least one first member moves into the magnetic field thereby inducing an eddy current brake

effect on movement of the at least one first member or a part thereof relative to the magnetic

field.

In a fourth aspect, there is provided a line dispensing device incorporating at least one device

substantially as described above.

In a fifth aspect, there is provided a passenger seat restraint incorporating at least one device

substantially as described above.

In a sixth aspect, there is provided a transmission drive incorporating at least one device t o engage a

rotational drive substantially as described above.

In a seventh aspect, there is provided a linear guided lifeline incorporating at least one device

substantially as described above.

Numerous other applications of the device may also be possible as further outlined in the description

below.

One advantage of the above device includes the ability to control when movement prescribed by the

kinematic relationship occurs. In addition, a further advantage of the device is t o also influence the

kinematic relationship once movement commences. The magnitude of the inertia effect may be tuned

between extremes of a high resistance to movement through to a low resistance to movement. In

addition, through use of an additional magnetic member, the threshold and rate of movement via the

kinematic relationship may also be influenced greater or less. Tuning in this way may have the effect of



avoiding on/off chatter and confer a degree of hysteresis in the device action. Through a third member,

deactivation may also be tuned so as to avoid accidental disengagement for example from a latch.

Another, further advantage of the above device is the wide range of ability to control and vary

movement via the kinematic relationship meaning the device is able to be used in a range of different

ways and applications and may minimise the likelihood of false activations.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the device will become apparent from the following description that is given by way

of example only and with reference to the accompanying drawings in which:

Figure 1 illustrates a side view of one embodiment of a device in a magnetically attracted

relationship;

Figure 2 illustrates a graph showing the relationship between the magnetically attracted force and

movement of the pawl or first member;

Figure 3 illustrates a side view of an alternate embodiment incorporating a rotating second member

and a first member with two magnetic relationships;

Figure 4 illustrates a side view of an alternate embodiment incorporating a rotating second member

and a first member with two magnetic relationships;

Figure 5 illustrates a graph showing the modified relationship that occurs with the arrangement

used in Figures 3 and 4;

Figure 6 illustrates a side view of an alternate embodiment incorporating a rod shaped first

member;

Figure 7 illustrates a side view of an alternate embodiment incorporating a rotating third member

and a fixed second member and relative moving first member;

Figure 8 illustrates a side view of an alternate embodiment to Figure 7 incorporating a rod shaped

first member;

Figure 9 illustrates a side view of an alternate embodiment incorporating a sliding second member

and a pivoting first member pawl;

Figure 10 illustrates a side view of an alternative embodiment to Figure 9 incorporating a rod shaped

second member;

Figure 11 illustrates a side view of a further alternative with a fixed second member and moving third

member;

Figure 12 illustrates a side view of a further alternative to Figure 11 using a rod shaped first member;

and



Figure 13 illustrates a perspective view of a further alternative shaped device.

DETAILED DESCRIPTION

As noted above, described herein is a device comprising members in a kinematic relationship, the

kinematic relationship at least partially governed by at least one magnetically induced force that

introduces a force threshold that, in effect, may provide a threshold and confer a degree of hysteresis,

preventing movement until a sufficiently large energizing force is applied. The effect may be further

altered by use of an additional magnetically induced force interaction with at least one further member

to urge or slow movement once started and/or to prevent movement once a new position is reached.

For the purposes of this specification, the term 'about' or 'approximately' and grammatical variations

thereof mean a quantity, level, degree, value, number, frequency, percentage, dimension, size, amount,

weight or length that varies by as much as 30, 25, 20, 15, 10, 9, 8, 7, 6, 5, 4, 3, 2, or 1% t o a reference

quantity, level, degree, value, number, frequency, percentage, dimension, size, amount, weight or

length.

The term 'substantially' or grammatical variations thereof refers to at least about 50%, for example 75%,

85%, 95% or 98%.

The term 'comprise' and grammatical variations thereof shall have an inclusive meaning - i.e. that it will

be taken to mean an inclusion of not only the listed components it directly references, but also other

non-specified components or elements.

The term 'energizing force' and grammatical variations thereof refers to a force that acts t o impose a

rate of movement on an object.

The term 'dynamic' and grammatical variations thereof in the context of device or device part movement

refers to forces induced by mechanical means and for the purposes of this specification, excludes forces

that might arise from liquid fluid movement or pressure.

In a first aspect, there is provided a device comprising:

at least one first member or a part thereof and at least one second member or a part thereof,

the first and second members being approximately adjacent to each other and in a constrained

kinematic relationship relative to each other;

at least one magnetically attracted relationship between the at least one first and second

members forming a magnetically induced force between the members or a part thereof; and

wherein the magnetically induced force provides a force threshold preventing movement

between the members and, when this threshold is exceeded by application of an energizing force,

relative motion occurs via a dynamic system according to the kinematic relationship between the at least

one first member and at least one second member.



Relative motion in the above aspect between the at least one first member and the at least one second

member may initially be prevented by the device above and wherein the device further comprises:

at least one further magnetically attracted relationship between a third member and the at

least one first member and/or at least one second member forming a second magnetically induced force

between the at least one third member or a part thereof and the first and/or second member or

members or a part thereof; and

wherein the second magnetically induced force provides a complementary force overcoming a

force threshold resisting movement between the members such that, when this threshold is exceeded

by application of an energizing force:

(a) relative motion occurs via the kinematic relationship between the at least one first and

second member; and

(b) the second induced force accelerates the motion of the first and/or second member

relative t o the third member or members; and

(c) the second induced force provides a holding force resisting reversal of the relative motion.

The first and second members may be coupled together. Coupling may be direct or indirect, for example

via a spring or other member.

In a second aspect, there is provided a device comprising:

at least one first member or a part thereof coupled to a second member and at least one third

member or a part thereof, the first and third members being approximately adjacent to each other and

in a constrained kinematic relationship relative to each other;

at least one magnetically attracted relationship between the at least one first and third

members forming a magnetically induced force between the members or a part thereof; and

wherein the magnetically induced force provides a complementary force overcoming a force

threshold resisting movement between at least the first and third members such that, when this

threshold is exceeded by application of an energizing force:

(a) relative motion occurs via a dynamic system according to the kinematic relationship

between the at least one first and third member; and

(b) the induced force accelerates the motion of the first member relative to the third; and

(c) the induced force provides a holding force resisting reversal of the relative motion.

The complementary force noted above may act with inertia forces on the first member or members to

overcome the initial magnetically attracted relationship thereby altering the movement characteristics of

the device.

The magnetically induced force described in the above aspects may be between at least one

ferromagnetic element and/or region on and/or within the at least one first member and at least one



magnetic element and/or region on and/or within the at least one second member.

The magnetically induced force may be between at least one ferromagnetic element and/or region on

and/or within the at least one second member and at least one magnetic element and/or region on

and/or within the at least one first member.

The magnetically induced force may be between at least one magnetic element and/or region on and/or

within the at least one first member of a first polarity and at least one magnetic element and/or region

on and/or within the at least one second member of a second polarity opposite to that of the first

polarity.

As should be appreciated from the above examples, the way the magnetically induced force occurs may

be varied, not limited to combinations of adjacent magnets or order or positioning of ferromagnetic and

magnetic elements and respective members. Additionally, it should be appreciated, that the

magnetically attracted material need not be limited to ferromagnetic material and may extend to

paramagnetic materials - as such, use of the term 'ferromagnetic' or grammatical variations thereof

herein, also encompasses other magnetically attracted materials including, but not limited to,

paramagnetic materials.

Movement of the first member once the magnetically induced force is overcome may be direct - that is

the first member moves directly due to the energising force. The first member may instead move

indirectly or by proxy at least in part due to the energising force causing at least one additional

mechanical part or force dynamic t o move or interact with the first member and thereby subsequently

causing motion of the first member. Indirect means may be a dynamic force transfer via another part

such as a coupling or gear or a centrifugal force being imposed on the first member by direct force on

another part. Indirect or proxy force transfer may have the advantage of being able to amplify the

energising force.

Static or dynamic positional and/or strength adjustment of the point of action of the magnetically

induced force may also be completed by:

(a) adjusting the position of a magnetic element or conductive region on the at least one first

member or part thereof as the first member or second member moves; and/or,

(b) adjusting the position of a magnetic element or conductive region on the at least one second

member as the at least one first member or second member moves.

By way of example, the first member may comprise a slot and a portion of the first member comprising

the magnetic element or conductive region moves within the slot as the first member as a whole moves

on application of the energizing force. This additional means of adjusting movement may be useful to

further alter the force dynamics and hence the way the parts interact and hence further change the

force threshold.

Relative movement between the first member and additional member or members may be frictionless.

Magnetic forces such as the induced force noted above and any subsequent forces acting on the first



member may avoid friction contact. This may be useful t o minimise mechanical wearing on the parts.

In one embodiment, movement between the parts is predominantly goverened by dynamic forces. The

device may be free of liquid fluid with all movement between the parts due to dynamic forces.

Alternatively, the device may have some liquid fluid present but the predominant energising force on the

device members is dynamic force. Liquid based systems utilising magnetics to alter kinematic

relationships exist but these devices differ to that described herein in that that are often bi-stable - that

is, the parts are only stable in two positions. In addition, movement predominantly or wholly relies o n a

force or pressure build up from the liquid fluid as opposed t o dynamic forces. Liquid based devices also

have inherent difficulties associated with sealing the liquid and more regular maintenance being

required to ensure reliable running.

The kinematic relationship may be rotational or linear.

With respect to a rotational relationship:

• The at least one first member may be a pawl or arm shaped member or members that may be

mechanically linked to a second member that may be a rotor that rotates on application of the

energizing force; and/or

• The at least one first member may be positioned adjacent to the rotor and part of the at least

one first member may move outside the region bound by the rotor on application of a

sufficiently large energizing force to overcome the magnetically induced force; and/or

• The at least one first member may be pivotally attached to the rotor about a pivot axis offset

from the rotor axis.

With respect to a linear relationship:

• The at least one first member may be a pawl or arm shaped member or members that may be

mechanically linked to a second member that may be a carriage that translates on application of

the energizing force; and/or

· The at least one first member may be linearly attached t o the carriage about a pivot axis offset

from the direction of motion of the carriage.

The at least one first member or a part thereof may be positioned t o engage with at least one latching

member upon movement of the at least one first member and at least one second member when the

energizing force is applied. Engagement of the at least one first member and at least one latching

member may result in no relative motion between the at least one second member and the at least one

latching member.

The third member may be at least one latching member positioned to engage with the at least one first

member upon movement of the at least one first member when the energizing force is applied .

The at least one first member or a part thereof may be electrically conductive and, relative movement

after the threshold is overcome causes the at least one first member to move into a magnetic field



wherein an eddy current induced drag effect occurs on movement of the at least one first member.

The device may include a magnetic field that interacts with movement of the first member thereby

inducing an eddy current drag force on the first member causing linear and/or rotational translation of

the at least one first member about a line or point, inclined or offset respectively from the line of action

of the eddy current induced drag force.

The at least one first member may move at least partially orthogonally to the direction of movement of

the second member as defined by the kinematic relationship and/or pivotally relative to the magnetic

field on application of the energizing force.

The kinematic relationship may be constrained by use of an aperture in the at least one first member

defining the range of movement and a stop defines one or more distal points of the aperture. The

magnetically attracted relationship may exist about each distal point of the aperture.

The magnetic field may be stationary or moving at a different relative speed to the at least one first

member.

The rate at which the at least one first and second members move relative to each other may be further

tuned by varying at least one of:

(a) the magnetic surface area;

(b) the magnetic force strength;

(c) the proximity of the at least one magnetic element and/or region t o adjacent at least one

magnetic or ferromagnetic element and/or regions;

(d) the geometry and/or magnetic properties of the at least one magnetic element;

(e) the ferromagnetic content of the at least one ferromagnetic element and/or regions;

(f) the magnetic susceptibility of the ferromagnetic material

As should be appreciated from the above, the members may take various shapes or weights, factors that

influence the activation and/or rate of motion of the member or members once movement is initiated.

The magnetic interaction may for example be continuous across a first member length or spaced apart or

of varying dimensions to thereby adjust the flux occurring. The magnetically interacting portion of the

first or other members may be the whole member or only a portion thereof. Where only a portion of

the member magnetically interacts, the location of the interacting portion either on the exterior, interior

or part of the member, can be altered.

In a third aspect, there is provided a brake comprising:

a device substantially as described above; and

wherein the at least one first member or a part thereof is at least partially electrically conductive

and in a further kinematic relationship with an independent magnetic field such that,



(a) prior to a sufficient energizing force, the at least one first member and at least one second

member remain magnetically coupled and a first no or low induced eddy current brake effect

occurs; and,

(b) on application of an energizing force sufficient to overcome the magnetically induced force, the

at least one first member moves into the magnetic field thereby inducing an eddy current brake

effect on movement of the at least one first member or a part thereof relative to the magnetic

field.

In a fourth aspect, there is provided a line dispensing device incorporating at least one device

substantially as described above. Line dispensing devices such as auto belay devices are widely used t o

prevent falls in both recreational and industrial applications. In some cases, magnetically attracted

relationships may be useful to tune the auto belay device characteristics.

In a fifth aspect, there is provided a passenger seat restraint incorporating webbing for extending and

retracting, the webbing operatively coupled to at least one device substantially as described above. One

example of a passenger seat restraint may be a seat belt used in a vehicle such as a car. Seat belts are a

critical safety feature and the above described device may provide a useful alternative to existing designs

particularly given the ability to tune the response in the wide variety of ways noted.

In a sixth aspect, there is provided a transmission drive incorporating at least one device t o engage a

rotational drive substantially as described above.

In a seventh aspect, there is provided a linear guided lifeline incorporating at least one device

substantially as described above.

The above examples should not be seen as limiting since the devices described may be used for a wide

variety of other applications, non-limiting examples including speed control of:

• a rotor in a rotary turbine;

• exercise equipment e.g. rowing machines, epicyclic trainers;

· roller-coasters and other amusement rides;

• Elevator and escalator systems;

• evacuation descenders and fire escape devices;

• conveyer systems:

• rotary drives in factory production facilities;

· materials handling devices such as conveyer belts or a braking device in a chute;

• dynamic display signage t o control the rate of change of rotating signs;

• roadside safety systems e.g. the eddy current brake may be connected in a system t o provide

crash attenuation though the dissipation of energy via the brake;

• seat belts in vehicles;

· braking mechanisms for trolleys and carriages.



As noted above, one advantage of the above device includes the ability to control when movement

prescribed by the kinematic relationship occurs. In addition, a further advantage of the device is t o also

influence the kinematic relationship once movement commences. The magnitude of the inertia effect

may be tuned between extremes of a high resistance to movement through to a low resistance to

movement. In addition, through use of an additional magnetic member, the threshold and rate of

movement via the kinematic relationship may also be influenced greater or less. Tuning in this way may

have the effect of avoiding on/off chatter and confer a degree of hysteresis in the device action.

Through a third member, deactivation may also be tuned so as t o avoid accidental disengagement for

example from a latch. Another, further advantage of the above device is the wide range of ability t o

control and vary movement via the kinematic relationship meaning the device is able to be used in a

range of different ways and applications and minimise the likelihood of false activations.

The embodiments described above may also be said broadly to consist in the parts, elements and

features referred to or indicated in the specification of the application, individually or collectively, and

any or all combinations of any two or more said parts, elements or features, and where specific integers

are mentioned herein which have known equivalents in the art t o which the embodiments relates, such

known equivalents are deemed to be incorporated herein as of individually set forth,

Where specific integers are mentioned herein which have known equivalents in the art t o which this

invention relates, such known equivalents are deemed to be incorporated herein as if individually set

forth.

WORKING EXAMPLES

The above described device is now described by reference t o specific examples.

For ease of description in the examples, only a single first member is typically shown although it should

be appreciated that multiple first members may be used.

A magnetic field through which the first member(s) move and third or latching member are generally

shown for prolixity as continuous regions. The magnetic field, (if present at all) may for example be a

series of discrete magnets or even just one magnet. Similarly, the third member (if present) may take on

various shapes or surface contours, with only a limited number of examples shown for clarity.

While certain movement, for example of the first member(s) may be shown in an example, it should be

appreciated that the magnetic field if present, the second member and/or the third member(s) may also

move or even the first member remain fixed while the other member(s) move.

EXAM PLE 1

As illustrated by the schematic of Figure 1, the device 1 in the embodiment shown comprises a first



member 2 moving relative to a second member 5, in this example shown as being a rotor that rotates

about rotor axis 6 in direction A. A third member 4 is also shown.

The first member 2 as shown is attached to the second member 5 and a kinematic relationship exists

between the parts constrained by the first member pivot axis 7, the location of the third member 4 and

the speed of rotation of the second member 5 .

A magnetically induced force is in place between the first member 2 and the second member 5 via a

magnet or magnets 8, in the Figure shown as being a block shape and linked to the second member 5.

The first member 2 includes a portion 9 or as a whole is magnetically attracted to the magnet 8. The

magnetically induced force prevents relative movement between the first member 2 and second

member 5 until a threshold force F is exceeded by an energizing force E. In the embodiment of Figure 1,

the energizing force is created by rotation of the second member 5 sufficiently fast that due to

centrifugal and inertial action, the threshold force F is overcome and the first member 2 rotates about

the pivot axis 7.

Figure 2 illustrates this action comparing movement of the first member 2 (termed a pawl in Figure 2)

versus the force Fapplied. No or minimal movement occurs until the energizing force is reached

(marked as Ftrigger in Figure 2) after which point the magnetically induced force dissipates quickly as

the first member 2 moves away from the second member 5 . As should be appreciated, introducing the

input of a threshold force slows activation of the first member 2 and hence adjusts the timing of any

subsequent event brought on by movement of the first member 2.

The kinematic relationship between the members 2, 5 may be altered in various ways, one example

being to alter the threshold force by varying the conductivity of the first member 2 or by varying the

magnet 8 dimensions and/or placement (e.g. recessed into the second member 5).

EXAM PLE 2

Figure 3 illustrates an addition to the device of Example 1. In this example, a third member 4 is added,

the third member 4 applying a magnetically induced force on the first member 2 thereby further

changing the kinematic relationship between the various members 2, 4, 5. In the embodiment shown, a

magnet is placed on the third member 4 that attracts a portion 9 or all of the first member 2. The

induced force to the third member 4 is not sufficiently strong enough to overcome the induced force

between the first member 2 and second member 5 until sufficient energizing force is applied (e.g. via

rotation of the second member 5 about axis 6) t o overcome the threshold force. When movement of

the first member 2 starts to occur, the magnet on the third member 4 may then urge motion of the first

member 2 to the third member 4 . The magnet 10 on the third member 4 may also provide sufficient

force to hold the first member 2 against the third member 4 . A magnetic field 3 may lie adjacent to the

first member 2 and may also apply a braking force on movement of the first member 2 due t o

magnetically induced eddy current effects.



Figure 4 illustrates an alternative embodiment that may be used t o achieve the above interactions. In

this case, the first member 2 is shaped t o have a jaw and a stop connected to a second member 5 lies

within the jaw region. The first member 2 is in a kinematic relationship with the second member 5 so

that when the second member 5 rotates, a centrifugal force occurs on the first member 2 causing it t o

move outwards relative to the second member 5 axis of rotation about the first member pivot axis 7.

The jaws of the first member 2 act t o define maximal movement. The stop may be a magnet 8 that is

magnetically attracted to a side 9 or all of the first member 2 jaws. This embodiment has a similar effect

to that of Figure 3 albeit that the first member jaws act as separate points where magnetically induced

forces act.

Figure 5 shows a graph of how the forces in either the embodiment of Figure 3 or Figure 4 would interact

relative t o the first member 2 as it moves. The magnetically induced force is high at either extreme of

movement of the first member 2 and low midway. The magnetically induced force is overcome once the

energizing force overcomes a threshold indicted by the words 'trigger' and 'hold' on the graph.

EXAM PLE 3

Figure 6 illustrates a further embodiment where the first member 2 takes the form of a rod, the rod 2

translating into or out of an aperture (not shown) in the second member 5 along line of translation

marked XX. Rotation of the second member 5 about axis A induces an energizing force that, once the

magnetically induced force between magnet 8 and the second member 5 is overcome, causes translation

of the rod 2 out of the aperture and one end of the rod 2 may interact with a third member 4 via a further

magnet (not shown). This example illustrates how the first member 2 may take on different shapes and

forms and movement of the first member 2 may be via an axis of rotation as in earlier Examples or

translation as in this example.

EXAM PLE 4

Figure 7 illustrates a further embodiment of the latch device 1. In this embodiment, the second member

5 and first member 2 lie on the outside circumference of a rotating magnetic field 3 and the third

member 4, the axis of rotation being item 6 and the direction of movement being in a clockwise direction.

The first member 2, on application of an energizing force, overcomes the magnetically induced force

between the magnet 8 linked to the second member 5 and the first member 2, and then moves about a

rotation axis 7 with at least part of the first member 2 moving into the magnetic field 3. In the

embodiment shown, an eddy current drag force (not shown) is induced urging rotation of the first

member 2 until the first member 2 engages with the third member 4 halting relative rotation of the third

member 4 and magnetic field 3. Note that the third member 4 need not be present or instead, the third

member 4 may simply act as a stop to further rotation of the first member 2 but not latch.



EXAM PLE 5

As illustrated in Figure 8, the same principle shown in Figure 7 can be applied using the rod shaped first

member 2 first discussed in Example 3 above. In this example, the second member 5 and first member

rod 2 are fixed in position on a part of the circumference of the device 1 and the magnetic field 3 and

third member 4 rotate about axis 6 in direction A. It should be noted that the first member rod 2 is offset

in a direction inclined relative to the direction of rotation so as t o allow translational movement of the

rod 2 out of (and back into) the second member 5 under the influence of inertial effects.

EXAM PLE 6

Referring to Figure 9, an alternative embodiment is shown where linear motion is used as opposed to

rotational motion illustrated in the above Examples.

The second member 5 moves along a plane in direction YY. A first member 2 in this case shown as a pawl

with one end attached to a pivot axis 7 is fastened to the second member 5. A magnet 8 is located on the

second member 5 that creates a magnetically induced force with the first member 2. When the second

member 5 moves in a linear direction YY, the first member 2 overcomes a threshold force and then

moves into the magnetic field 3 and is urged via eddy current drag forces and inertial forces to rotate

about the axis 7 until the first member 2 or a part there of strikes and engages the third member 4 .

EXAM PLE 7

Figure 10 shows a similar embodiment to that of Example 6, this time using a rod as the first member 2

that translates via line XX instead of rotating about an axis. The rod 2 interacts with a magnet 8 located

on the second member 5. As the second member 5 moves in a linear direction YY, the first member rod 2

is drawn out of the second member 5 due to the eddy current induced drag force and inertial force due to

movement of the rod 2 in the magnetic field 3.

EXAM PLE 8

Figure 11 shows an embodiment similar to that described in Example 6 however, in Figure 11, the

magnetic field 3 and third member 4 move in linear direction YY and the pawl shaped first member 2 and

second member 5 remain stationary relative to the direction YY movement. The movement of the

magnetic field 3 overcomes the magnetically induced force between the magnet 8 and a side or all of the

first member 2 thereby urging movement of the conductive first member 2 about axis 7 until the first

member 2 engages the third member 4 at which point relative movement is halted.



EXAM PLE 9

Figure 12 shows the embodiment of Example 8 however this time using a rod shaped first member 2

described in earlier Examples. As should be appreciated, the first member 2 shape can also be altered in

this scenario of a fixed second member 5 and moving magnetic field 3 and latch member 4 .

EXAM PLE 10

Figure 13 illustrates a yet further variation of the device 1. In this example, the first member 2 is formed

as a tube. The first member tube 2 may move rotationally about direction B and translate in a linear

direction A along the axis of rotation. The first member tube 2 may be moved via translation direction A,

into a second member that may be a magnet or magnetised cylinder 3. Translational movement may be

restrained by use of a magnet 8 linked to the axis of rotation. The magnet 8 forms a magnetically induced

force between the magnet 8 and first member 2 until a sufficient threshold force is reached by an

energizing force. When the threshold is reached, the first member 2 translates into the second member

3. Relative variation in movement between the first member 2 and second member 3 induces an eddy

current drag that slows rotation of the tube 2 relative to the magnetised cylinder 3. Optionally, a pawl 20

may engage a third member, in this case a latch 4, in this example, the latch 4 may be a mating

indentation inside the second member 3 that the pawl 20 interlocks with. A further magnet (not shown)

may be incorporated on or in the third member 4 to create a magnetically induced force between the

parts. Translational movement of the tube 2 may be urged via a driving mechanism such as a threaded

shaft 30.

Aspects of the device have been described by way of example only and it should be appreciated that

modifications and additions may be made thereto without departing from the scope of the claims herein.



WHAT IS CLAIMED IS:

1. A device comprising:

at least one first member or a part thereof and at least one second member or a part

thereof, the first and second members being approximately adjacent to each other and in a

constrained kinematic relationship relative to each other;

at least one magnetically attracted relationship between the at least one first and second

members forming a magnetically induced force between the members or a part thereof; and

wherein the magnetically induced force provides a force threshold preventing movement

between the members and, when this threshold is exceeded by application of an energizing force,

relative motion occurs via a dynamic system according to the kinematic relationship between the at

least one first member and at least one second member.

2. The device as claimed in claim 1 wherein relative motion between the at least one first member

and the at least one second member is initially prevented by the device as in claim 1 and wherein the

device further comprises:

at least one further magnetically attracted relationship between a third member and the at

least one first member and/or at least one second member forming a second magnetically induced

force between the at least one third member or a part thereof and the first and/or second member or

members or a part thereof; and

wherein the second magnetically induced force provides a complementary force overcoming

a force threshold resisting movement between the members such that, when this threshold is

exceeded by application of an energizing force:

(a) relative motion occurs via the kinematic relationship between the at least one first and

second member; and

(b) the second induced force accelerates the motion of the first and/or second member

relative t o the third member or members; and

(c) the second induced force provides a holding force resisting reversal of the relative

motion.

3. The device as claimed in claim 1 or claim 2 wherein the first and second members are coupled

together.

4 . A device comprising:

at least one first member or a part thereof coupled to at least one second member or part



thereof and at least one third member or a part thereof, the first and third members being

approximately adjacent to each other and in a constrained kinematic relationship relative to each

other;

at least one magnetically attracted relationship between the at least one first and third

members forming a magnetically induced force between the members or a part thereof; and

wherein the magnetically induced force provides a complementary force overcoming a force

threshold resisting movement between at least the first and second members such that, when this

threshold is exceeded by application of an energizing force:

(a) relative motion occurs via a dynamic system according to the kinematic relationship

between the at least one first and third member; and

(b) the induced force accelerates the motion of the first member relative to the third; and

(c) the induced force provides a holding force resisting reversal of the relative motion.

5. The device as claimed in any one of the above claims wherein the magnetically induced force is

between at least one ferromagnetic element and/or region on and/or within the at least one first

member and at least one magnetic element and/or region on and/or within the at least one second

member.

6. The device as claimed in any one of the above claims wherein the magnetically induced force is

between at least one ferromagnetic element and/or region on and/or within the at least one second

member and at least one magnetic element and/or region on and/or within the at least one first

member.

7. The device as claimed in any one of the above claims wherein the magnetically induced force is

between at least one magnetic element and/or region on and/or within the at least one first member

of a first polarity and at least one magnetic element and/or region on and/or within the at least one

second member of a second polarity opposite to that of the first polarity.

8. The device as claimed in any one of the above claims wherein the first member moves directly due

to the energising force.

9. The device as claimed in any one of claims 1 to 7 wherein the first member moves indirectly at least

in part due to the energising force causing at least one additional mechanical part or force dynamic to

move or interact with the first member and thereby subsequently causing motion of the first



member.

10. The device as claimed in any one of the above claims wherein static or dynamic positional and/or

strength adjustment of the point of action of the magnetically induced force may also be completed

by:

(a) adjusting the position of a magnetic element or conductive region on the at least one first

member or part thereof as the first member or second member moves; and/or,

(b) adjusting the position of a magnetic element or conductive region on the at least one second

member as the at least one first member or second member moves.

11. The device as claimed in any one of the above claims wherein relative movement between the

first member and additional member or members is frictionless.

12. The device as claimed in any one of the above claims wherein movement between the parts is

predominantly goverened by dynamic forces.

13. The device as claimed in any one of the above claims wherein the at least one first member is a

pawl or arm shaped member or members that are mechanically linked to a second member that is a

rotor that rotates on application of the energizing force.

14. The device as claimed in claim 13 wherein the at least one first member is positioned adjacent to

the rotor and part of the at least one first member moves outside the region bound by the rotor on

application of a sufficiently large energizing force to overcome the magnetically induced force.

15. The device as claimed in claim 13 or claim 14 wherein the at least one first member is pivotally

attached to the rotor about a pivot axis offset from the rotor axis.

16. The device as claimed in any one of claims 1 to 12 wherein the at least one first member is a pawl

or arm shaped member or members that are mechanically linked to a second member that is a

carriage that translates on application of the energizing force.

17. The device as claimed in claim 16 wherein the at least one first member is linearly attached to the

carriage about a pivot axis offset from the direction of motion of the carriage.



18. The device as claimed in any one of the above claims wherein the at least one first member is

positioned to engage with at least one latching member upon movement of the at least one first

member and at least one second member when the energizing force is applied.

19. The device as claimed in claim 18 wherein engagement of the at least one first member and at

least one latching member results in no relative motion between the at least one second member and

at least one latching member.

20. The device as claimed in claim 2 or claim 4 wherein the third member is at least one latching

member positioned to engage with the at least one first member upon movement of the at least one

first member when the energizing force is applied

21. The device as claimed in any one of the above claims wherein the at least one first member or a

part thereof is electrically conductive and relative movement after the threshold is overcome, causes

the at least one first member to move into a magnetic field wherein an eddy current induced drag

effect occurs on movement of the at least one first member.

22. The device as claimed in claim 21 wherein the magnetic field is stationary or moving at a different

relative speed to the at least one first member.

23. The device as claimed in any one of the above claims wherein the rate at which the at least one

first and second members move relative to each other is further tuned by varying at least one of:

(a) the magnetic surface area;

(b) the magnetic force strength;

(c) the proximity of the at least one magnetic element and/or region to adjacent at least one

magnetic or ferromagnetic element and/or regions;

(d) the geometry and/or magnetic properties of the at least one magnetic element;

(e) the ferromagnetic content of the at least one ferromagnetic element and/or regions;

(f) the magnetic susceptibility of the ferromagnetic material.



24. A brake comprising:

a device as claimed in any one of the above claims; and

wherein the at least one first member or a part thereof is at least partially electrically conductive

and in a further kinematic relationship with an independent magnetic field such that:

(a) prior to a sufficient energizing force, the at least one first member and at least one second

member remain magnetically coupled and a first no or low induced eddy current brake effect

occurs; and

(b) on application of an energizing force sufficient to overcome the magnetically induced force,

the at least one first member moves into the magnetic field thereby inducing an eddy

current brake effect on movement of the at least one first member or a part thereof relative

to the magnetic field.

25. A line dispensing device incorporating at least one device as claimed in any one of claims 1 to 24.

26. A passenger seat restraint incorporating at least one device as claimed in any one of claims 1 to

24.

27. A transmission drive incorporating at least one device t o engage a rotational drive as claimed in

any one of claims 1 to 24.

28. A linear guided lifeline incorporating at least one device as claimed in any one of claims 1 to 24.

















INTERNATIONAL SEARCH REPORT International application No.

PCT/NZ2015/050113

A . CLASSIFICATION OF SUBJECT MATTER

H02K 49/04 (2006.01) B60L 7/28 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPIAP, TXTE, ESPACENET, GOOGLE PATENTS, GOOGLE SCHOLAR, AUSPAT:

Keywords & IPC/CPC: magnetic, force prevent, chatter, movement, energising, force, threshold, exceed, A62B1/08, B60L7/28,
B60L7/08, H02K49/04 and similar terms.

Applicant (Eddy Current Limited Partnership and Holmes Solutions Limited) and Inventor (Diehl, Andrew Karl; Allington,
Christopher James) name search on ESPACENET, GOOGLE & AUSPAT.

Applicant and inventor name search performed on internal systems provided by IPAustralia.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed i the continuation of Box C

X Further documents are listed in the continuation of Box C X See patent family annex

* Special categories of cited documents:
"A" document defining the general state of the art which is not "T" later document published after the international filing date or priority date and not in

considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention

" earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken

alone
"L" document which may throw doubts on priority claim(s) or "Y" document of particular relevance; the claimed invention cannot be considered to

which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O" document referring to an oral disclosure, use, exhibition
or other means "&" document member of the same patent family

"P" document published prior to the international filing date

Date of the actual completion of the international search Date of mailing of the international search report

18 November 2015 18 November 20 15

Name and mailing address of the ISA/AU Authorised officer

AUSTRALIAN PATENT OFFICE John Grehan
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)

Telephone No. 0262832972

Form PCT/ISA/210 (fifth sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/NZ2015/050113

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 201 1/01 14907 A l (HARTMAN et al.) 19 May 201 1

X See whole document especially: Abstract, Fig. 4, paragraphs 0036, 0038, 0049-0054 1, 3, 5-19, 23, 25-28

A See whole document 2, 4, 20-22, 24

US 2013/0048422 A l (HARTMAN et al.) 28 February 2013

X See whole document especially: Fig. 3, paragraphs 0010, 0038-0045, 0065, claim 4 1, 3, 5-19, 23, 25-28

A See whole document 2, 4, 20-22, 24

Form PCT/ISA/210 (fifth sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/NZ2015/050113

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 201 1/01 14907 A l 19 May 201 1 US 201 114907 A l 19 May 201

US 8556234 B2 15 Oct 201 3

US 20 13/0048422 A l 28 February 20 13 US 2013048422 A 1 28 Feb 2013

US 9016432 B2 28 Apr 2015

CA 2646073 A l 09 Mar 2009

US 2009159373 A l 25 Jun 2009

US 8272476 B2 25 Sep 2012

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
Form PCT/ISA/2 0 (Family Annex)(July 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

