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In accordance with a preferred embodiment, a vehicle crash discrimination system (10) comprises a plurality of coil sensors (18)
permanently mounted to a vehicle pillar (16), and a magnet (20) either mounted to a door (14) edge surface juxtaposed to the coils, or to
the pillar (16) if a suitable ferromagnetic flux collector (28) is mounted on the door edge. The shape, size and spacing of the coils (19) is
predetermined to provide output signals in the coils responsive to the change in the magnetic field caused by the movement of the door
surface. The change in magnetic field is analyzed to indicate a vehicle crash.
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WO 98/31572 PCT/US98/01245
VEHICLE DOOR EDGE MOVEMENT SENSOR SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

The instant application claims the benefit of prior U.S. Provisional Application Serial

No. 60/035,454 filed January 17, 1997.

TECHNICAL ART

The instant invention generally relates to vehicle crash discrimination systems, and

more particularly to a system suitable for reliably detecting impacts to the side of a vehicle.

BACKGROUND OF THE INVENTION

Generally speaking, there are known vehicle crash detection systems which attempt to
detect side impacts using accelerometers mounted on the B-pillar, the rocker panel, the
reinforcing beam, or some other location on or near the door of the vehicle. Other known
systems use contact switches, or sense pressure changes within the door. Some distributed

sensing systems have also been proposed.

These systems have not proven entirely satisfactory. More specifically, signals received
by accelerometers and contact switches vary greatly depending on the location, magnitude
and direction of impact. These arrangements only provide localized acceleration and velocity
information, which does not necessarily reflect what is happening away from their mounting
point. For example, a 15 mph pole impact (a typical airbag deployment scenario) which
occurs at the sensor mounting location can induce a relatively large amplitude signal which

initiates a proper air bag deployment, while one that occurs a foot or two away may give

~ sensor signals having significantly lower amplitude thereby resulting in non-deployment of

the air bag. This makes it very difficult to discriminate "fire" conditions from "no fire"

situations in many cases.

Distributed sensor arrangements are difficult to install and maintain. Their cost may also

be excessive due to the need for increased wiring and mounting requirements.
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Furthermore, most accelerometers require a power source and thus present another
potential point of system failure. Yet further, post-installation calibration of such sensors
must generally be done electronically. While this may insure accurate sensing of acceleration
relative to the module, it can not account for changes in the module mounting support or

orientation which could result from damage caused by prior "no fire" collisions.

U.S. Patent 5,580,084 discloses and claims a system and method for controlling actuation
of a vehicle safety device by detecting variations in the magnetic field that is influenced by a
ferromagnetic element mechanically coupled to a portion of the vehicle subject to plastic
strain, whereby the plastic strain creates elastic strain waves in the ferromagnetic element
which causes the ferromagnetic properties thereof the be altered by the strain waves though
the process of magnetostriction. U.S. Patent 5,580,084 does not teach the generation of a
signal from the change in reluctance of a magnetic circuit caused by the rigid body motion of
the elements therein. Furthermore, the variations in the magnetic field caused by elastic strain
waves in the ferromagnetic element resulting from magnetostriction provides in itself a very
low amplitude signal which is relatively insignificant with respect to variations in magnetic
field caused by relative motion of rigid body elements in an associated magnetic circuit

resulting from macroscopic magnetic inductive effects.

SUMMARY OF THE INVENTION

The instant invention solves the above-noted problems by providing a magnetic induction
sensing system which creates a magnetic path which spans across proximal portions of two
proximal elements of a motor vehicle which undergo relative motion responsive to a crash, for
example proximal portions of the vehicle B-pillar and the edge surface of the associated

vehicle door. As a side impact crash sensor, the instant invention detects automotive

collisions that occur on or near a driver side or passenger side door, and is capable of sensing

crashes whether they are localized (such as pole crashes) or broad-area hits (like bumper hits)

from its mounting location on the B-pillar.

When subjected to a side impact collision, the relatively rigid vehicle door beam transfers

the crash signal to the edge wall of the door. The door beam acts in rotation to magnify the

D
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motion of the crash. Therefore, a measurement of acceleration at the door edge wall captures
the effects of impacts to the door and is effective for controlling the actuation of an associated
side impact air bag which is useful for mitigating injury to an associated occupant subjected to
a side-impact crash. Magnetic induction sensors mounted on the relatively fixed structure of
the car, such as the A and B-pillars, register substantial signals that correlate well with the
motion of the associated proximal edge wall of the door. These signals are caused by

macroscopic motions and not magnetostrictive effects.

The instant invention incorporates a plurality of coils mounted on a pillar of the car
adjacent the door edge. With a single sensing coil it is extremely difficult to resolve the exact
nature and amplitude of relative motion between the edge wall and pillar during impact, in
part because of variations in the edgewall/pillar spacing that can occur amongst vehicles, or
within the same vehicle over time. This problem is exacerbated because of the different types
of relative motions that occur during a side impact motion in the crash direction, movement of
the edge wall toward or away from the A/B pillar, and twisting and rotation of the edge wall.
These multiple motions and variations in distance can be resolved with multiple coils on the

pillar, and by control of the variations in the magnetic field along the edge wall.

In accordance with a first aspect of the instant invention, a system for discrimination
vehicle crash situations comprises at least one coil mounted to a frame member of the vehicle,
a magnet mounted to a vehicle member so as to create a magnetic field detectable by the at
least one coil, and a processor connected to the at least one coil, wherein the at least one coil is
induced into producing an output signal in response to change in the magnetic field caused by
movement of the vehicle member in relation to the frame member. The processor analyzes

the at least one coil output to determine if the change in magnetic field is indicative of a

vehicle crash.

In accordance with a second aspect of the instant invention, a method of discriminating a
vehicle crash comprises the steps of creating a magnetic field between an exterior structural
member of the vehicle and a juxtaposed vehicle frame member, and detecting changes in the
magnetic field, wherein movement of the exterior structural member relative to the frame
member causes corresponding changes in the magnetic field. A vehicle collision is

determined based on the detected change in the magnetic field.

-3-
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Accordingly, one object of the instant invention is to provide an improved vehicle crash
discrimination system and method that can be mounted to a vehicle pillar and still reliably
detect side impacts occurring anywhere along the outer surface of the vehicle side, suchas at a

door or quarter panel location.

A further object of the instant invention is to provide an improved vehicle crash
discrimination system and method that discriminates vehicle crashes by sensing motion of a

vehicle door edge.

A yet further object of the instant invention is to provide an improved vehicle crash
discrimination system and method that detects motion of a vehicle door edge without

extending any electrical wiring to the door.

A yet further object of the instant invention is to provide an improved vehicle crash

discrimination system and method that detects motion of a vehicle door edge via magnetic

induction.

A yet further object of the instant invention is to provide an improved vehicle crash
discrimination system and method that detects motion of a vehicle door edge via magnetic

induction utilizing a coil arrangement which can detect three-dimensional motion.

In accordance with these objectives, one feature of the instant invention is a magnetic
circuit spanning across proximal portions of two proximal elements of the motor vehicle
which undergo relative motion responsive to the crash, whereby the magnetic circuit
comprises a magnet for creating a magnemotive force within the magnetic circuit and one

or more coils for detecting a change in the magnetic field of the magnetic circuit.

Another feature of the instant invention is a magnetic circuit with the one or more coils
mounted on one of the proximal portions and a magnet mounted on the other proximal

portion.
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Yet another feature of the instant invention is a magnetic circuit with a coil and magnet
mounted on the same proximal portion and a ferromagnetic structure mounted on the other

proximal portion.

Yet another feature of the instant invention is the incorporation of a vehicle door edge
as one of the proximal portions and the portion of the vehicle body structure adjacent

thereto as the other proximal portion.

Yet another feature of the instant invention is a signal processor for controlling the

activation of a motor vehicle safety restraint system responsive to the signals from the

coils.

Yet another feature of the instant invention is the control of a motor vehicle safety
restraint system responsive to the magnitude of the maximum amplitude signal. from the

coils.

Yet another feature of the instant invention is the control of a motor vehicle safety

restraint system responsive to the width of the maximum amplitude signal. from the coils.

Yet another feature of the instant invention is the control of a motor vehicle safety

restraint system responsive to the separation in time of the signals from a plurality of coils.

Yet another feature of the instant invention is detection of side impact crashes by

sensing the acceleration of a vehicle door edge.

The specific features of the instant invention provide a number of associated
advantages. One advantage of the instant invention with respect to the prior art is that by

sensing the motion of a vehicle door edge, impacts to any significant part of the vehicle

door can be detected.

The instant invention will be more fully understood after reading the following detailed

description of the preferred embodiment with reference to the accompanying drawings.
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While this description will illustrate the application of the instant invention for controlling
the activation of a side impact safety restraint system, it will be understood by one with
ordinary skill in the art that the instant invention can also be applied to crash sensing
systems by sensing the relative motion of other proximal elements of the vehicle, such as

for sensing frontal impacts by sensing the relative motion of the hood and fender.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a vehicle crash discrimination system incorporating a magnetic

induction sensor in accordance with a first embodiment of the instant invention.

FIG. 2 illustrates the magnetic circuit of the magnetic induction sensor illustrated in Fig.

FIG. 3 is a block diagram showing a vehicle crash discrimination system in accordance

with a second embodiment of the instant invention.

FIG. 4 illustrates various mounting arrangements of the instant invention for a side

impact crash sensing system.

FIG. 5 illustrates an arrangement of the instant invention which is relatively immune to

relatively skewed motion of the proximal elements.

FIG. 6 illustrates the output of a single coil in accordance with the instant invention.

FIG. 7 illustrates the outputs from three coils in accordance with the instant invention,

and further illustrates various signal processing measures.

FIG. 8 illustrates various arrangements or a magnet relative to a set of three coils in

accordance with the instant invention and in accordance with Figs. 9 and 10.
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FIG. 9 illustrates the signal from the second coil in accordance with the arrangement of

Fig. 8 for various initial positions of a magnet relative to the coils.

FIG. 10 illustrates the signal from the third coil in accordance with the arrangement of

Fig. 8 for various initial positions of a magnet relative to the coils.

5 FIG. 11 illustrates the signals from one of the coils of the instant invention for relatively

skewed motions of the proximal elements.

FIG. 12 illustrates a vehicle crash discrimination system incorporating a magnetic

induction sensor in accordance with a second embodiment of the instant invention.

FIG. 13 illustrates a vehicle crash discrimination system incorporating a magnetic

10  induction sensor in accordance with a third embodiment of the instant invention.

FIG. 14 illustrates a vehicle crash discrimination system incorporating a magnetic

induction sensor in accordance with a fourth embodiment of the instant invention.

FIG. 15 illustrates an environment of the third embodiment of the instant invention

illustrated in Fig. 13.

15 FIG. 16 illustrates an environment of the fourth embodiment of the instant invention

illustrated in Fig. 14.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Referring to Figs. 1 and 4, because of problems in installing and servicing sensors on or

inside a vehicle door, and more importantly, in guaranteeing the integrity of the signal path

20  during a serious crash, a crash discrimination system 10 in accordance with the instant
invention is arranged to sense the motion of the door's edge wall from a mounting location on

the frame of the car, such as the vehicle B-pillar 16. A Ilateral reinforcing beam 9
conventionally located inside the door guarantees that a serious impact anywhere on the door

will be transmitted almost immediately to the edge wall 12 of the door.

-
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Referring to Figs. 1 and 2, in accordance with one embodiment of the instant invention, a
magnetic induction sensor 14, comprising a plurality of coils 18 mounted to a flux collector
28, is mounted proximal, for example in the A and/or B-pillar 16, to a magnet 20 attached to
the edge wall 12 of the door. The magnetic induction sensor 14 is separated from the
magnet 20 by an air gap. Each of the plurality of coils 18 comprises a winding 19 over a
ferromagnetic pole piece 29, whereby the combination of the coils 18, pole pieces 29, flux
collector 28, magnet 20 and air gap comprise a magnetic circuit, for which the magnet

provides a magnemotive force which creates flux linkages 30 within the magnetic circuit.

In operation, an impact to the door sufficient to engage the lateral reinforcing beam 9
thereof moves the edge wall 12 of the door causing the magnet 20 to move with respect to
the magnetic induction sensor 14 thereby changing the flux linkages 30 to each of the coils
18 so as to generate a signal therein in accordance with Faraday’s law. The output signals
from each of the coils 18 is correlated with the macroscopic motion of the edge wall 12 of the
door The output signals from the coils 18 are operatively coupled to a processor 22, which
controls the activation of one or more safety restraint actuators 24 responsive thereto. The
processor 22 can comprise a variety of means including but not limited to digital circuitry,
analog circuitry, relay logic, a digital computer, a microprocessor, a digital signal
processor, or a combination in whole or in part thereof, and furthermore, can be integrated

into a conventional accelerometer-based sensing module.

In general, in accordance with the instant invention, a magnetic induction sensor is formed
by creating a magnetic circuit spanning across proximal portions of two proximal elements of
a motor vehicle, wherein one component of the magnetic circuit 50 is attached to one of the
proximal elements, and a remaining component of the magnetic circuit 52 is attached to the
other proximal element. The magnetic circuit comprises one or more magnets 20 for creating
a magnemotive force within the magnetic circuit, and one or more coils 18 which are

responsive to the magnetic field -- particularly to motion induced changes thereto — within the

magnetic circuit.

The magnetic induction sensors 14 comprises plurality of coils 18 proximate one

another and operatively connected to a flux collector 28. While a single sensing coil could be

-8-
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employed, the use of a single coil does not necessarily provide sufficient output to facilitate
determination of the exact nature and amplitude of relative motion between the edge wall and
pillar during an impact. This is partly due to variations in edge wall/pillar spacing w that can
occur between vehicles, or in the same vehicle over time. The problem is exacerbated
because of the different types of relative motion that occur during a side-impact motion in the
crash direction, movement of the edge wall toward or away from the A/B pillar, and twisting
and rotation of the edge wall. Referring to Fig. 3, the coils 18 of the magnetic induction
sensors 14 may be arranged on the flux collector 28 so as to be responsive to general
transverse motions of the magnet, whereby for example three coils 18 are located along the
path of the magnet 20 during normal operation of the door, and one coil is located so as to
enable the determination of the direction of a vertical deflection of the edge wall 12 of the
door . Furthermore, referring to Fig. 5, the magnet may be provide with a spring 34 so as to

bias the magnet to slide adjacent the proximal surface of the magnetic induction sensor 14.

The crash discrimination system 10 further comprises a small magnet 20 either fixed
permanently across from the coils 18 on the door's edge wall (as shown in Fig. 1), or placed
on the pillar with a ferromagnetic flux collector located on the edge wall. This allows an
integrated sensor comprising a fixed set of magnet(s) 20 and coil(s) 18 to detect changes in
the reluctance of the system caused by door movement. The size, shape and sensing pattern of
the coils 18 are designed in accordance with principles known to one or ordinary skill in the
art to provide sufficient signal levels and motion detection information. These characteristics
are also selected so that crash discrimination system 10 can operate over the lifetime of the
vehicle and survive a potentially harsh environment, e.g., moisture, oil, grease, dirt,

temperature, etc.

The crash discrimination system 10 functions by continuously sampling the voltage
response from each coil 18. The use of a plurality of coils precisely located on the pillar
improves detection of the change in magnetic field across the field of movement of the door
surface. The size, position, and orientation of at least two of the coils 18 are arranged to be
similar so that all coils experience the same pillar motion. Comparison of the signals from the
coils can be used to resolve the relative motion in different dimensions, such as in the crash
direction, changes in separation of the edge wall and pillar, and twisting or rotation of the

edge wall. Because the size, shape, spacing and pattern of each coil 18 is known apriori,

-9-
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three or four coils are generally sufficient to determine the following dominant modes of
relative motion: (1) translation in the crash direction; (2) change in the gap w between edge
wall and pillar; (3) twisting and rotation of the edge wall; and (4) possible vertical motion,
however two coils may suffice. Initial separation of pillar and edge wall can be determined
based on sensor outputs occurring during opening and closing of the door in noncrash
situations. More specifically, regular calibration of the system is accomplished during door
openings and closings, which inherently induce extremely large deterministic magnetic field
variations resulting in distinct sensor signals having a distinctive signature. The nature of

these signals can be compared against baseline data to periodically determine the status of the

sSensor.

Referring to Fig.6, the voltage output from a single coil is generally asymmetric because
of the nonuniform velocity of the magnet 20 relative to a sensing coil 18. Fig. 7 illustrates the
output from three sensing coils 18 arranged in accordance with Fig. 1, whereby the signals
from the separate coils 18 are shifted in phase relative to one another in accordance with the
positions of the coils relative to the motion of the magnet 20. Fig. 7 also illustrates three
different measures from which the peak velocity of the edge wall 12 of the door can be
estimated. More particularly, the edge wall velocity is linearly related to either the peak
magnitude 72 of the coil signal, or to the peak width 74 of the coil signal, where signal
width is defined as the time interval at a given magnitude level, such as the 50 percent level.
Furthermore, the edge wall velocity can be estimated by dividing the known distance between

adjacent coils 18 by the corresponding time interval 76 between associated signal peaks.

The output from the sensing coils 18 is dependent upon the initial position of the magnet
20 relative to the coil assembly. Referring to Figs. 8, 9 and 10, a magnet 20 is located at five

different positions 1,2,3,4,5 relative to a coil assembly comprising coils 18.1 (coil 1), 18.2

. (coil 2), and 18.3 (coil 3). Fig. 9 illustrates the output of coil 2 while Fig. 10 illustrates the

output of coil 3. The nominal location of the magnet 20 relative to the coil assembly can be

calibrated by observing normal door opening an closing events.

Referring to Fig. 11, the signal from the sensing coil 18 is further influence by
components of relative motion directed along the axis of the sensing coil. The angle

associated with each of the curves in Fig. 11, i.e. 0, 15, 30, and 45 degrees respectively, is the

-10-
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angle of the magnet path relative to the plane normal to the axis of the sensing coil, where it is
observed that both the magnitude and phase of the sensing coil 18 is influenced by the
orientation of the magnet path relative to the sensing coil. This information can be used by

the processor 22 to estimate the direction of magnet motion.

Referring to Fig. 12, in accordance with a second embodiment of the instant invention, a
crash discrimination system 100 incorporates a magnet 104 and one or more sensing coils
106 o to detect changes in the magnetic field 110 caused by changes to the reluctance of the
associated magnetic path resulting from the motion of the edge wall 12 of the door. The edge

wall 12 of the door is provided with a ferromagnetic structure 108 to enhance delectability

of the edge wall motion.

Crash discrimination system 100 comprises either a single magnetic induction sensor
102 for full side crash detection in two-door cars, or a single module having two magnetic
induction sensors 102 where one faces a front door and the other faces the back door to
provide full side crash coverage in four-door cars. The magnetic induction sensor 102 is a
passive device, which is very compact, and easy to install and maintain. In addition, as with
crash discrimination system 10, magnetic induction sensor 102 is easily integrated with an

accelerometerbased sensing system to enhance crash discrimination performance.

Crash discrimination system 100 differs from crash discrimination system 10 by
detecting movement of the door via.changes in the reluctance of the magnetic flux path which
arise from changes in the geometry of the frame member and edge wall that are caused by the
crash acceleration. The magnet 104 effectively remains stationary with respect to the one or
more coils while some part of the magnetic circuit is moved by the crash motion. This change
in reluctance causes a change in the magnetic flux through the one or more coils. The change
in reluctance of the magnetic path can be sensed directly, or as a voltage induced in the one or

more associated coils thereby..

As with crash discrimination system 10, crash discrimination system 100 provides the
ability to discriminate crash induced acceleration and/or deformation of the door along more
than just the axis normal to the door surface. This additional data, which is not provided by

single axis accelerometers or contact switches, may be useful in crash algorithms.

-11-
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Additionally, as with crash discrimination system 10, the magnetic induction sensor 102
facilitates routine mechanical calibration based on signals generated during door openings

and/or closings.

As shown in Fig. 4, crash discrimination system 10 comprises at least one magnetic
induction sensor 102 mounted on a vehicle B-pillar 7, and oriented toward a magnetically
susceptible region of the side door edge wall. One advantageous aspect of the instant
invention derives from the ability to sense what is occurring on the edge wall without being in
direct physical contact with the door. In contrast to an accelerometer that provides only
"local" information of external structures such as the side door, crash discrimination system
100 operates by detecting door edge wall movement due to impact and deformation changes

in the door associated with side crashes.

The magnetic induction sensor 102 comprises a at least one magnet 104, at least one
sensing coil 106, and associated flux collection/direction paths made of magnetically
susceptible material. The magnet creates a magnetic field in adjacent or nearby materials that
are magnetically susceptible. Surfaces of nonmagnetic material can be made magnetically
susceptible by being sprayed over a small area with a magnetic coating like nickel paint. The
nature of the susceptible area can be easily manipulated by applying an "etch" or grid pattern
which can be selected to further enhance the performance of the sensor. If the surface is
coated, the etch pattern can be made directly on the located surface. If the surface is not
coated, a pre-fabricated magnetic pattern fixture can be fixed on the surface of the door edge
wall. The flux collector/director elements in the sensor unit also act with the grid pattern to

enhance operation.

When the material comprising the magnetic path moved by sudden acceleration, the

_ reluctance of the magnetic path is altered, thereby causing a change in magnetic flux 110

through the coil. This generates an electromotive force and a current in the coil 106, thus
providing an electrical signal of the mechanical disturbance in the door edge wall. Because
the effects of an impact anywhere on the door are rapidly transmitted by the door beam to the
door edge wall causing a motion thereof, severe localized intrusions like pole and angular
crashes can be recognized almost immediately. The information in the pattern and amplitude

of the signal can be used to distinguish deployment situations from high level "off" conditions

-12-
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like door slams, bicycle hits, and minor crashes which do not cause significant deformation or

movement of the door edge wall.

By choosing an optimal etch pattern 108, the relevant signal features can be further
enhanced for crashes and minimized for "off" conditions. The characteristics of the magnetic
induction sensor 102 and susceptible region characteristics can be controlled to achieve an
electromechanical band pass filter which will attenuate "off" condition signals and pass and/or

amplify crash signéls. This will provide quicker and more accurate crash sensing algorithms.

Further, the magnetic induction sensor 102 of the instant invention could be used in
conjunction with a standard accelerometer (uni-axial or tri-axial) to further enhance the
performance of a crash sensing system. By packaging an accelerometer with one or two
magnetic induction sensors in a single module mounted on the B-pillar, full side collision
sensor coverage can be achieved with low cost, easy installation and maintainability. The
combined knowledge of B-pillar acceleration and door edge wall behavior allows
discrimination of airbag "fire" and "off" conditions in virtually all situations while decreasing

the "time to fire" decision period in many cases.

While crash discrimination system 100 has been described as one embodiment of the
instant invention, the magnetic induction arrangement of crash discrimination system 10 is
preferred. The use of a single sensing coil 106 makes it difficult to interpret signals that are
dependent on motions and spatial separations that occur in three dimensions. Further,
variations in the magnetic field along the edge wall of the door caused by detailed structure of

the door instead of the system design, make the problem of interpreting the signals more
difficult.

Referring to Figs. 13 and 15, in a third embodiment of a crash discrimination system

200, a magnet 202 is secured to the edge wall 12 of the door and further engages a

magnetically susceptible housing 208 within the associated B-pillar. The housing contains
four coils, which provide signals that automatically compensate for the fore/aft motion of the
magnet during the crash. Furthermore, in some pole crashes, the edge wall moves away from
the vehicle, which causes the magnet 202 to move out of the cavity, resulting in a change in

flux through the associated coils 204.

-13-
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Referring to Figs. 14 and 16, in a fourth embodiment of a crash diserimination system
300, a magnet 302 and flux collector 308 are secured to the edge wall 12 of the door and a
coil is positioned within the associated B-pillar 7 adjacent the flux collector 308. The flux
collector may be constructed from either a ferromagnetic or a paramagnetic material. The coil
304 may further incorporate a pole piece 307. The motion of the door edge 12 relative to the

coil 304 changes the flux linkages in the coil, thereby inducing a voltage signal across the

terminals of the coil 304.

While specific embodiments have been described in detail, those with ordinary skill in
the art will appreciate that various modifications and alternatives to those details could be
developed in light of the overall teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and not limiting as to the scope of
the invention, which is to be given the full breadth of the appended claims and any and all

equivalents thereof.

-14-
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WE CLAIM:

1. An apparatus for controlling the activation of a motor vehicle safety restraint system

responsive to a crash, comprising:

a. amagnetic circuit spanning across proximal portions of two proximal elements of the
motor vehicle which undergo relative motion responsive to the crash, wherein said

magnetic circuit comprises:
i) one or more coils responsive to the magnetic field of said magnetic circuit;

il) one or more permanent magnets as the source of magnetomotive force for said

magnetic circuit; and

iii) one or more air gaps between said proximal elements of the motor vehicle,

wherein said one or more air gaps defining a separation zone; and

b. aprocessor connected to said one or more coils, wherein the reluctance of said
magnetic circuit is responsive to said relative motion of said two proximal elements of
the motor vehicle, each of said one or more coils generates a signal responsive to the
changes in the reluctance of said magnetic circuit, and said processor controls the

activation of the motor vehicle safety restraint system responsive to said signal.

2. An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 1, wherein one of said two proximal elements of
the motor vehicle comprises the edge surface of a door of the vehicle and the other of said
two proximal elements of the motor vehicle comprises the fixed portion of the vehicle

adjacent thereto.

3. An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 2, wherein the axis of each of said one or more

coils is substantially normal to said separation zone.

4. An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 3, wherein said one or more coils are attached to
said fixed portion of the vehicle and said one or more permanent magnets are attached to

said edge surface of a door of the vehicle.
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10.

An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 4, wherein said one or more coils comprise a

plurality of coils located substantially on a plane.

An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 3, wherein said one or more coils are attached to
said edge surface of a door of the vehicle and said one or more permanent magnets are

attached to said fixed portion of the vehicle.

An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 3, wherein said one or more coils are attached to
said fixed portion of the vehicle and said one or more permanent magnets are attached to

said fixed portion of the vehicle.

An apparatus for controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 7, wherein said magnetic circuit further

comprises a ferromagnetic structure attached to said edge surface of a door of the vehicle.

A method of controlling the activation of a motor vehicle safety restraint system

responsive to a crash, comprising:

a. creating a magnetic field between proximal portions of two proximal elements of the
motor vehicle which undergo relative motion responsive to the crash, wherein said the

strength of said magnetic field is responsive to said relative motion;

b. creating one or more signals responsive to said magnetic field, wherein each of said

one or more signals is responsive at a distinct location; and

c. controlling the activation of the motor vehicle safety restraint system responsive to

said one or more signals.

A method of controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 9, wherein the operation of controlling the
activation of the motor vehicle safety restraint system is dependent upon the magnitude of

the maximum amplitude signal.
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11.

12.

13.

A method of controlling the activation of a motor vehicle safety restraint system
responsive to a crash as recited in claim 9, wherein the operation of controlling the
activation of the motor vehicle safety restraint system is dependent upon the width of the

maximum amplitude signal.

A method of controlling the activation of a motor vehicle safety restraint system

responsive to a crash as recited in claim 9, wherein the operation creating one or more
signals creates a plurality of signals, and the operation of controlling the activation of
the motor vehicle safety restraint system is dependent upon the separation in time of said

plurality of signals.

A method of controlling the activation of a motor vehicle safety restraint system

responsive to a side impact crash, comprising:

a. sensing the acceleration of an edge surface of a vehicle door in the direction of

movement of said vehicle door proximate the door beam of said vehicle door;
b. creating a signal responsive to said acceleration,

c. controlling the activation of the motor vehicle safety restraint system responsive to

said signal.
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