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SYSTEM AND METHOD FOR
CONTROLLING VEHICLE SAFETY DRIVE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates to an improved system and
method for controlling actuation of a vehicle safety device
such as a vehicle air bag, and, particularly, for controlling
actuation of a vehicle safety device 1n the event of a
side-impact crash.

BACKGROUND OF THE INVENTION

The prior art has long searched for a control system for a
vehicle safety device capable of discriminating between
crash events requiring actuation of the safety device and
transitory mechanical inputs in response to which actuation
of the safety device would be either unwarranted, undesir-
able or even increasingly hazardous to either the vehicle or
its occupants. Current systems typically employ inertia-
based accelerometers, either electromechanical “ball-in-
tube” sensors or piezoelectric accelerometers operating at a
frequency well below 1 Khz, to provide the system with
vehicle acceleration data from which crash discrimination
“measures” are derived for ultimate comparison with one or
more thresholds. And, in the context of front-impact crash
discrimination, such inertia-based accelerometers have ben-
cfitted from the relatively long period—perhaps 30 msec or
longer—within which to provide the necessary data for
crash discrimination (either through the closing of a damped
acceleration-responsive “switch” or 1n the form of a set of
digital acceleration data from 1nertia-based piezoelectric
accelerometers). Even so, current crash discrimination algo-
rithms used 1n connection with data generated with inertia-
based piezoelectric accelerometers typically assume an
incomplete data set with which to decide whether to actuate
the safety device.

In the context of side-impact crash discrimination, the
prior art 1s faced with a particularly limited time frame
within which to decide whether to actuate the safety
device—perhaps as little as 5 msec. Such a short time frame
1s typically inadequate to close the mechanical contacts of an
clectromechanical acceleration sensor. The short time frame
1s also generally msuflicient for inertia-based piezoelectric
accelerometers to provide an adequate data set for crash
discrimination, thereby greatly increasing the likelihood of
improper actuation of the safety device. These small and
incomplete data sets may further render such piezoelectric
accelerometer-based systems vulnerable to excessive. EMI
and “rough road” inputs to the vehicle.

Still further, such piezoelectric accelerometer-based sys-
tems must account for the effects of temperature and com-
ponent aging on accelerometer output, e€.g., the accelerom-
cter’s offset and sensitivity. The resulting requirement for
frequent recalibration—and the correlative requirement for
the complicated methods and apparatus used for such
recalibration—become 1ncreasingly important to ensure
proper system response when facing side-impact crashes,
with their reduced discrimination window and correspond-
ingly greater reliance on the accuracy of the available data.

Finally, known inertia-based accelerometers typically
sense only those mputs having force components applied
along a sensing axis, with substantially reduced “cross-axis™
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sensitivity. Accordingly, great care must be exercised when
installing such accelerometers within the vehicle so as to
obtain the desired alignment of its sensing axis therein. Even
when properly aligned, however, significant cross-axis
impacts still may not produce a suflicient output generate

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a system
and method for controlling actuation of a vehicle safety
device, particularly in the context of side-impact crashes,
which overcomes the above-described disadvantages of the
prior art.

In accordance with the present mnvention, a system for
controlling actuation of a safety device in a motor vehicle 1n
response to an impact generating plastic deformation or
“strain” 1n a first portion of the vehicle includes a ferromag-
netic element which is mechanically coupled to (or, perhaps,
even forms a portion of) the first portion of the vehicle
deformed by the impact such that the ferromagnetic element
1s 1tself elastically and/or plastically deformed by strain
waves resulting from the impact. As a result, the strain
waves produce a change in the ferromagnetic properties of
the ferromagnetic element in accordance with the mverse-
magnetostrictive or “Villar1” etfect.

The system also includes a means for generating a first
magnetic field, such as a first permanent magnet, mounted
on the vehicle adjacent to the ferromagnetic element such
that the ferromagnetic element falls within the first magnetic
field. As a result, the first magnetic ficld generated by the
first magnet 1s directly influenced by the ferromagnetic
properties of the ferromagnetic element and, hence, the first
magnetic field will vary upon propagation of the elastic
strain waves through, or plastic deformation of, the ferro-
magnetic element. The system further includes a means for
detecting variations in the first magnetic field, such as a first
induction coill mounted on the vehicle adjacent to the
ferromagnetic element and the first magnet, respectively. In
this manner, the first induction coil may be used to detect
variations 1n the first magnetic field caused by impact-
ogenerated strain of the ferromagnetic element.

Finally, the system 1ncludes a signal processor responsive
to the field detecting means, €.g., responsive to the electro-
motive force voltage induced 1n the first induction coil for
generating a trigger signal when the detected variation in the
first magnetic field, as represented by the first electromotive
force voltage, exceeds a first threshold; and an actuator
responsive to the trigger signal for actuating the safety
device upon receipt of the trigger signal.

In accordance with another feature of the present
invention, the system preferably mncludes a second magnet
mounted on the vehicle adjacent another portion of the
ferromagnetic element so as to generate a second magnetic
field which 1s likewise mfluenced by the elastic and/or
plastic strain experienced by the ferromagnetic element as a
result of the impact, along with a second mduction coil
mounted on the vehicle adjacent to both the ferromagnetic
clement and the second magnet so as to fall within the
second magnetic field. As with the first magnetic field, the
variation 1n the second magnetic field 1n response to a
strain-generating 1mpact induces a second electromotive
force voltage 1n the second imnduction coil which, 1n turn, 1s
fed to the signal processor for comparison with a second

threshold.

If, as 1n a preferred embodiment of the present invention,
the first and second magnets generate similar nominal mag-
netic fields, the second electromotive force voltage may be
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compared to the first electromotive, for example, to map the
relative location of the point of impact on the vehicle.
Moreover, where the second induction coil 1s also wound 1in
a direction opposite that of the first induction coil, the first
and second electromotive force voltages may be combined,
for example, to cancel the effects of excessive EMI on the
present system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an exemplary system for
controlling actuation of a vehicle safety device 1n accor-
dance with the present invention; and

FIG. 2 1s an elevational view 1n cross-section of an
exemplary Villari-effect “sensor” in accordance with the
present invention comprising a ferromagnetic element, a
U-shaped magnet positioned adjacent to the ferromagnetic
clement, and an 1nduction coil wound around the legs of the

magnet.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

Referring to the drawings, FIG. 1 contains a block dia-
oram of a first exemplary system 10 1n accordance with the
present 1nvention for controlling actuation of a vehicle
satety device, such as a side air bag 12, 1n response to a side
impact which generates plastic strain 1n a first portion of the
vehicle, indicated generally at 14. The system 10 includes a
ferromagnetic element 16 mechanically coupled over at least
one mechanical transmission path 18 with the first portion
14 of the vehicle so as to receive elastic strain waves
generated as a result of the plastic deformation of the first
portion 14 of the vehicle. By way of example, the ferro-
magnetic element 16 may form an internal structural
element, such as a cross-beam mounted within a door of the
vehicle or the vehicle’s “Bpillar.” Alternatively, the ferro-
magnetic element 16 may 1itself preferably comprise a por-
tion of the vehicle’s “skin,” 1.e., an external body panel.
Moreover, under the present invention, while the ferromag-
netic element 16 1s preferably formed of ferrous steel, a
vehicle component may be rendered “ferromagnetic” for use
with the present invention as by plating nonferromagnetic
metals and nonmetals (composites or plastics) with a thin
coat of ferromagnetic material such as nickel; or by bonding
a ferromagnetic medium such as wire or ribbon on a surface
of the component; or by embedding a ferromagnetic medium
in the component during fabrication (as in the case of
composites).

Referring again to FIG. 1, a pair of permanent magnets
20,22 are mounted on the vehicle adjacent to the ferromag-
netic element 16 so that a portion 24,26 of the ferromagnetic
clement 16 falls within the magnetic field generated by each
of the magnets 20,22. In this regard, 1t 1s noted that the
magnets 20,22 may each be mounted 1n touching contact
with the ferromagnetic element 16. Alternatively, one or the
other of the magnets 20,22 may be mounted on the vehicle
in such a manner as to leave a small gap between each
magnet 20,22 and the ferromagnetic element 16.

A first 1nduction coil 28 1s mounted on the vehicle so as
to fall within the magnetic field generated by the first magnet
20, while a second induction coil 30 1s mounted on the
vehicle so as to fall within the magnetic field generated by
the second magnet 22. Upon plastic deformation of the first
portion 14 of the vehicle, the ensuing elastic strain waves
propagating along mechanical transmission path 18 elasti-
cally deform the ferromagnetic element 16 to vary its
ferromagnetic properties which, in turn, alters each of the

10

15

20

25

30

35

40

45

50

55

60

65

4

magnetic fields so as to induce an electromotive force
voltage 1 each of the induction coils 28,30. Similarly, 1n
accordance with another feature of the present invention,
when the ferromagnetic element 16 itself forms a part of the
first portion 14 of the vehicle which is plastically deformed
by the impact, the ferromagnetic properties of the
plastically-deformed ferromagnetic element 16 will likewise
be altered upon impact, whereupon one or both of the
magnetic fields will similarly be affected to induce electro-
motive force voltages in one or both of the induction coils
28.30. Of course, depending on the location of the magnets/
colls and the nature and precise location of the impact, the
clectromotive force voltage induced 1n one of the induction
colls 28,30 may reflect local plastic strain of the portion of
the ferromagnetic element 16 falling within one of the
magnetic fields while the other of the induction coils 28,30
reflects local elastic strain of the portion of the ferromag-
netic element 16 falling within the other of the magnetic

fields.

The first electromotive force voltage induced in the first
induction coil 28 1s communicated over a first signal path 32
to a signal processor 34. Similarly, the second electromotive
force voltage mnduced in the second induction coil 30 1is
communicated over a second signal path 36 to the signal
processor 34. The signal processor 34 contains signal ampli-
fication and crash-discrimination circuitry as necessary, for
example, to amplity and perform analog-to-digital conver-
sion of the electromotive force voltages supplied by the first
and second induction coils 28,30 to obtain first and second
digital signals representative of strain waves propagating
through or generated 1n the ferromagnetic element 16.

In this regard, 1t 1s noted that, in contrast to the relatively
low operating frequencies of prior art inertia-based piezo-
clectric accelerometers, the present mnvention contemplates
a broad bandwidth and operating frequencies reaching well
above 100 Khz. In this manner, the system 10 i1s provided
with a large data set, even 1n response to relatively short-
duration events such as side-impact crashes (noting further
that elastic strain waves have been observed to propagate
through ferrous steel elements at wave velocities of perhaps
about 5 km/sec, which serves to underscore how quickly
crash information may be communicated along the mechani-
cal transmission path 18 to affect the ferromagnetic proper-
ties of the ferromagnetic element 16).

The signal processor’s crash-discrimination circuitry
thereafter processes the each digital signal using one or more
algorithms to obtain one or more evaluative measures. When
the evaluative measures, either alone or 1n combination,
exceed certain predetermined thresholds, a crash event
requiring actuation of the safety device will be deemed to
have begun, and the signal processor 34 generates a trigger
signal to actuate the air bag 12.

In accordance with another feature of the present
invention, where the magnets/induction coils are placed
relatively close to one anther on the vehicle so as to
experience similar levels of EMI, the second induction coil
30 1s preferably wound 1n a direction opposite the direction
in which the first induction coil 28 1s wound. Accordingly,
the electromotive force voltage induced 1n the second induc-
tion coil 30 will be the inverse of the electromotive force
voltage induced in the first induction coil 28. The two
clectromotive force voltages may be compared or combined
in the signal processor 34 so as to reduce or eliminate the
affects of EMI on the present system 10.

Additionally, under the present invention, the signal pro-
cessor 34 preferably compares the relative electromotive
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force voltages induced 1n the first and second 1induction coils
28,30 to map the relative location of the impact on the
vehicle. In this manner, system response may be further
tailored so as to maximize operation of the safety device in
response to a given impact.

Referring to FIG. 2, an exemplary constructed embodi-
ment 40 of a Vilari-effect “sensor” in accordance with the
present invention 1s shown 1n cross-section as a U-shaped
permanent magnet 42 formed of a suitable magnetic material
such as “Alnico-5"; and an induction coil 44 comprised, for
example, of 24-gauge wire wound around the legs 46 of the
magnet 42. The magnet 42 and the encompassing coil 44 are
themselves potted as with a suitable nonmagnetic epoxy 48
within an encompassing nonmagnetic, protective shell or
case 50 formed, for example, of a phenolic. The case 50 may
thereafter be mounted to the vehicle as by atfixing the sensor
40 directly to the ferromagnetic element 16 with a suitable
adhesive such that the operative surface 52 of the sensor 40
1s placed 1n opposition with the ferromagnetic element 16.
As noted above, a gap may be provided between the
operative surface 52 of the sensor 40 and the ferromagnetic
clement 16 since the magnetic interaction between the
magnet 42 and the ferromagnetic element 16 does not
require touching contact therebetween. The limits on allow-
able gap are determined, along with selection of magnet and
coll selection and configuration, as a function of desired
sensifivity 1n a manner known to those skilled in the art.
Indeed, 1t 1s believed that sufficient sensitivity to crash
events may thus be achieved so as to eliminate the need for
amplification of the induced electromotive force voltage
within the system’s signal processor 34. And, since crash
events will generate elastic and/or plastic strain several
orders of magnitude greater than the transitory elastic strain
waves generated as by rough road, door slams, loud proxi-
mate noises, and engine knock, to name just a few, the sensor
40 will 1tself serve to filter out such 1nputs.

In accordance with another feature of the present
mvention, the orientation of the sensor 40 1llustrated 1in FIG.
2 relative to the axis of the vehicle 1s believed to be
irrelevant, thereby obviating the installation difficulties so
prevalent with prior art inertia-based accelerometers.
Moreover, 1n contrast with known systems and methods
relying on such inertia-based accelerometers, the Villari-
ciiect sensor 40 used m the system 10 of the present
Invention generates an output only upon detecting variation
in the magnetic field, while 1ts output 1s relatively unaifected
by temperature changes within the normal operating tem-
peratures of a motor vehicle. In this manner, the system 10
of the present mvention effectively eliminates the need for
periodic recalibration so characteristic of inertia-based
piezoelectric accelerometers. However, the present iven-
fion contemplates functionality testing of the sensor 40 as by
injecting an appropriate mechanical signal (as through use of
a magnetostrictive transmitter or other suitable source for
the mechanical signal), or by incorporating means (not
shown) in the sensor 40 for altering the magnetic field of the
sensor’s magnet 42 to effectively simulate strain in the
ferromagnetic element 16.

While the preferred embodiment of the invention has been
disclosed, it should be appreciated that the invention 1is
susceptible of modification without departing from the spirit
of the 1nvention or the scope of the subjoined claims. For
example, while the preferred embodiment utilizes the sec-
ond magnet 22 and second coil 30 to counter the effects of
EMI while further providing delay information with which
to map the location at which the plastic strain has occurred,
the present invention contemplates placement of the second,
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oppositely-wound coil 30 within the magnetic field of the
first magnet 20 thereby to provide mmformation with which to
counter the effects of EMI.

I claim:

1. A system for controlling actuation of a safety device 1n

a motor vehicle 1n response to an impact to the vehicle
generating plastic strain 1n a first portion of the vehicle, said
system comprising:

a ferromagnetic element mechanically coupled to the first
portion of the vehicle such that said ferromagnetic
clement 1s deformed by elastic strain waves propagat-
ing away from the first portion of the vehicle as a result
of the impact, whereby the ferromagnetic properties of
said ferromagnetic element are altered by the strain
waves;

a first means mounted on the vehicle adjacent to said
ferromagnetic element for generating a first magnetic
field, said first magnetic field being influenced by the
ferromagnetic propertics of said ferromagnetic ele-
ment,

a first detecting means mounted on the vehicle adjacent to
said ferromagnetic element and said first magnetic field
generating means, respectively, for detecting variations
in said first magnetic field;

a signal processor responsive to the first detecting means
for generating a trigger signal when the detected varia-
tion 1n said first magnetic field exceeds a first threshold;
and

an actuator responsive to the trigger signal for actuating

said safety device upon receipt of the trigeer signal.

2. The system of claim 1, wherein said first magnetic
signal generating means 1ncludes a permanent magnet.

3. The system of claim 1, wherein said ferromagnetic
clement extends 1nto the first portion of the vehicle, whereby
said ferromagnetic element i1s plastically strained by the
impact.

4. The system of claim 1, wherein said first means for
detecting variations 1n said first magnetic field includes a
first induction coil mounted on the vehicle adjacent to said
ferromagnetic element and said first magnetic field gener-
ating means, respectively, such that said first coil falls within
said first magnetic field, and variations in said first magnetic
field induce a first electromotive force voltage 1n said first
coil.

5. The system of claim 4, wherein said first means for
detecting variations in said first magnetic field includes an
amplifier for amplifying the first electromotive force voltage
induced 1n said first coil.

6. The system of claim 1, further including:

a second means mounted on the vehicle adjacent to said
ferromagnetic element for generating a second mag-
netic field, said second magnetic field being influenced
by the ferromagnetic properties of said ferromagnetic
element; and

a second means mounted on the vehicle adjacent to said
ferromagnetic element and said second magnetic field
generating means, respectively, for detecting variations
in said second magnetic field,

and wherein said signal processor 1s further responsive to the
second means for detecting variations 1n said second mag-
netic field, said signal processor generating the trigger signal
only when the detected variation in said first magnetic field
exceeds the first threshold and the detected variation 1n said
second magnetic field exceeds a second threshold.

7. The system of claim 6, wherein said second means for

detecting variations in said second magnetic field includes a
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second induction coil mounted on the vehicle adjacent to
sald ferromagnetic element and said second magnet,
respectively, such that said second coil falls within said
second magnetic field, and variations in said second mag-
netic field mmduce a second electromotive force voltage in
said second coil.

8. A method for controlling actuation of a safety device in
a motor vehicle in response to an impact, wherein the 1impact
generates plastic strain 1n a first portion of the vehicle and
clastic strain waves propagating away from the first portion
of the vehicle along a mechanical transmission path con-
taining a ferromagnetic element, said method comprising the
steps of:

generating a magnetic field adjacent to the ferromagnetic
clement such that a portion of the ferromagnetic ele-
ment falls within said magnetic field, the ferromagnetic
clement influencing said magnetic field so as to vary
said magnetic field upon propagation of the elastic
strain waves through the ferromagnetic element;

detecting variations in said magnetic field;

comparing detected variations 1n said magnetic field with
a first threshold; and

actuating the safety device when the detected variation 1n

said magnetic field exceeds the first threshold.

9. The method of claim 8, wherein the step of detecting
variations 1n said magnetic field includes the steps of posi-
tioning an induction coil on the vehicle within said magnetic
field; and inducing an electromotive force voltage 1n said
coll with said magnetic field.

10. A method for controlling actuation of a safety device
in a motor vehicle 1n response to an i1mpact, wherein the
impact plastically deforms a ferromagnetic element defining
a first portion of the vehicle, saild method comprising the
steps of:

generating a magnetic field adjacent to the ferromagnetic
clement such that the ferromagnetic element falls
within said magnetic field, the ferromagnetic element
influencing said magnetic field so as to proportionately
vary said magnetic field upon plastic deformation of the
ferromagnetic element;

detecting variations in said magnetic field;

comparing detected variations 1n said magnetic field with
a first threshold; and

actuating the safety device when the detected variation 1n

said magnetic field exceeds the first threshold.

11. The method of claim 10, wherein the step of detecting
variations 1n said magnetic field includes the steps of posi-
tioning an induction coil on the vehicle within said magnetic
field; and inducing an electromotive force voltage 1n said
coll with said magnetic field.

12. A system for controlling actuation of a safety device in
a motor vehicle in response to an impact to the vehicle, said
System comprising:

a ferromagnetic element coupled to a first portion of the
vehicle such that said ferromagnetic element is
deformed as a result of the impact;
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first magnetic field generating means operatively mounted
lo the vehicle for generating a first magnetic field, said
first magnetic field being influenced by said ferromag-
netic element,

first detecting means mounted in close proximity to said
ferromagnetic element and said first magnetic field
generating means, respectively, for detecting variations
in said first magnetic field.

13. The system as defined in claim 12 comprising:

a signal processor responsive to the first detecting means
for generating a trigger signal when the detected
variation in said first magnetic field exceeds a first

threshold.

14. The system as defined in claim 13 further comprising:

an actuator responsive to the trigger signal for actuating

said safety device upon receipt of the trigger signal.

15. The system as defined in claim 1 wherein the ferro-
magnetic element is mechanically coupled to the first por-
tion of the vehicle.

16. A method for controlling actuation of a safety device
in a motor vehicle in response to an impact, wherein the
impact deforms a first portion of the vehicle, such deforma-
tlion being reacted with a ferromagnetic element, said
method comprising the steps of:

generating a magnetic field adjacent to the ferromagneiic
element such that a portion of the ferromagnetic ele-
ment falls within said magnetic field, the ferromagnetic
field element influencing said magnetic field so as to
vary said magnetic field upon deformation of the fer-
romagnetic element;

detecting variations in said magnetic field;

comparing detected variations in satd magnetic field with
a first threshold.

17. The method as defined in claim 16 including the step
of actuating the safety device when the detected variation in
said magnetic field exceeds the first threshold.

18. A system for controlling actuation of a safety device in
a motor vehicle in response to an impact to the vehicle, said
system comprising:

a ferromagnetic element coupled to a first portion of the

vehicle;

first magnetic field generating means for generating a first
magnetic field, said first magnetic field being influenced
by the presence of said ferromagnetic element;

wherein the relative position between at least a portion of
the ferromagnetic element and a portion of the first
magnetic field is changed as a result of such impact;

first detecting means, mounted in close proximity to said
first magnefic field generating means, for detecting
variations in said first magneftic field.

19. The system as defined in claim 13 further comprising:

an actuator responsive to the trigger signal for actuating
said safety device upon variation of the first magneric

field
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