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(54) Crash sensor

(57) A crash sensor for a motor vehicle comprises a sensing mass 18 movable in a tubular passage 17 between first and
second locations, means for biasing the sensing mass 18 toward the first location and means for closing an electrical circuit
when the sensing mass 18 moves to the second location. In one embodiment, a magnetic sensing mass 18 is biased by a
magnet 33 toward the first location and closes magnetic contacts 27, 28 when moved to its second location. In another
embodiment, a sensing mass is biased toward the first location by a first electrical contact with a force of 5-10G. When the
sensing mass moves to the second location, the first contact is moved into engagement with a second contact to complete
the circuit. A tight clearance is provided between the sensing mass and the tubular passage so that movement of the
sensing mass is damped. The arrangement avoids late firing problems.
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CRASH SENSOR

This invention pertains to a sensor for mounting in motor
vehicles for sensing a crash, said sensor generating a signal for

deploying a passenger restraint system such as an air bag.

Air damped crash sensors have become widely adopted by many
of the world's automobile manufacturers to sense that a crash is
in progress and initiate the inflation of an air bag or
tensioning of seat belts. These sensors are constructed from a
ball and tube such as disclosed in Patents 3,974,350; 4,198,864;
4,284,863; 4,329,549 and 4,573,706.

The ball-in-tube sensor currently in widespread use has a
magnetic bias. Both ceramic and Alnico magnets are used
depending on the amount of variation in bias force caused by
temperature that can be tolerated. Sensors used in the crush
zone of the vehicle and safing or arming sensors used both in the
crush zone and out of the crush zone, use ceramic magnets since
they can tolerate a wide variation in bias force. Alnico magnets
are used for the higher biased non crush zone discriminating
sensors where little variation in the bias can be tolerated. If
a spring bias is used in place of the magnetic bias as shown in
Thuen patent 4,580,810, the variation in the bias force with

temperature can be practically eliminated.
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In the conventional ball-in-tube sensor, two

cantilevered contacts are bridged by the ball and both

the ball and the contacts may be gold plated to minimize

the contact resistance.

According to a first aspect, the present invention

provides:

A crash sensor comprising:

(a)
(b)

(c)

(d)

(e)

a tubular passage;

a mégnetically permeable sensing mass, arranged to
move in said passage between a first location and
a second location:;

a magnet for biasing said sensing mass toward said
first location in said passage;

first and second electrical contacts arranged to
come in contact with each other when said sensing
mass is moved to said second location, both said
first and said second contacts being constructed
of magnetically permeable material;

means for concentrating magnetic flux from said
magnet through said first and second contacts in
response to the presence of said sensing mass at
said second location, such that said contacts are
mutually attracted to each other and tend to
remain in contact once closed as long as said flux

is present.
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such a sensor has a contact design which
substantially eliminates contact bounce. The magnetic
field which is present in a magnetically biased sensor is
utilized to cause one contact to be held against a second
contact when the sensor triggers.

According to a second aspect, the present invention
provides:

A crash sensor adapted for locations in the crush zone
of a motor vehicle for detecting motor vehicle crashes
comprising:

(a) a tubular passage;

(b) a sensing mass arranged to move in said passage

between a first location and a second location;

(c) means to damp the motion of said sensing mass in
said passage:

(d) means for biasing said sensing mass toward said
first location in said passage with an average
force of more than 5 G's: and

(e) means for closing an electrical circuit when said

sensing mass moves to said second location in said

passage.



-4 -

According to a third aspect, the present invention

provides:

A sensor for detecting a motor vehicle crash

comprising:
(a)
(b)

(c)
(d)

(e)

(f)

a tubular passage:;

a sensing mass arranged to move in said passage in
response to a vehicle crash, there being a tight
clearance between said sensing mass and said
passage such that the movement of said sensing
mass with respect to said passage is damped by gas
flow;

a flexible first electrical contact;

a second more rigid electrical contact in
proximity to said first contact;

means responsive to the movement of said sensing
mass with respect to said passage for displacing
said first contact toward said second contact
causing said first and second contact to close an
electrical circuit during a crash;

means for biasing said sensing mass so as to
maintain said first and second contacts in open

relationship in the absence of a vehicle crash.
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Sensors acccording to the invention are capable of
being smaller, simpler and less expensive than sensors of
the prior art. Sensors according to the second and third
aspects of the invention can utilise one contact as a
biasing force against the sensing mass, for example, a
ball, which is pushed into a second more rigid contact
thus eliminating both contact bounce and the need for a
magnet. The need for gold plating on the sensing mass is
eliminated when the sensing mass instead of bridging the
contacts pushes one contact into another.

The level of biasing force according to the second
aspect of the invention is higher-than previously known
in damped crush zone sensors and substantially eliminates
the late firing problems of such crash sensors on

marginal crashes.

A crash sensor according to the invention is adapted for
installation on an automotive vehicle equipped with a passenger
protective device such as an inflatable air bag or seat belt
_tensioner. When such vehicle is subjected to deceleration of the
kind accompanying a crash, the air bag is inflated to provide a
protective cushion for the occupant or the seat belt is pulled
back against the occupant holding him in a safe position.

A sensor constructed according to the invention comprises a
housing adapted to be mounted on the vehicle in a position to
sense and respond to deceleration pulses. Within the housing is
a body containing a tubular passage in which is mounted a movable
deceleration sensing mass. The mass is movable in response to a

deceleration pulse above a threshold value from an initial
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position along a path leading to a normally open switch that is
connected via suitable wiring to the operating mechanism of an
inflatable air bag or seat belt tensioner.

A biasing spring or magnet acts on the deceleration sensing
mass to bias the later to its initial position under a
preselected force which must be exceeded before the sensing mass
may move from its initial position. When the sensing mass is
subjected to a deceleration creating an inertial force greater
than the preselected biasing force, it moves from its initial
position toward its air bag or set belt tensioner operating
position. Movement of the sensing mass is fluid damped thereby
requiring a finite period of time for the sensing mass to move
from its initial position to its operating position during which
time the deceleration must continue to exceed the bias force.

According to another feature of the invention, it has been
discovered that increasing the biasing force from 2 to 3 G's of
the conventional gas damped sensors to approximately 6 G's can
solve the late-firing problems present in the conventional

sensors, without affecting the sensitivity of the sensor for

,other crashes. Preferably, the level of the biasing force for

crush zone crash sensors is increased to greater than 5 G's and,

more particularly, to the range of within 5-10 G's.



Crash sensing apparatus constructed in accordance with the
preferred embodiments of the invention ié illustrated in the
accompanying drawings, wherein:

Figure 1 shows a schematic diagram for a typical passenger
restraint system;

Figure 2 is a sectional view of the apparatus in accordance
with this invention for installation on an automotive vehicle;

Figure 3 represents an embodiment similar to the embodiment
of Figure 2 with an alternate configuration of the contacts;

Figure 4 shows the embodiment of Figure 3 with the sensor
activated:

Figure 5 represents an embodiment similar to the embodiment
of Figure 1 with an alternate position for the reed switch;

Figure 6 shows a sectional view of another embodiment of the
invention with spring-~biasing;

Figure 7 is a view similar to Figure 4, with the sensor
activated; and

Figures 8 and 9 show other embodiments of a sensor with

'spring bias.
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An apparatus constructed in accordance with the invention is
illustrated in Figure 2 and is adapted for use in conjunction
with an automotive vehicle or truck (not shown) preferably
accommodated within a closed, metallic housing (not shown).

The sensor apparatus is designated generally by reference 6
in Figure 2, and comprises a body 12 formed of suitable plastic
material and having a cylindrical portion 8 closed at one end by
a wall 9. At the other end of the body is a cylinder skirt 10.
Within cylindrical portion 8 there is a bore 12. The inner
surface of the portion 8 is provided with two opposed semi-
spherical, concave seats 15, 15A. Fitted into the bore 12 is a
metallic sleeve 16 having a smooth inner surface forming a linear
passage 17 and on the outer diameter midway along the sleeve is a
groove 13 in which is accommodated a rubbery sealing and
vibration isolating ring 14 which also holds the sleeve in place.

Accommodated within the passage 17 is a spherical,
magnetically permeable, electrically conductive sensing mass 18,
the radius of which corresponds substantially to that of the
seats 15, 15A and the diameter of which is slightly less than
that of the passage 17.

Fixed in the bore 12 is a cylindrical plug 19 formed of
electrically insulating material, the plug being fixed in the
chamber in any suitable manner, such as by cement, by ultrasonic
welding, by crimping the rim of the skirt, or a combination
thereof.

Plug 19 includes a reed switch 19A with two normally open

contacts 27, 28.
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Means are provided for applying magnetic biasing force on

the mass 18 and comprises an annular magnet 33 having a hole 34

therethrough in which is received a mounting ferrule 35 forming

part of the body 8 and projecting beyond the wall 9.

To condition the apparatus for operation, the sensor

mechanism is

vehicle with

fitted into the housing and the latter is fixed to

the longitudinal axis of the passage 17 parallel or

o]

at a predetermined angle to the longitudinal axis of the vehicle.

As shown in Figure 1, the conductors 4 and 5 coupled to contacts

27 and 28 respectively, then may be connected in circuit with the

vehicle battery 30, activator 31, and the restraint device or air

bag 32.

The magnet will exert a magnetically attractive force on the

sensing mass

18 so as normally retain the latter in an initial,

inactive position on the seat 15 at the closed end of the passage

17.

If the vehicle on which the sensor is mounted is traveling

in the direction of the arrow A (Figure 2), the sensing mass 18

will remain in its position until such time as the vehicle

experiences a deceleration pulse greater than the biasing force

exerted on the mass 18 by the magnet 33. If such deceleration

pulse is of sufficient magnitude and duration, the sensing mass

18 will move
position, in
and complete

activator 31

from the position shown in Figure 2 to an operating
which the mass causes contacts 27 and 28 to close
an electrical circuit from the battery 30 to the

so as to activate the air bag 32.

Contacts 27 and 28 are made from a magnetically permeable

materials such that in the presence of a magnetic field contacts

27 and 28 will bend toward each other closing the circuit as in



conventional reed switches. When ball 18 moves to a position
adjacent to contacts 27 and 28 the magnetic flux lines travel
between the ball 18 and reed switch 192 of magnetic circuit
element 40. This concentration of flux lines caused by the ball
causes contacts 27 and 28 to bend toward each other making
contact.

When the ball returns to the cylinder at the end of the
crash, the concentration of flux lines is removed and contacts 27
and 28 spread apart.

This arrangement eliminates contact bounce since once the
two contacts make contact the magnetic force holding them

together exceeds the magnetic force needed to cause initial

contact.

Figure 3 shows an alternate configuration wherein reed
switch 192 has been replaced by a reed switch 19B having three
contacts 40, 41, 42 disposed in a standard single pole, double
throw arrangement. When the sensor is inactive, ball 18 is
biased to the right by magnet 33, and contact 40 touches contact
41. When ball 18 moves to the left under the effects of
acceleration, contact 40 disengages from contact 41 and touches
contact 42 as shown in Figure 3.

Although reed switch 19A shown in Figure 2 is illustrated as
being mounted in the sensor plug 19, an alternative approach
would be to make use of a standard reed switch 19C imbedded in
the body 8 as shown in Figure 5. Contacts 27!' and 28' of switch
19C perform in the same manner as contacts 27 and 28 in Figure 2.

An alternate embodiment of the sensor is shown in Figure 6
generally as 100. Instead of a magnet and a reed switch contact

107 has a flexible extension 109 which presses on the ball
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providing the necessary bias. During a crash, the ball 118 moves
toward the front of the vehicle to the right in Figure 6, however
its motion is opposed by the contact biasing force and a
difference in preésure across the ball. This pressure
differential is gradually relieved by the flow of the gas through
the clearance between the ball and the cylinder. The force
exerted by the extension 109 against the ball at all times
exceeds the inertial forces caused by the vibrations acting on
the contact. Thus, the contact 107 always remains touching the
ball 118. If the crash is of sufficient severity, ball 118 moves
to the right sufficiently to cause contact 107 to touch contact
108 completing the electrical connection (as shown in Figure 7)
and initiating a restraint device in a manner similar to Figure
2. Since contact 108 is rigid and contact 107 is pushed
substantially against the ball neither contact will vibrate and
thus solid contact closure results.

In Figure 8, a sensor 120 is shown with a flexible contact
121 and a rigid contact 122. This sensor operates the same way
as the sensor of Figures 6, 7. Figure 9 shows yet another
arrangement for the flexible contact.

In the embodiments shown herein, the sensing mass is not
part of the electric circuit. Therefore, the need for gold on
the sensing mass can be eliminated resulting in a less expensive
and more accurate sensor. In the embodiment shown in Figures 6-
9, the need for the magnet is also eliminated resulting in a much
smaller and simpler sensor. Also, since only a single contact is
made instead of the bridging of two contacts in the conventional
ball-in-tube sensor, the size of the sensing mass can be reduced

further reducing the size and cost of the sensor.
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Naturally, other types of sensors could make use of this
invention for improved contact closures.

This invention is particularly useful when sensors are
placed in the crush zone of the vehicle. The crush zone is that
portion of the vehicle which undergoes significant plastic
deformation during the accident and where both longitudinal and
cross axis vibrations are of significant magnitude and can
seriously effect the sensor behavior in marginal crashes.

Based on the study of a car crash library, it has been
discovered that a standard crush zone sensor with a bias of 2-3
G's triggers late for a number of pulses between 12 and 16 MPH.
A significant improvement can be made in a viscous damped sensor
by increasing the bias to the range of within 5-10 G's to reduce
the incidence of sensor triggering on long duration pulses which
are indicative of the sensor not being in the crush zone.

If a sensor is allowed to fire later than about 30
milliseconds after the beginning of a crash pulse the resulting
deployment of the occupant restraint system may cause harm to the
occupant.

A gas-damped crash sensor with a 2.2 G bias can easily fire
substantially later than 30 ms provided that a relatively mild
crash pulse continues for this period. 1If the bias is increased.
to above 5 G's, the possibility of late firing is eliminated for
all crashes except those which continue to be severe or for which
the crash pulse continues due to a secondary collision. Bias
levels above about 10 G's do not permit effective crash sensing
even in the low range (1-30ms). However, the parameters of a sensor,

such as the clearance between the sensing mass and the cylinder



or the travel of the sensing mass, can be adjusted to obtain the

required sensitivity when the bias level is changed.

Although some somewhat preferred
embodiments have been disclosed and described in detailed herein
it should be understood that this invention is in no sense

limited thereby and its scope is to be determined by that of the

appended claims.
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CLATMS:

1. A crash sensor comprising:

(a) a tubular passage;

(b) a magnetically permeable sensing mass, arranged to
move in said passage between a first location and
a second location;

(c) a magnet for biasing said sensing mass toward said
first location in said passage;

(d) first and second electrical contacts arranged to
come in contact with each other when said sensing

. mass is moved to said second location, both said
first and said second contacts being constructed
of magnetically permeable material:

(e) means for concentrating magnetic flux from said
magnet through said first and second contacts in
response to the presence of said sensing mass at
said second location, such that said contacts are
mutually attracted to each other and tend to
remain in contact once closed as long as said flux
is present.

2. The crash sensor in accordance with claim 1, wherein a
tight clearance is provided between said sensing mass and said
tubular passage, and wherein said passage is substantially closed
at least at one end to the flow of fluid, thereby requiring fluid
in said passage to pass through said tight clearance when said
mass moves from said first location to said second location.

3. The crash sensor in accordance with claim 1, wherein

said first and second contacts are enclosed in glass.
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4. The crash sensor in accordance with claim 1, wherein
said flux concentration means includes a magnetically permeable
" member to channel magnetic flux from said sensing mass at said
second location in said passage to said first and second
contacts.

5. The crash sensor in accordance with claim 1, wherein
said sensing mass is a ball.

6. The crash sensor in accordance with claim 1, wherein
said first and second contacts are normally open and in close
proximity to each other, and wherein said flux concentrating
means operates to close said first and second contacts when said
sensing mass is moved to said second location.

7. A crash sensor adapted for locations in the crush zone
of a motor vehicle for detecting motor vehicle crashes
comprising:

(a) a tubular passage;

(b) a sensing mass arranged to move in said passage
between a first location and a second location;

(c¢) means to damp the motion of said sensing mass in
said passage:

(d) means for biasing said sensing mass toward said
first location in said passage with an average
force of more than 5 G's; and

(e) means for closing an electrical circuit when said
sensing mass moves to said second location in said
passage.

8. The crash sensor in accordance with claim 7, wherein

said biasing means provides an average biasing force magnitude in



the range of within 5 to 10 G's within the moving range of said |}

sensing mass in said passage.

9. A sensor for detecting a motor vehicle crash

comprising:
(a)
(b)

(c)
(d)

(e)

(£)

a tubular passage;

a sensing mass arranged to move in said passage in
response to a vehicle crash, there being a tight
clearance between said sensing mass and said
passage such that the movement of said sensing
mass with respect to said passage is damped by gas
flow;

a flexible first electrical contact;

a second more rigid electrical contact in
proximity to said first contact:

means responsive to the movement of said sensing
mass with respect to said passage for displacing
said first contact toward said second contact
causing said first and second contact to close an
electrical circuit during a crash;

means for biasing said sensing mass so as to
maintain said first and second contacts in open

relationship in the absence of a vehicle crash.

10. The crash sensor in accordance with claim 7, wherein

said first contact is normally in contact with said sensing mass

and said biasing means includes said first contact.

11. The crash sensor in accordance with claim 7, wherein
said sensing mass is a ball.

12. The crash sensor in accordance with claim 7, wherein

the movement of said sensing mass with respect to said passage isf
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damped by the gas flow through said tight clearance between said’

sensing mass and said passage.

13. The crash sensor in accordance with claim 9, wherein
said means for biasing said sensing mass applies an average forceé
in the range of within 5 to 10 G's when said sensing mass is in !

any position within said passage.

14. A sensor substantially as herein described with
reference to, and as illustrated by Figure 2 of the
accompanying drawings.

15. A sensor substantially as herein described with
reference to, and as illustrated by Figures 3 and 4 of
the accompanying drawings.

16. A sensor substantially as herein described with
reference to, and as illustrated by Figures 6 and 7 of
the accompanying drawings.

17. A sensor substantially as herein described with
reference to, and as illustrated by Figure 8 of the
accompanying drawings.

18. A sensor substantially as herein described with
reference to, and as illustrated by Figure 9 of the
accompanying drawings.

20. A passenger restraint system including a sensor
as claimed in any preceding claim.

21. A passenger restraint system according to clainm
20 and substantially as herein described with reference
to, and as illustrated by Figure 1 of the accompanying

drawings.
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