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Impact Sensor

Technical field

[0001] The invention relates to an impact sensor, to an impact detection system
and to a method for impact detection.

Background Art

[0002] Due to more restrictive safety regulation requirements and general market
development trends, automotive industry have to establish more efficient
passenger and pedestrian protection systems by means of improved active safety
devices (e.g. multiple air-bag solutions, more sophisticated restraint systems,
adapted system deployment strategies, etc.). In general, such techniques needs to
more lead time to be activated in order to provide the full protection capability
and/or additional data to be deployed in a more dedicated way according to the
crash situation. In case of a collision event it is therefore essential to identify
strong impacts as early as possible, i.e. in best case at the time of first contact with

the car bumper.

[0003] Up to now, impact characterisation is accomplished by so-called up-front
sensors (also known as "g-sensors") located in the bumper area of the car, which
detect crash-related acceleration effects caused by deformation and vibration.
Although such sensor elements are well proven in various automotive applications,
their detection efficiency is meanwhile hampered due to mechanically softer
materials and design constraints of modern car front-ends in order to fulfil

requirements related to pedestrian protection or energy savings.

[0004] Further, it is known to employ membrane switch sensors, which are
usually integrated into the front or rear bumper of the car. These sensors are
effective in fast detection of an impact and have a high sensitivity, but are
characterised by an activation threshold. If a force or pressure acting on the
sensor exceeds the threshold, the sensor is activated. |.e. although the first impact
may be reliably detected, no information on the time evolution of the impact force
can be gained from these sensors. Also, these sensors can be influenced by
humidity and temperature. Finally, these sensors are usually large (e.g. 1500 x
20mm) and when installed into a bumper, they require a straight integration with
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respect to the z (i.e. vertical) direction. However, a large sensor that may not be

curved gives rise to integration problems.
Technical problem

[0005] It is thus an object of the present invention to provide means for detecting
an impact fast and reliably which allow for an easy integration into various
vehicles. This object is solved by an impact sensor according to claim 1, an impact
detection system according to claim 8 and the method for impact detection
according to claim 15.

General Description of the Invention

[0006] The invention provides an impact sensor for a vehicle. The vehicle may in
particular be a motor vehicle like a car, e.g. a passenger car or a truck. Other
types of vehicles are also within the scope of the invention, though, if impact
detection is relevant for them. The term "impact sensor” refers to a sensor which
may be used to at least detect whether an impact, i.e. a collision with another
object like a pedestrian, another vehicle, a pole etc., has occurred. The sensor
may also give additional information on the intensity of the impact or the like.

[0007] The impact sensor comprises at least one strain-sensitive sensor element,
which comprises a sensor material, and at least two terminals, between which the
sensor material is electrically connected. The terminals are used for electrical
connection of the sensor material and are usually made of a well-conducting
material. Optionally, they may be formed to facilitate a mechanical connection to
external wires or the like. Otherwise, such a connection may be achieved by

soldering, ultrasonic welding or other techniques known in the art.

[0008] When a voltage is applied between the terminals, a current flows through
the sensor material which depends on its resistance. According to the invention,
the sensor material is a metal-containing carbon material. These materials are
known to have a resistance that changes when they are subjected to strain, i.e.
they are piezoresistive. In particular, when the impact sensor is bent, this results in
a variation of the resistance of the sensor material. Since the variation can easily
be as much as several hundreds of ohms under normal impact conditions, an

impact can safely be detected. The reaction of such a sensor is fast and the
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resistance is easy to measure. Also, sensors of this type can have virtually any

shape, i.e. there are hardly any integration problems.

[0009] An important advantage of metal containing carbon materials is that they
are practically not affected by temperature changes. The resistance depends only
negligibly on the temperature, at least under the expected working conditions of a
vehicle like a car. Also, these sensors do not require ventilation channels like
membrane switch sensors, therefore they are not significantly affected by
humidity.

[0010] The size and shape of the impact sensor can vary widely. Preferably, the
sensor is flat and/or elongate. When installed in a vehicle component like a
bumper, the sensor may be aligned more or less along the surface of the
component, where an elongate shape allows to cover a significant distance along
the surface. The shape of the sensor may be straight, angled and/or curved.

[0011] The sensor material may be disposed as an elongate or line-shaped
structure. Optionally, the structure may be meandering in order to increase the
effective length subjected to a bending effect, which also increases the change in

resistance.

[0012] Preferably, the sensor material is nickel-containing hydrogenated
amorphous carbon. Nickel containing carbon films (often termed as Ni containing
hydrogenated amorphous carbon, shortly Ni:a-C:H) yield a strain sensitivity (gauge
factor) of approx. 20 together with a temperature coefficient of resistance (TCR)
below £50 ppm/K in the wide temperature range of 100 K to 400 K.

[0013] In a preferred embodiment, the impact sensor comprises a carrier
element. Preferably, the sensor material is disposed on this carrier element as a
layer having a thickness of 10-100 nm. A layer of this thickness is sufficient for
providing reliable sensor characteristics. In particular, the layer may be a sputtered
layer, i.e. the sensor material has been deposited on the carrier element by
sputtering.

[0014] It is preferred that the carrier element is a polymer sheet, in particular a
polyimide sheet. Such a polymer sheet may be highly flexible and can be adapted
to different structures. E.g. if the sensor is to be placed adjacent a slightly curved
surface of the vehicle, the sheet can be easily bent to follow the curvature of the
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surface. The thickness of the sheet can be varied within a relatively wide range, for
example from 50um up to less than 200um for flexibility reasons. Needless to say,
a polymer sheet of this thickness has a negligible weight compared to the vehicle.
It is also conceivable that other materials than polymers are used for a sheet

which forms the carrier element.

[0015] It is preferred that the terminals are screen printed. In the screen printing
process, a conductive ink, usually a metal-containing ink, is applied to the
substrate. This application process is especially suitable for a polymer sheet as a
carrier element, but may also be utilized in connection with other carrier elements.
Terminals of this type also may be provided as very thin layers, e.g. 1-50 um in
thickness. It is preferred that the ink is a silver-containing ink.

[0016] The inventive impact sensor can be designed relatively small. In particular,
a maximum dimension of the impact sensor may be less than 200 mm. E.g., the
sensor may be elongate having a width greater than a height. Herein, the width
can be less than 200 mm, preferably 100 mm or less. The small design allows to
integrate a single sensor in relatively small areas of the vehicle, thus avoiding
integration problems arising from obstructing objects. Nevertheless, a large area of
a vehicle surface may be monitored by providing a plurality of sensors, each of
which is smaller than sensors common in the art. Prior art sensors are for instance
typically wider than 1000mm, because they are manufactured in a single piece for
cost saving reasons (crimps, cables, electronics are less for a single sensor) and

have to cover the whole car bumper width.

[0017] It should be noted that if desired a single sensor can be configured to
cover the full width of the vehicle bumper. In that case a single sensor may be
designed to have length of up to 1800mm or more.

[0018] The invention further provides an impact detection system for a vehicle.
Such a impact detection system comprises at least one inventive impact sensor.
Of course, it may comprise additional sensors, support elements, wiring and other

components, some of which are discussed below.

[0019] It is preferred that the at least one sensor is positioned relatively close to
the surface where an impact occurs first. This makes it easier to allow for an early
crash detection. Therefore it is preferred that the crash detection system also
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comprises an exterior component for the vehicle, in which the at least one impact
sensor is disposed. The term "exterior component” primarily refers to the front and
rear bumper of a car or the like. However, this also refers to other parts which may
be directly hit in the event of an impact. For instance, if a side impact is
considered, the door or wing of a car is considered as the respective exterior

component.

[0020] It is particularly preferred that at least one sensor, preferably all sensors,
are disposed adjacent to an outer surface of the exterior component. Usually, a
component like a bumper comprises an solid outer plastic skin, under which a
foam layer or a plastic absorber is disposed. While many impact sensors known in
the art are disposed in the foam layer, the inventive sensors may be disposed
adjacent to - or even within - the plastic skin.

[0021] Usually, the impact detection system comprises a plurality of impact
sensors, which are disposed staggeredly along the exterior component.
"Staggered" means that the sensors are positioned differently along a possible
impact surface; normally, they are positioned adjacent to each other or spaced
apart. It is, however, also conceivable that two neighboring sensors overlap. In
such a staggered configuration, several sensors (e.g. 3 to 5) may be connected to
a component like a vehicle bumper. Instead of using one large sensor, several
sensors can be disposed along the width of the bumper (or other component).
Here, the sensors may not only have different lateral positions, but also different
vertical positions, for instance to avoid an obstructing component like a light, a
number plate holder etc. Furthermore, differently shaped sensors can be
combined. As mentioned before, the inventive sensor can have practically any
shape. Therefore, it is conceivable to combine a curved sensor with a straight
sensor or the like. Thus, a modular system could be used to create almost any

shape.

[0022] In a preferred embodiment, the crash detection system comprises a
processing unit, which is connected to the at least one impact sensor and is
configured to identify an impact situation based on a variation of the electrical
resistance of the at least one impact sensor. Of course, this refers to the electrical
resistance of the sensor element, or rather the sensor material, which is connected

between the terminals. The processing unit can be a dedicated device or it may be
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an on-board computer of the vehicle, which also handles other, e.g. non-safety
operations. Such processing units are known in the art and will not be described in
detail here. It is understood that the processing unit may further be connected to at
least one safety device and to be configured to deploy this safety device upon
detection and identification of a crash situation. This may refer to activating belt
tensioner, deploying an airbag (inside or outside airbag), adjusting a seat position,
deploying actuators of an active hood (to be lifted for pedestrian protection) or the
like.

[0023] Apart from detecting that an impact has occurred, the processing unit may
also evaluate the time evolution of the electrical resistance and/or its variation. If
the variation stays small, the impacting object may be of minor importance, e.g.
like a ball hitting the vehicle. In such a case, no safety device may be deployed at
all. If the variation, however, increases over a certain time period, this indicates a
massive object, which necessitates appropriate security measures. The ramp of
the increase and/or the total amount of increase can also give information on the
severity of the impact. In particular, certain thresholds may be defined in the
processing unit which indicate that the impact is more or less severe. Appropriate

security systems for each degree of severity may be deployed.

[0024] To allow for a more accurate determination of the severity of the impact,
the sensors in a particular exterior component may be calibrated. For a given
component, like a vehicle bumper, the sensors are calibrated so that, for each of
them, their electrical resistance variation vs. impact energy at their specific
location is known. In other words, an impact with known impact energy is created
and the resistance variation of the specific sensor is measured. This also enables
to take into account local bumper geometry or thickness variations.

[0025] Preferably, the processing unit is connected to individually measure the
resistance of each of a plurality of subsets of a plurality of impact sensors. Here,
the detection system comprises a plurality of impact sensors and "subset" refers to
a part of this plurality. Each subset comprises at least one sensor. In particular,
each subset may comprise exactly one sensor, so that the processing unit is
connected to individually measure the resistance of each sensor. As the
processing unit can measure the resistance of the subgroups/sensors individually,
it can be distinguished by the location of the respective sensor(s) where an impact
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has occurred. It should be noted that a subset may comprise several sensors
which are connected in series via their terminals, so that the processing unit
measures the collective resistance - and the collective resistance variation - of

these sensors.

[0026] In particular, but not exclusively, in the abovementioned embodiment, the
processing unit may be configured to identify an impact location based on the
location of at least one impact sensor which shows a variation of its electrical
resistance. Of course, several sensors may respond, which may indicate either
multiple impacts or a wide impacting object. The processing unit may be
configured to detect an (approximate) impact width based on the number of
(neighboring) impact sensors which are responding.

[0027] Alternatively or additionally, the processing unit can be configured to
determine an impact energy based on a combination of the variations of the
electrical resistances of several impact sensors, in particular of all impact sensors.
Of course, the impact energy can only be approximately determined or estimated
by this measure. However, it has been shown that there is a good correlation
between the cumulated (or total) resistance variation and the impact energy.
Therefore, the severity of the impact can be determined and appropriate security
measures can be triggered. It should be noted that, as mentioned above, some
sensors may be deformed less due to a different stiffness of the component they
are integrated in. In such a case, the variation of the electrical resistance may be
weighted with a factor to compensate for such effects.

[0028] The invention also provides a method for impact detection for a vehicle,
with at least one inventive impact sensor. The method comprises measuring the
electrical resistance of the at least one impact sensor and identifying an impact
situation based on a variation of said electrical resistance. The method may be
performed by a processing unit as described above. Preferred embodiments of the
method correspond to those of the impact detection system and will not be
described again in detail.

[0029] In preferred embodiments, the at least one impact sensor may be
disposed in an exterior component for the vehicle. A plurality of impact sensors
may be disposed staggered along the exterior component. The processing unit
may individually measure the resistance of each of a plurality of subsets of a
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plurality of impact sensors. The processing unit may identify an impact location
based on the location of at least one impact sensor which shows a variation of its
electrical resistance. Also, the processing unit may determine an impact energy
based on a combination of the variations of the electrical resistances of several

impact sensors.
Brief Description of the Drawings

[0030] Preferred embodiments of the invention will now be described, by way of

example, with reference to the accompanying drawings, in which:
Fig. 1 is a schematic representation of an inventive impact sensor;

Fig. 2 is a schematic view of a vehicle front with an inventive impact detection

system.

Fig. 3 is a schematic view of the vehicle front of Fig. 2 with an impacting object in
a first position.

Fig. 4 is a diagram illustrating the time evolution of the resistance variation of the
impact sensors corresponding to Fig. 3;

Fig. 5 is a schematic view of the vehicle front of Fig. 2 with an impacting object in
a second position; and

Fig. 6 is a diagram illustrating the time evolution of the resistance variation of the
impact sensors corresponding to Fig. 5.

Detailed Description of Preferred Embodiments

[0031] Fig.1 shows a schematic view of an impact sensor 2 according to the
present invention. The impact sensor 2 is generally rectangular in shape having a
length of approximately 100 mm and a width of 15 mm. It is understood, though,
that the size and the shape of the impact sensor 2 could be varied. The shape is
generally given by a rectangular polymer sheet 3, which has a thickness of 100
um. In the embodiment shown, the polymer sheet 3 is made of polyimide. On this
polymer sheet 3, a layer of sensor material 5 is disposed. The sensor material 5 is
Nickel-containing hydrogenated amorphous carbon (Ni:a-C:H), which has been
disposed on the polymer sheet 3 by sputtering. The thickness of the layer of
sensor material 5 is about 60 nm. The sensor material 5, which is part of a strain-

sensitive sensor element 4, is electrically connected between two terminals 6.1,
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6.2. These terminals 6.1, 6.2 are made of silver ink and have been disposed on
the polymer sheet 3 by screen printing. The thickness of the terminals 6.1, 6.2 is
about 20 um.

[0032] As can be seen from the dimensions described above, the impact sensor
2 is highly flexible and may be bent easily. When such bending occurs, the
electrical resistance of the sensor material 5 undergoes a variation. In the present
embodiment, this variation is increased by a meandering structure of the sensor
element 4. The variation is easily detectable when a voltage is applied to the
terminals 6.1, 6.2 and the current is measured.

[0033] In order to protect the thin layers of the sensor element 4 and the
terminals 6.1, 6.2, a protective cover layer will generally be added. For sake of

simplicity, such a cover layer is not shown in fig. 1.

[0034] Fig. 2 schematically illustrates a vehicle front with a bumper 100, a radiator
101, headlights 102 and number plate holder 103. Five impact sensors 2.1-2.5 are
integrated into the bumper 100. The bumper may have a common structure with a
hard outer plastic skin and a foam or a plastic absorber filling. In this case, the
impact sensors 2.1-2.5 may be integrated immediately underneath the plastic skin,

so that they can detect any impact immediately.

[0035] The impact sensors 2.1-2.5 are part of an inventive impact detection
system 1. They are identical to the impact sensor 2 shown in fig. 1. Each of them
is connected via terminals 6.1, 6.2 to a processing unit 10. For sake of simplicity,
the connections are not shown in fig. 2. The processing unit 10 is configured to
apply a voltage to each of the impact sensors 2.1-2.5 and to measure the electrical
resistance. During normal operation of the vehicle, the resistance is nearly
constant, because the sensor material 5 is practically not influenced by
temperature changes or humidity.

[0036] As can be seen from fig. 2, the sensors 2.1-2.5 are disposed in a
staggered manner along the bumper 100. In the embodiment shown, the sensors
2.1-2.5 laterally spaced apart, but they might also be disposed next to each other.
The third sensor 2.3 is disposed considerably lower than the other sensors 2.1,
2.2,2.4, 2.5 in order to avoid the radiator 101.
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[0037] Fig. 3 shows an impact situation, wherein the bumper 100 collides with a
stationary pole 110 in the region of the second impact sensor 2.2. The impact
leads to a deformation of the bumper 100, and thus to a deformation of the impact
sensor 2.2, which in turn leads to a variation of the resistance of the impact sensor
2.2.

[0038] Fig. 4 illustrates the resistance variation of the sensors 2.1-2.5 over time.
What is shown is actually the variation of electrical resistance of sensor 2.2 vs
time. The partial diagrams are labelled with numbers in circles, which corresponds
to the numbers shown in fig. 3. Since the first sensor 2.1 and the third through fifth
sensor 2.3-2.5 are unaffected by the impact, there resistance remains constant,

wherefore their variation is zero.

[0039] The resistance of the second sensor 2.2, however, shows a considerable
increase as the pole 110 is hit. The increase is shown by the curve in fig. 4.
Depending on the speed of the vehicle, usually within a few milliseconds, the
curve reaches a peak value, marked by the dashed line in fig. 4. After some time,
the deformation of the sensor 2.2 has reached a maximum value, wherefore

wherefore the resistance variation goes back to zero.

[0040] Fig. 5 shows a similar impact situation as fig. 3. In this case, however, the
bumper 100 collides with the stationary pole 110 in between the first impact sensor
2.1 and the second impact sensor 2.2. In this case, the deformation of the bumper
100 leads to a deformation of both impact sensors 2.1, 2.2, which, however, is not
as severe as in the scenario shown in fig. 3, because neither of the impact sensors
is hit directly. Again, the deformation of the impact sensors 2.1, 2.2 leads to a

variation of their resistance.

[0041] Fig. 6, similar to fig. 4, illustrates the resistance variation of the sensors
2.1-2.5 over time. Again, the third through fifth sensor 2.3-2.5 are unaffected by

the impact, wherefore their resistance remains constant and their variation is zero.

[0042] The resistance of the first and second sensor 2.2, however, each increase
in the process of the impact, shown by the curves in fig. 6. The overall shape of
the curves is similar to the curve shown in fig. 4. However, since neither of the first

and second impact sensor 2.1, 2.2 is deformed as severely as in the previous
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scenario, each of the curves reaches a peak value that is approximately half as

high as the peak value in fig. 4.

[0043] In each of the scenarios shown in fig. 3 and the fig. 5, respectively, the
processing unit 10 can detect the impact location based on the location of the
impact sensors which are responding, i.e. which show a variation of their
resistance. Furthermore, the cumulated resistance variation of all impact sensors
2.1-2.5 is calculated and used as a measure for the total energy of the impact. It
should be noted that, although the peak value of the individual curves in fig. 6 is
less than in the fig. 4, the integral of both curves, representing the cumulated
resistance variation, is approximately the same as in fig. 4. Therefore, a realistic
estimate of the severity of the impact can be derived.

[0044] In order to derive the impact energy from the resistance variation, a
calibration process may be performed with a bumper 100 having the same
configuration of impact sensors 2.1-2.5. In such a calibration process, several
impacts with known energy can be generated and the resistance variation of the
impact sensors can be measured. The measured values can be used for database
of the processing unit 10.

[0045] Fig. 6 represents a situation in which both sensors 2.1, 2.2 are equally
affected if the impact location is in the middle between both sensors 2.1, 2.2. If,
however, the bumper in the area of the first sensor 2.1 has a greater stiffness then
in the area of the second sensor 2.2, this would lead to a minor deformation of the
first sensor 2.1. Anyhow, such effects can be accounted for if a calibration process
as described above is performed. In calculating the cumulated resistance
variation, the processing unit may apply weighting factors to the individual

variations instead of simply summing them up.

[0046] In any case, the impact detection system 1 can detect and evaluate an
impact situation practically without any delay, because the impact sensors 2.1-2.5
are disposed immediately at the location of the impact. Also, since the resistance
of the individual sensors 2.1-2.5 is easy to measure and does not depend on
temperature or humidity, the system 1 is very reliable.
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Claims

1.

10.

Impact sensor (2, 2.1-2.5) for a vehicle, comprising

— at least one strain-sensitive sensor element (4) which comprises a sensor
material (5), and

— at least two terminals (6.1, 6.2), between which the sensor material (5) is
electrically connected,

wherein the sensor material (5) is a metal-containing carbon material.

Impact sensor according to claim 1, characterised in that the sensor material
(5) is nickel-containing hydrogenated amorphous carbon.

Impact sensor according to claim 1, characterised by a carrier element (3) on
which the sensor material (5) is disposed as a layer having a thickness of 10-
100 nm.

Impact sensor according to claim 3, characterised in that the layer is a

sputtered layer.

Impact sensor according to any of claims 3 or 4, characterised in that the
carrier element (3) is a polymer sheet.

Impact sensor according to any of claims 3 to 5, characterised in that the
terminals (6.1, 6.2) are screen printed.

Impact sensor according to any of the preceding claims, characterised in that a
maximum dimension of the impact sensor (2, 2.1-2.5) is less than 200 mm.

Impact detection system (1) for a vehicle, comprising at least one impact
sensor (2, 2.1-2.5) according to any of claims 1 to 7.

Impact detection system according to claim 8, further comprising an exterior
component (100) for the vehicle, in which the at least one impact sensor (2,
2.1-2.5) is disposed.

Impact detection system according to claim 9, characterised in that it
comprises a plurality of impact sensors (2, 2.1-2.5) which are disposed
staggeredly along the exterior component (100).
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11.

12.

13.

14.

15.

14

Impact detection system according to any of claims 8 to 10, characterised by a
processing unit (10), which is connected to the at least one impact sensor (2,
2.1-2.5) and is configured to identify a impact situation based on a variation of
the electrical resistance of the at least one impact sensor (2, 2.1-2.5).

Impact detection system according to any of claims 11, characterised in that
the processing unit (10) is connected to individually measure the resistance of
each of a plurality of subsets of a plurality of impact sensors (2, 2.1-2.5).

Impact detection system according to any of claims 11 to 12, characterised in
that the processing unit (10) is configured to identify an impact location based
on the location of at least one impact sensor (2, 2.1-2.5) which shows a

variation of its electrical resistance.

Impact detection system according to any of claims 8 to 13, characterised in
that the processing unit (10) is configured to determine an impact energy
based on a combination of the variations of the electrical resistances of several
impact sensors (2, 2.1-2.5).

Method for impact detection for a vehicle, with at least one impact sensor (2,

2.1-2.5) according to any of claims 1 to 7, the method comprising:

— measuring the electrical resistance of the at least one impact sensor (2,
2.1-2.5); and

— identifying an impact situation based on a variation said electrical

resistance.
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