005/016704 A1 I 0001 0 OO0 0 OO D A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date (10) International Publication Number
24 February 2005 (24.02.2005) PCT WO 2005/016704 Al
(51) International Patent Classification’: B60OR 21/01, (74) Agent: DRAYER, Lonnie, R.; Key Safety Systems, Inc.,
22/18, GO1D 5/14, B60R 22/48 5300 Allen K. Breed Highway, Lakeland, FL. 33811-1130
(US).

(21) International Application Number:

PCT/US2004/019711  (81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(22) International Filing Date: 21 June 2004 (21.06.2004) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

(25) Filing Language: English KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
(26) Publication Language: English PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
(30) Priority Data: ZW.
10336 123.5 5 August 2003 (05.08.2003) DE
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): KEY kind of regional protection available): ARIPO (BW, GH,
SAFETY SYSTEMS, INC [US/US]; 7000 Nineteen Mile GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
Road, Sterling Heights, MI 48314 (US). 7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
(72) Inventors; and FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
(75) Inventors/Applicants (for US only): SPECHT, Martin SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
[DE/DE]; Im Harl 4, 82340 Feldafing (DE). SCHWALD, GW, ML, MR, NE, SN, TD, TG).

Stefan [DE/DE]; Zur Kohlstatt 17, 82211 Herrsching (DE).
HECKMAYR, Thomas [DE/DE]; Am Worthbach 28B, Published:
86781 Rammingen (DE). —  with international search report

[Continued on next page]

(54) Title: DEVICE FOR MEASURING FORCE ON A SEAT BELT

rl”

5\
] R
\J 1] /T 7]

o, | | |
1

| | I [] N

o]

|
il

5SS

yEm
I / V/ d /f/

o))
©

23
6 15

o (57) Abstract: A measuring device (1) for measuring a pulling force acting on a belt webbing of a seat belt of a motor vehicle is
O located between an anchoring point (2) of the seat belt on the vehicle and a connection device (3) which is to be connected to the seat

W

belt. The connection device (3), in relation to the anchoring point (2), can be moved against a spring bias. The measuring device (1)
is a magnetic field sensor (4) that is arranged between two analogous poles of two permanent magnets (5, 6).
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DEVICE FOR MEASURING FORCE ON A SEAT BELT

The invention relates to a device for measuring the force acting upon a

belt webbing of a three-point seat belt.

In a three-point seat belt known from WO 02/06092, a Hall effect
sensor is arranged between two permanent magnets. The Hall effect sensor
in its starting position is located in the immediate proximity of one the two
magnets. The two magnets are mounted on a carrier that is movable in a
housing. The Hall effect sensor is fastened to a base plate securely
connected to the vehicle structure. The movable magnet carrier is connected
to a seat belt. If a child’s seat is secured to a vehicle seat by the seat belt, a
movement of the two permanent magnets in relation to the stationary Hall
effect sensor takes place on the basis of the pulling force acting upon the belt
webbing, whereby the Hall effect sensor is brought into the immediate
proximity of the other permanent magnet. In this way, the occupation of the
seat by a child’s seat is indicated and the possibility of inflation of an airbag
allocated to this vehicle seat is stopped. The movement of the magnet carrier

is carried out against a bias force generated by springs.

WO 01/79039 teaches a measuring device located between an
anchoring point positioned on a vehicle and a belt buckle that can be
connected to the seat belt and is movable against a spring bias in relation to
the anchoring point. The measuring deviqe comprises a magnetic field
generated by a permanent magnet, and in which a magnetic field sensor is
arranged. Depending on a pulling force acting upon the belt webbing, a
movement of the permanent magnet takes place in relation to the magnetic
field sensor, the measuring signal of which is electronically evaluated for

measuring the pulling force.

US 6 081 759 teaches a force measuring device that is located in the
region of the end fitting of a seat belt and measures the pulling force acting

upon the belt webbing with a magnetic field sensitive sensor.
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According to the present invention, a magnetic field sensor is movably
arranged between two analogous poles of two permanent magnets. The
magnetic field sensor supplies signals that are proportional to each magnetic
induction and can be a Hall effect sensor or a magnetoresistive sensor or the
like. The magnetic field sensor is preferably guided in a linear manner along
a connection line between the two analogous magnet poles. “In a linear
manner along” means on the connection line of the two analogous magnet

poles or parallel to this connection line.

To this effect the magnetic field sensor can be securely connected to
the connection device, which is connected with the seat belt or is to be
connected as a belt buckle and which is movably guided in relation to the
anchoring point. Moreover, the two permanent magnets can be securely

connected to the anchoring point.

Due to the straight linear movement of the magnetic field sensor, in
particular in or along the middle line connecting the two magnet poles
together, a sensor outlet signal can be achieved which is preferably linearly
dependent on the movement path. Due to the arrangement according to the
invention, a particularly linear sensor is thus achieved for the detection of the
force acting upon the belt webbing of the seat belt, in particular the pulling
force. The surface of the leaf-shaped magnetic field sensor, in particular the
Hall effect sensor, thereby extends preferably in a manner perpendicular to
the connection middle line between the two magnet poles. At least in the
region in which the Hall effect sensor is movably arranged, the two permanent
magnets create opposite magnetic fields, which have identical flux density
characteristics and identical field forces. In this way a precise detection of the
flux density characteristics of the permanent magnetic fields between the two
analogous permanent magnet poles and thus of the signals corresponding in
each case to the sensor position, and which are evaluated for the force
measurement, is obtained. Influences restricting the linear character of the

sensor signal can be electronically compensated.
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In its starting or resting position, the magnetic field sensor is preferably
non-centrally distanced from the two permanent magnet poles. This means
that in its starting or resting position, the magnetic field sensor is at a shorter
distance to the one magnet pole than to the other magnet pole. The magnetic
field sensor, however, is positioned more closely to the distance middie point
than to one of the two permanent magnets. This ensures that the magnetic
field sensor is positioned in a region of the field created by the two permanent
magnets, in which the outlet signal of the magnetic field sensor is essentially
linearly proportional to its movement out of the starting position during the

force measurement.

In the event of a force acting upon the belt webbing, the magnetic field
sensor is moved from its starting or resting position in the direction of the
center of the distance between the two magnet poles, and if necessary moved
beyond this. Preferably the movement path of the magnetic field sensor is
limited by an abutment secured to the vehicle. The magnetic field sensor can
also be in contact with an abutment secured to the vehicle during its starting
or resting position. The limited movement path during the force measurement

can measure 1.5 mm or less.

The magnetic field sensor is preferably arranged as spaced from the
center of the distance between the two magnet poles by 1.0 mm or less, in
particular 0.5 mm.

The two permanent magnets have identical measurements and
generate magnetic fields with identical field forces and magnetic flux density
characteristics. The magnetic field lines between the two analogous poles
displace one another out of their normal field line course. The permanent
magnets are preferably cylindrical. Their diameters can measure
approximately 5.00 mm to 7.00 mm, preferably 6.28 mm. Their length can
measure 2.00 mm to 3.00 mm, preferably 2.54 mm. The magnetic field
sensor is in this case arranged in the common axis of the two cylindrical
permanent magnets, whereby this common axis runs perpendicularly to the

sensor surface.



WO 2005/016704 PCT/US2004/019711

The permanent magnets with their analogous poles are arranged at a
distance from one another of 5 mm to 10 mm, preferably 7 mm.

US 6,081,759 teaches a nﬁeasuring device arranged in the region of
the end fitting. In a preferred embodiment, the measuring device is located in
or on the belt buckle of the seat belt. In this case the magnetic field sensor is
securely connected to the belt buckle frame made out of a solid material, for
instance metal. A bolt is mounted on the belt buckle frame and during the
strapping of the seat belt engages a buckle tongue attached to the belt
webbing. The two permanent magnets are secured to a magnet holder, which
is securely connected to the anchoring point on the vehicle. Buckle plates of
the belt buckle frame can be extended accordingly, to provide the measuring

device in between them.

There is provided in accordance with the present invention a device for
measuring a force acting upon a belt webbing of a seat belt of a motor
vehicle, comprising a measuring device, which is located between an
anchoring point of the seat belt on the vehicle and a connection device which
is to be connected to the seat belt and which, in relation to the anchoring
point, can be moved against a spring bias, whereby the measuring device
comprises two permanent magnets and a magnetic field sensor which can be
moved in relation to the magnetic field created by the two permanent
magnets, wherein the magnetic field sensor is arranged between two

analogous poles of the two permanent magnets.

Fig. 1 is a side view of an embodiment of the invention in the region of

a measuring device, at which a force acting upon the seat belt is measured.
Fig. 2 is a perspective view of the embodiment of Fig. 1.

Fig. 3 is a diagrammatic view of the arrangement of the permanent
magnets and the magnetic field sensor in the measuring device with a

diagrammatic view of the magnetic field lines.

Fig. 4 shows an embodiment of a spring that can be used in the

embodiment shown in Fig. 1.
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Fig. 5 shows a connection device, with which the measuring device of
Fig. 1 can be anchored to the vehicle structure.

Fig. 6 shows a belt buckle of a seat belt, which is provided with the
measuring device of Fig. 1, and which is connected to a belt tightening device

anchored to the vehicle structure.

A measuring device 1 shown in Figs. 1, 2 and 3 has a magnetic field
sensor 4, which is arranged in the magnetic field of two permanent magnets
9, 6. The two permanent magnets 5, 6 are directed towards one another with
their two analogous poles. In the shown embodiment, the two north poles N
of the permanent magnets 5, 6 are directed towards one another. The
magnetic field sensor 4 is positioned between these two analogous magnet
poles. Instead of the two north poles N, the two south poles S of the
permanent magnets 5, 6 can also be directed towards one another. In this
type of arrangement, the magnetic field lines between the analogous magnet
poles move from the diagrammatic course shown in Fig. 3 into a closer
arrangement, in particular in the region of the distance midpoint M. The
magnetic field sensor 4 is arranged in a displaced manner with respect to the
distance midpoint M of a distance D separating two permanent magnets. In
this exemplary example the distance & from the distance midpoint M
measures 0.5 mm. This distance & can also be smaller, for instance 0.2 mm,
or larger, for instance up to 1 mm. The distance D between the two
permanent magnets 5, 6 is 7 mm in the shown embodiment. The distance D
between the two permanent magnets 5, 6 can, however, be in the range of
approximately 5 mm to approximately 10 mm. The magnetic field sensor 4,
which is preferably a Hall effect sensor, is closer to the distance midpoint M
than to the permanent magnet 6. In particular, the magnetic field sensor 4 is
positioned at such a distance 25 from the distance midpoint M, that during a
force measuring movement with respect to the magnetic field a linear
dependence is present between the output signal supplied by the magnetic
field sensor and the movement path covered. The total movement path of the

magnetic field sensor 4 with respect to the magnetic field created between the
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two analogous magnet poles is measured in such a way that this output signal
is linearly dependent on the movement of the sensor from its resting position.
Possible influences on the linear character can be electronically compensated

in the evaluation device and/or by calibration.

The permanent magnets 5, 6 are preferably cylindrical and have a
diameter in the range of approximately 5.00 mm to 7.00 mm, in particular
approximately 6.28 mm. The length of the permanent magnets is

approximately 2.00 mm to 3.00 mm and in particular approximately 2.54 mm.

The magnetic field sensor 4 is arranged with its leaf plane, penetrated
by the magnetic field lines, perpendicular to a common axis 10 of the
cylindrical permanent magnets 5, 6. Preferably a semi-conductor leaf, in
particular a cast semi-conductor leaf, is used as the magnetic field sensor 4.
The permanent magnets 5, 6 may comprise conventional alloys, for instance
Ne-Fe-B (Neodymium-iron-Boron), or of alloys of rare-earth elements with
cobalt, for instance Sn-Co (Samarium-Cobalt). The electrical connections to
evaluating electronics for the measuring signals supplied by the magnetic field
sensor 4 are achieved by highly flexible cables or highly flexible strip
conductors. The magnetic field sensor 4 and the evaluating electronics are
covered by a cast mass 14 and thus protected from environmental influences.
The cast mass block 14 is for instance secured to an extended plate 8 of a

belt buckle frame.

The magnetic field sensor 4 is securely connected to a connection
device 3. This connection device 3 is or can be connected to the belt webbing
of the seat belt, whereby, during the arrangement of the measuring device 1
in the region of an end fitting of the seat belt, the connection device can

comprise a fastening eyelet for the seat belt webbing.

In the shown embodiment of Figs. 1, 2 or 6 the connection device 3 is a
belt buckle of the seat belt. The belt buckle can for instance have the
structure shown in DE 199 04 567 C1. As shown in Fig. 1, the measuring
device 1 is positioned at an extension of belt buckle plates 8, 9 of the belt

buckle frame. The permanent magnets 5, 6 are fastened to a magnet holder

6
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7, which is connected via a connection device shown in Fig. 5 to an anchoring
point 2, which is to be secured to the vehicle structure. Using a fastening
assembly 15 the magnet holder 7 is securely connected to the connection
device 16. This connection (Figs. 1, 2, 5) takes place via a cable loop 18 of
the connection device 16. The cable loop 18 is secured to an anchoring fitting
19, on which the anchoring point 2 is foreseen (Fig. 5). The cable loop can
also be arranged on wire cables extending to the anchoring point. The cable
loop 18 is placed around an internal loop guide 21 arranged on the magnet
holder 7. An interlocking connection between the cable loop 18 and the
magnet holder 7 is achieved in connection with the loop guide 21 by one or
more clamps 20, which are securely connected to the magnet holder 7 or are
integral with the magnet holder 7. An embodiment of the connection device
16 is shown in Fig. 5. Instead of the shown embodiment, other connection
devices can also be used. For instance, a fitting extending from the anchoring
point 2 to the fastening assembly 15 can be used. The latter can be rigid or

spring-loaded depending on its use position.

As shown in Figs. 1 and 2, the two buckle plates 8, 9 are connected to
the magnet holder 7 in the region of their ends using a spring 11, which in this
embodiment is a two-legged spring. The spring 11 has arched spring legs 22,
which are securely connected to the extended buckle plates 8, 9. Each
arched spring leg 22 continues until a level spring part 23, which rests upon in
each case the buckle plates 8, 9. The level spring parts 23 are fastening links
with connection points. On the two connection points shown in the
embodiment, each spring leg 22 is securely connected to the two buckle
plates 8, 9, for instance by threaded fasteners, rivets or similarly acting
fastening means 12. For the two-legged spring, which on the one hand is
connected to the magnet holder and on the other hand to the connection
device, in particular to the belt buckle frame, a steel alloy is suitable, in

particular stainless steel with a sheet thickness of 0.25 mm and a tensile

strength in the region of 1400 N/mm?2 to 1800 N/mZ2.
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As shown in Fig. 2, the spring legs 22, which end in the level spring
part 23, can be bow-shaped. In Fig. 2 the two bow-shaped spring legs are
connected to one another by a transverse spring connection element 29. The
spring connection element is preferably connected in an interlocking manner
with a support device 30 located on the magnet holder 7 (Fig. 5). In the
region of the connection element, a fastening assembly 26 can be foreseen,
in which the spring connection element 29 and thus the spring 11 are
additionally fastened to the magnet holder 7. In this manner, a vehicle-secure
mounting of the spring 11 is achieved, which is connected to the belt buckle
frame (buckle plates 8, 9) via the spring legs 22. The spring legs 22 in each
case have spring characteristics. These spring characteristics have the effect
of a spring bias in the movement direction of the magnetic field sensor 4
which is securely connected to the belt buckle frame. The spring legs 22
preferably have identical spring characteristics. In Fig. 2, the spring legs 22
and the level spring part 23 are formed from one spring steel sheet. The
arching of each spring leg 22 runs essentially in the movement direction of the

magnetic field sensor 4. The sheet thickness can for example be 0.25 mm
with a tensile strength of the sheet material of 1400 N/mmZ2 to 1800 N/mm?Z.

The measurements of the magnetic field sensor are extremely low in
comparison to the measurements of the front faces on the magnet poles. The
movement of the magnetic field sensor with respect to the magnetic field
takes place against a spring bias, which is preferably created by a spring
comprising two spring legs. The spring has the ability to extend, preferably
also perpendicularly to the movement direction of the magnetic field sensor.
Each of the two spring legs has spring characteristics in the movement
direction of the magnetic field sensor. The two spring legs preferably have
identical spring characteristics. For a straight linear movement of the
magnetic field sensor during the force measurement, the two spring legs are
secured to the connection element or, when the connection element is the belt
buckle, they are connected to the buckle frame. The connection point of the
two spring legs is securely connected to the vehicle structure. Since the
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magnet holder is also securely connected to the vehicle structure, the
connection point, at which the two spring legs are connected to one another,
can be secured to the magnet holder. The two spring legs are preferably
bow-shaped. They can be created from wire hoops or flat sheet metal hoops.
It is also possible to design the two spring legs as arched leaf springs with the

spring characteristics in the movement direction of the magnetic field sensor.

With the help of the spring, the belt buckle frame, which can comprise
one or two parallel plates, is guided parallel to the permanent magnets which
are secured to the magnet holder, in particular to the joint cylinder axis of the
permanent magnets. In this way, the straight linear movement of the
magnetic field sensor connected to the belt buckle frame is achieved. The
bolt mounted on the buckle frame and engaging the belt tongue ensure the

connection to the seat belt.

In Fig. 4 the spring 11 comprises two wire-shaped stirrup parts. These
stirrup parts create the spring legs 22. In the region of the transverse level
spring part 23 the connection with the buckle plates 8, 9 of the belt buckle
frame is achieved by a fastening means 12. Integral connection elements 29,
which form U-shaped wire stirrup parts, are supported in the support device
30, which is formed on the magnet holder 7. In a fastening assembly 26, the
connection elements 29 of the wire-shaped spring legs can be additionally

secured. Several fastening assemblies 26 can also be foreseen.

For the purpose of a defined movement direction of the belt buckle
frame with respect to the magnet holder 7 fastened to the vehicle structure, a
low-friction guide 24 is located in the region of the fastening assembly 15, in
which the magnet holder 7 is connected to the cable loop 18. This low-friction
guide can be a guide slide or a guide roll. The low-friction guide 24 functions
between the two buckle plates 8, 9 and the magnet holder 7. In addition, in
the region of a transverse frame part 27 (Figs. 1, 5) of the magnet holder 7, a
low-friction guide, which functions between the extended buckle plates 8, 9

and the magnet holder 7, can also be foreseen.



WO 2005/016704 PCT/US2004/019711

The movement of the magnetic field sensor 4 from its resting position
as shown in Figs. 1, 2 and 3 takes place in the direction of the distance
midpoint M between the two permanent magnets 5, 6 (towards the left in Fig.
3) and can extend beyond this. The magnetic field sensor 4 can be moved
within a maximum region of approximately 1.5 mm along the axis 10 of the
permanent magnets 5, 6. This movement region can also be smaller, for
instance approximately 0.5 mm or approximately 1.00 mm. The limiting of this
measuring path can be carried out by an abutment that is secured to the
vehicle, for instance located on the magnet holder 7. In this way, the

measuring region of the measuring device 1 is for instance limited to 10 kN.

The movement of the magnetic field sensor 4 from its resting or starting
position is caused when a force acts upon the belt webbing of the seat belt.
As a result of the connection of the belt buckle with the seat belt, this force is
transferred onto the buckle plates 8, 9 of the belt buckle frame and works
against the spring bias generated by the spring 11. The belt buckle frame and
the connected magnetic field sensor 4 are moved in the direction of the arrow
25 in Fig. 1 and 3 along the axis 10 as a result of this force. The movement
path is proportional to the pulling force acting upon the webbing. The
magnetic field sensor 4 thus arrives at a flux density region of the magnetic
field created by the permanent magnets 5, 6, which is different to that of the
starting position. The sensor signal generated by the magnetic field sensor 4

is thus a measure for the force acting upon the belt webbing.

In the shown embodiment, the belt buckle has two extended buckle
plates 8, 9 of the belt buckle frame, between which the magnet holder 7 is
arranged. The two permanent magnets 5, 6 are fastened to the magnet
holder 7. The magnet holder 7 is securely connected to the connection
device 16 of Fig. 5 by the cable loop 18. In this example, the belt buckle with
the force sensor arranged in the buckle housing has a total length of less than
100 mm, in particular the belt buckle length with the force measuring device

located in the housing is 93 mm to 102 mm.
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The two buckle plates 8, 9 are securely connected to the legs 22 of the
spring 11 by their end regions. At the spring connection point 29, with which
the spring legs 22 are connected, one or several fastening assemblies 26, at
which the spring 11 is fastened to the magnet holder 7, is/are provided. The
relative movement between the belt buckle frame and the vehicle-secure
anchoring required for the force measurement does not restrict the functions
of the belt buckle components, in particular with respect to shock safety and
tightening ability.

The belt buckle and the measuring device can preferably be mounted
as a unit on a retensioning part of a seat belt tightening drive, in particular of a
buckle pretensioner, which is secured to the vehicle structure in the anchoring
point. In addition, the seat belt tightening device and the belt buckle can be
manufactured with the measuring device as a pre-assembled unit, which is
secured to the vehicle structure in the anchoring point. To this effect the belt
buckle can be tightened and can for instance be structured in such a way as
described in DE 199 04 567 C1.

In the embodiment of Fig. 6, the connection device is a belt buckle and
the measuring device 1 located on the extension of the belt buckle frame are
fastened to a pulling component 28 of a belt tightening device 13. The
measuring device 1 and the fastening assembly 15 are arranged with the belt
buckle components in a joint housing 31. This type of joint housing 31 is also
foreseen in the embodiments of Figs. 1 and 2. The housing 31 is partly
broken down in Fig. 6, so that the measuring device 1 and the fastening
assembly 15 are visible. The tightening device 13 is designed in a known
manner, as disclosed for instance in DE 199 18 596 A1, and is fastened at the
anchoring point 2 to the vehicle structure. The anchoring point 2 is positioned
at a deflector on which the pulling component 28 which engages the magnet
holder 7, designed for instance as a traction cable, is deflected. The .
tightening device 13, the belt buckle, the measuring device 1 and the
component 28 which is to be retensioned can be a pre-assembled unit, which

is fastened at the anchoring point 2 to the vehicle structure. The belt buckle is

11
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shock-safe and thus can be tightened. This type of belt buckle is known from
DE 199 04 567 C1.

In the preferred embodiment, due to the relative movement of the
magnetic field sensor with respect to the permanent magnets, the operability
of the components of the belt buckle is not restricted. This is achieved in that
the magnetic field sensor is securely connected to the belt buckle frame, and
is movably secured with regard to the permanent magnet secured to the
vehicle structure by the magnet holder for the force measurement. The
measurement arrangement can also be kinematically reversed, i.e. the
permanent magnets can be secured to the belt buckle frame and the
magnetic field sensor can be secured to the vehicle by a corresponding
support device. In a preferred manner the measuring device created by the
permanent magnets and by the magnetic field sensor arranged between
them, is positioned in the region of an extension of the belt buckle frame, in
particular in the region of two parallel plates of the belt buckle frame. The
support device securely connected to the vehicle structure for the two
permanent magnets or, in the case of kinematic reversal, for the magnetic
field sensor, is in this case guided between the two plates of the belt buckle

frame.

12
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CLAIMS

1. A measuring device (1) for measuring a force acting upon a belt
webbing of a seat belt of a motor vehicle is located between an anchoring
point (2) of the seat belt on the vehicle and a connection device (3) that is to
be connected to the seat belt and which, in relation to the anchoring point (2),
can be moved against a spring bias, whereby the measuring device
comprises two permanent magnets (5, 6) and a magnetic field sensor (4) that
can be moved in relation to the magnetic field created by the two permanent
magnets (5, 6), wherein the magnetic field sensor (4) is arranged between two

analogous poles of the two permanent magnets (5, 6).

2. A measuring device (1) according to claim 1, wherein the magnetic
field sensor (4) is arranged at a non-central distance between the two poles of
the permanent magnets (5, 6) in a starting or resting position, and wherein
during the force measurement the magnetic field sensor (4) is moved in a
linear manner along a connection line (10) between the two analogous
magnet poles in relation to the magnetic field from its starting or resting
position towards the center (M) of the distance between the two magnet poles
(5, 6).

3. A measuring device (1) according to either of claims 1 or 2, wherein
a sensor signal generated at the measuring device (1) is proportional to the
length of movement of the magnetic field sensor (4) from its starting or resting

position.
4. A measuring device (1) according to any of claims 1 through 3,

wherein the magnetic field sensor (4) is a Hall effect sensor or

magnetoresistive sensor.

13
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5. A measuring device (1) according to any of claims 1 through 4,
wherein the magnetic field sensor (4) is securely connected to the connection
device (3) and the two permanent magnets (5, 6) are securely connected to

the anchoring point (2).

6. A measuring device (1) according to claim 5, wherein the
connection device (3) is a belt buckle and the magnetic field sensor (4) is
fastened to the frame (8, 9) of the belt buckle.

7. A measuring device (1) according to any of claims 1 to 6, wherein
the two permanent magnets (5, 6) are cylindrical, the magnetic field sensor (4)
being located on a common axis (10) of the two cylindrical permanent

magnets (5, 6).

8. A measuring device (1) according to claim 6, wherein the
connection device (3), in particular the belt buckle frame (8, 9), is movably
arranged against the force of a spring (11), in relation to a magnet holder (7)
secured to the vehicle structure, the spring (11) having bow-shaped
spring legs (22, 23) fastened to the connection element (3) or to the buckle
frame (8, 9).

9. A measuring device (1) according to claim 8, wherein a unit
comprising the connection device (3), in particular the belt buckle, and the
measuring device (1) is fastened to a component (28) which is to be

retensioned by a tightening device (13).

10. A measuring device (1) according to claim 8, wherein the belt
buckle frame (8, 9), is movably arranged against the force of a spring (11), in
relation to the magnet holder (7), the spring (11) having spring legs (22, 23)
fastened to the connection element (3) or to the buckle frame (8, 9), each

spring leg (22, 23) being bow shaped.

14
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