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(57) ABSTRACT

A shaft arrangement, with a rotatable shaft supported in a
rolling bearing, which has rolling elements and an outer race,
a torsion sensor having a permanently magnetic ring and at
least one magnetic field sensor fastened to a fixed sensor
bracket attached to the outer race being provided. A torsion
sensor can hereby be integrated in a rotating bearing in a
simple design.
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1
SHAFT ARRANGEMENT HAVING A
ROLLING BEARING

CROSS REFERENCE

This Application is a continuation of U.S. application Ser.
No. 12/595,664 filed Nov. 13, 2009, which was a 371 of
PCT/DE2008/000601 filed Apr. 9, 2008, which claimed the
priority of German Application DE 10 2007 017 705.6 file
Apr. 14, 2007, the priority of each application is claimed and
each application is incorporated herein by reference.

FIELD OF THE INVENTION

The invention is in the field of mechanical engineering,
more specifically in the field of the transmission of mechani-
cal movements by means of shafts which are usually mounted
in rolling bearings.

BACKGROUND OF THE INVENTION

Corresponding shafts and bearings are found in many dif-
ferent forms, especially in transmissions, but also in simple
motor drives and generators.

What is often important for operating a machine is the
particular torque which is transmitted at the moment by a
drive shaft. This is expedient, for example, in order to control
output, to limit mechanical loads, to minimize wear and to
reduce risks of damage.

Torsion sensors are already known for this purpose from
the prior art and are based on various technologies.

DE 69834528 P2 discloses a magnetostrictive torque sen-
sor, in which a rnagnetostrictive ring consisting particularly
of a composite material based on rare-earth, iron or similar
alloys is attached onto or inserted into a shaft. In the torque-
free state, an azimuthally revolving magnetic field prevails
within the ring and is disrupted by torque being introduced,
thus giving rise to a resulting axial magnetic field as an
indicator of the torque.

DE 102005006769 A1 shows, in general, as a reversal of
magnetostriction, the Villary effect, as it is known, by means
of which deformation, for example torsion of a shaft, gives
rise to a magnetic action of the shaft. Materials exhibiting a
Villary effect which are mentioned are iron, copper, nickel or
alloys of these metals.

DE 102205010338 A1l discloses a force sensor arrange-
ment, with magnetostrictive resistance sensors, an inhomo-
geneous layer sequence of magnetic layers being provided,
on which a magnetostrictive action is exerted. An electrical
resistance is subsequently measured in the overall arrange-
ment as a measure of deformation.

Japanese patent abstract no.: 2001033322 A discloses a
rolling bearing, on the inner ring of which magnetostrictive
elements are arranged, magnetic sensors being provided on
the inside of the outer ring of the bearing. The torque acts on
the elements in the bearing inner ring and is thus intended to
cause a change in the magnetic conditions.

EP 1046893 81 basically discloses the use of the magne-
tostrictive effect for torque measurement and the fastening of
amagnetostrictive ring element on a shaft for transmitting the
torque and for utilizing the effect. However, this does not
describe any structure directly related to the set-up of a rolling
bearing into which a torque sensor is integrated. For measur-
ing the magnetic field, a special sensor is described by means
of which a saturation magnetization of a probe is measured
with high frequency in various magnetization directions, with

15

20

25

30

40

45

60

65

2

the result that the magnetic field, as a result of the magneto-
strictive element, can be measured exactly.

SUMMARY OF THE INVENTION

Against this background, the set object of the present
invention is, for a shaft arrangement with a rotatable shaft
which is mounted in a rolling bearing with rolling bodies and
with an outer ring, to carry out torsion measurement in as
space-saving a way as possible and especially simply in struc-
tural terms.

According to the invention, the object is achieved by a
torsion sensor which has a permanent magnetic ring fixedly
connected to the shaft and at least one magnetic field sensor
fastened to a stationary sensor carrier connected to the outer
ring.

Basically, the design of a torsion sensor on a shaft, utilizing
the magnetostrictive effect, is known. According to the
present invention, this effect is integrated into a rotary bearing
in an optimized and space-saving way. Consequently, there is
no need for a separate holder for the sensor, and the latter can
be produced and mounted together with the parts of the rotary
bearing. In this case, the other parts of the bearing, which later
are located in the immediate vicinity of the torsion sensor, can
be inspected and, as early as during production, tested to
ascertain whether unwanted magnetic effects influence the
measuring accuracy.

The invention may advantageously be refined in that the
sensor carrier surrounds the shaft annularly and carries the
magnetic field sensor or magnetic field sensors on its inside.

Consequently, the sensor carrier can shield the magnetic
field sensor or magnetic field sensors outwards mechanically
and protect against unwanted influences from outside. The
sensor or sensors can then lie opposite the corresponding
permanent magnetic ring directly on the inside of the sensor
carrier.

The design becomes especially simple if the sensor carrier
forms an extension of the outer ring in the axial direction of
the shaft. For example, the outer ring can simply be extended
axially in order to form the raceway for rolling bodies in a first
region and the sensor carrier in a second region offset axially
with respect to the first region.

The magnetic field sensors may in this case either be fas-
tened to the sensor carrier on the inside by adhesive bonding
or else be embedded in recesses. It is essential that the mate-
rial of the sensor carrier should be selected such that no
magnetic interaction with the magnetic field sensors occurs.
For this purpose, the sensor carrier may consist of a magneti-
cally shielding material.

The sensor carrier may also be connected to the outer ring
by means of a cylindrical sleeve.

In this case, the sensor carrier may, for example, be attach-
able, solderable or weldable to the outer ring by means of the
sleeve.

The sensor carrier may also be formed by a sleeve which
are attachable onto the outer ring.

By means of the designs mentioned, in any event, use may
advantageously be made of the fact that the outer ring carries
the sensor carrier and there is therefore no need for a further
carrying structure for the sensor carrier.

In the configuration of the permanent magnetic nnagneto-
strictive ring, it is important that this participates in a torsion
of the shaft. For this purpose, there may advantageously be
provision for the permanent magnetic ring to be fastened on
the surface area of the shaft in the region of the sensor carrier.

In this case, the permanent magnetic ring may be con-
nected positively to the shaft. This may be ensured, for
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example, by means of a toothing, a tongue-and-groove joint
or similar configurations of the ring and shaft engaging geo-
metrically one in the other.

For the fixed connection between the shaft and the perma-
nent magnetic ring, a nonpositive connection may also be
provided, for example by the ring being shrunk on.

A materially integral connection by soldering on or weld-
ing on and also by adhesive bonding may also be envisaged,

Finally, the permanent magnetic ring may even be inte-
grated into the shaft in that it is either inserted in a recess of the
shaft or it is formed in one piece therewith as part of the shaft.
This may be ensured, for example, in that the shaft consists in
sections of different materials, the ring being provided of
permanent magnetic material, or in that the shaft is partially
magnetized in the region of the ring and is otherwise not
magnetized.

For a structurally simple set-up of the arrangement accord-
ing to the invention, it is also conceivable that the permanent
magnetic ring is designed as an axial extension of the inner
ring of the bearing, in so far as such is provided and the inner
raceway of the rolling bodies is not formed by the surface area
of'the shaft itself. In this case, the overall sensor arrangement,
together with the magnetic field sensors and the permanent
magnetic ring, may be integrated completely into compo-
nents of the rotary bearing.

The functioning of the invention is shown to be such that, in
the torque-free state of the shaft, the magnetic flux runs annu-
larly, without interruption, through the permanent magnetic
ring in the circumferential direction, so that no magnetic
actions arise outwardly.

This is ensured by appropriate magnetization during con-
struction or when the arrangement is set.

If, then, a torsion is introduced into the shaft and is shared
with the permanent magnetic ring, the, in particular, aniso-
tropic magnetostrictive effect gives rise to disruptive deviat-
ing magnetic flux elements in which, in particular, the direc-
tion of the flux deviates from the circumferential direction
and, overall, an axial component of the magnetic flux can
arise in the axial direction of the shaft. The result of this, since
the magnetic flux is not closed within the ring in this direc-
tion, is that magnetic field components or flux lines pass
outward and can be detected in the magnetic field sensors.
The corresponding sensors may be designed, for example, as
Hall sensors or in the form of simple magnetic measuring
coils or may utilize some other known magnetic effect. Since
no field strength is measurable in the normal state, the mag-
netic field sensors can be set to high sensitivity and can
therefore detect even low torsional moments.

Basically, a multiplicity of methods for magnetization may
be used in the preparation or magnetization of the permanent
magnetic ring. It became apparent in this case that an advan-
tageous method is to feed a current of high current strength
through a conductor which passes through the ring and which
can generate a corresponding magnetic field of high strength
which is directed in the desired circumferential direction and
by means of which permanent magnetization can be ensured
in suitable materials.

The invention is shown below in a drawing and then
described by means of an exemplary embodiment. In the
drawing:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first shaft arrangement according to the
invention;
FIG. 2 shows a second shaft arrangement;
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FIG. 3 shows a third shaft arrangement according to the
invention;

FIG. 4 shows a measuring arrangement for detecting the
magnetic field; and

FIG. 5 shows a configuration for the magnetization of the
permanent magnetic ring,

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows, in a partially sectional arrangement, a shaft
1, for example made from steel, which is mounted rotatably
about the axis 3 in a rotary bearing 2. The bearing 2 has an
outer ring 4 which has a raceway for rolling bodies 5, balls in
the present case The raceway of the outer ring 4 may, like the
surface of the balls 5, be hardened or have tribologically
beneficial coating.

The inner raceway for the bearing balls 5 is afforded by the
surface of the shaft 1, which may have a running groove.

The outer ring 4 is held in a supporting body 6 which is
afforded by the construction of the machine which contains
the shaft 3.

The outer ring is extended in the axial direction of the axis
3 beyond the region in which the balls are located and there,
on its inner surface area, carries the magnetic field sensors 7,
of'which, for example, two may be distributed on the circum-
ference of the outer ring 4. These magnetic field sensors 7 are
designed, for example, as Hall sensors or simply as wound
electrical coils, if appropriate, filled with a ferromagnetic
material. They are oriented in such a way that they can detect
axial components of a magnetic field with respect to the axis
of the shaft.

Further, a permanent magnetic ring 8 may be gathered from
FIG. 1, which forms part of the shaft 1 and which lies on the
circumferential surface area of the latter.

Inthe permanent magnetic ring 8, a magnetic flux prevails,
which revolves azimuthally on the circumference of the shaft
and is closed within the ring, so that virtually no magnetic
field components pass outward.

In this state, the magnetic field sensors 7 detect no axial
component of the magnetic field emanating from the ring 8.

When the shaft 1 undergoes torsion, this gives rise, as a
consequence of the torsion of the permanent magnetic ring 8,
especially when an anisotropic magnetostrictive property is
presumed, to a disruption of the magnetic flux there, with
axial magnetic field components being generated. This effect
is dealt with in more detail further below. In any event, in this
case, the magnetic field sensors detect an axial magnetic field
component outside the permanent magnetic ring 8 as a stray
field, from which the torsion of the shaft and, with respect to
the magnetic field strength, also the amount of torsion can be
inferred.

FIG. 2 shows another embodiment of a shaft arrangement
according to the invention with a shaft 1, into which a separate
body 8' is embedded on the circumference in such a way that
said body is flush with the outer surface area of the shaft 1.
The permanent magnetic ring 8' is firmly glued, for example,
in a groove of the shaft 1. Said ring may be interrupted at one
point on its circumference so that it can be snapped on resil-
iently.

The rotary bearing differs from the rotary bearing shown in
FIG. 1 in that an inner ring 9, too, is provided, which is
fastened on the shaft 1 and affords a raceway for the balls 5.

Moreover, the outer ring is divided in the axial direction,
and the extension 10 of the outer ring has recesses 11, in
which the magnetic field sensors are accommodated. So as
not to disturb the magnetic field measurement, the extension
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10 should consist of a magnetically inert material. It may
consist, for example, of a magnetically shielding material.

FIG. 3 illustrates a further, somewhat modified version of
the invention, the permanent magnetic ring 8" being designed
as an axial extension of the inner ring 9 of the bearing. The
permanent magnetic ring 8" is welded, soldered or adhesively
bonded or attached positively or nonpositively onto the shaft
1.

The actual bearing is formed by the inner ring 9, the outer
ring 4 and the balls 5, the sensor carrier 10 being firmly
clamped on the outer ring 4 by means of a sleeve 12. As a
result, the sensor carrier may also be introduced after the
rotary bearing has been set up.

The sensor carrier 10 in this case carries the magnetic field
sensors which oppose the permanent magnetic ring 8" in
order to measure axial magnetic field components.

As in FIG. 2, the bearing arrangement is omitted in the
lower part of FIG. 3 for the sake of clarity.

FIG. 4 shows the basic functioning of the measuring
arrangement.

The permanent magnetic ring 8 is illustrated schematically
in section, with the magnetic flux lines which project out of
the drawing plane on the lower side and project into the
drawing plane in the upper part.

If, then, a torsion is introduced, an axial component of the
magnetic field arises, leading to a stray field which is illus-
trated by the dashed lines 13. The stray flux is closed by the air
gap and at the same time also penetrates the magnetic field
sensors 7, one of which is illustrated schematically by a coil
with terminals.

The terminals of the coil are connected to an ammeter 14
which delivers a measurement signal proportional to the mag-
netic field strength. This measurement signal can still be
corrected by means of various effects, for example in order to
rule out influences of the earth’s magnetic field, and subse-
quently the result can be converted to the amount of torsion
and indicated in a computing and indicator unit 15.

The right part of the figure shows, next to the section of the
permanent magnetic ring 8, a side view of the ring, with the
magnetic flux component 16 directed in the circumferential
direction of the ring and with the axially directed component
17 which occurs when a torsional moment is applied.

Since axial flux components of this kind cannot be closed
within the material, the stray fluxes illustrated above arise.

FIG. 5 shows a typical arrangement for generating perma-
nent magnetization in a permanent magnetic ring 8, a con-
ductor 18, merely being indicated schematically, having
flowing through it in the direction of the arrow 19 a high
current of high current strength, for example a pulse-like
current, said conductor generating, by virtue of Ampere’s law
a magnetic flux which surrounds the conductor circularly and
which leads to a corresponding retentivity in the ring 8.

Such a procedure is also appropriate, for example, in the
case of a shaft into which a corresponding ring 8 is integrated,
the shaft then being utilized as a conductor. In this case, the
ring 8 may also be implemented as a coating with a ferromag-
netic material in the region of the shaft. Such a coating can
also be applied, for example, by electroplating or by vapor
deposition.

In summary, it can be stated that, by means ofthe invention,
a structurally simple and cost-effective solution for a torsion
sensor is afforded by the integration of a torsion sensor into a
bearing.

LIST OF REFERENCE SYMBOLS

1 Shaft
2 Rolling bearing
3 Axis
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4 Outer ring

5 Rolling body

6 Supporting body

7 Magnetic field sensor

8, 8', 8" Permanent magnetic ring
9 Inner ring

10 Sensor carrier, extension

11 Recess

12 Sleeve

13 Magnetic field lines

14 Ammeter

15 Indicator unit

16 Circumferentially directed flux component
17 Axial component

18 Conductor

19 Arrow

The invention claimed is:

1. A shaft arrangement, comprising:

a rotatable shaft;

a rolling bearing ring having an inner ring fastened on a
circumference of the shaft, an outer ring spaced from
and opposing the inner ring and rolling bodies arranged
between the outer ring and the inner ring;

a stationary sensor carrier connected to the outer ring;

a torsion sensor having at least one magnetic-field sensor
and a permanent magnetic ring, the permanent magnetic
ring being formed as part of the shaft, in that the shaft
and the permanent magnetic ring are formed together as
only a single piece, the magnetic-field sensor being fas-
tened to the stationary sensor carrier of the outer ring, the
permanent ring generating magnetic field components
indicating a torsion on the shaft, and the magnetic field
sensor detecting the magnetic field components.

2. The shaft arrangement of claim 1, wherein the sensor
carrier, which has an inside face, surrounds the shaft annu-
larly.

3. The shaft arrangement of claim 2, wherein the sensor
carrier forms an extension of the outer ring in an axial direc-
tion of the shaft.

4. The shaft arrangement of claim 1, wherein the outer ring
carries the sensor carrier.

5. The shaft arrangement of claim 1, wherein the perma-
nent-magnetic ring is part of the shaft at a surface area of the
shaft in a region of the sensor carrier.

6. The shaft arrangement of claim 1, wherein the sensor
carrier is connected to the outer ring by a cylindrical sleeve,
and wherein the cylindrical sleeve has a first segment extend-
ing axially above the outer ring, a second segment extending
from the first segment radially between the outer ring and the
stationary sensor carrier, and a third segment extending axi-
ally from the second segment, in a direction opposite the first
segment, beneath the stationary sensor carrier with the sta-
tionary sensor carrier firmly connected to the outer ring by the
sleeve.

7. The shaft arrangement of claim 1, wherein the perma-
nent magnetic ring is implemented as a ferromagnetic mate-
rial and the shaft is conductive so that a permanent magneti-
zation of the ring can be achieved by pulsed generation of an
electrical current passing through the ring.

8. The shaft arrangement of claim 1, wherein the shaft is
partially magnetized in the area of the permanent magnetic
ring and is otherwise not magnetized.
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