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(54) Title: SENSOR ARRAY FOR DETECTING ROTATION ANGLE AND/OR TORQUE

(54) Bezeichnung: SENSORANORDNUNG ZUR ERFASSUNG EINES DREHWINKELS UND/ODER BINES DREHMOMENTS

(57) Abstract

The invention relates to a sensor array for detecting rotation angle and/or torque in rotational mechanical components (1), wherein a 
torsion bar (20) is formed between the fixing points of two angle sensors (2, 3, 4, 23, 24). The absolute rotational angle position of the 
rotational component (1) and the torque exerted on the rotational component (1) may be derived from the difference in rotation angle in 
the rotational bodies (24) that are coupled to the angle sensors (2, 3, 4, 23, 24).

(57) Zusammenfassung

Es wird eine Sensoranordnung zur Erfassung des Drehwinkels- und/oder des Drehmoments an rotierenden mechanischen Bauteilen 
(1) vorgeschlagen, bei der zwischen Befestigungsstellen von zwei Winkelgebem (2, 3, 4, 23, 24) ein Torsionsstab (20) gebildet ist. 
Aus der Drehwinkeldifferenz von drehbaren KOrpem (24), die an die Winkelgeber (2, 3, 4, 23, 24) angekoppelt sind, ist die absolute 
Drehwinkelstellung des rotierenden Bauteils (1) und das auf das rotierende Bauteil (1) wirkende Drehmoment herleitbar.
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Sensor arrangement for detecting a rotational angle and/or torque

Prior Art

The invention relates to a sensor arrangement for detecting a rotational angle 

5 and/or torque, in particular in axles or shafts, and a method for carrying out

this detection.

A sensor arrangement is known from US-PS 5, 501, 110 in which the torque 

transferred to an axle is to be detected. The torque is determined from the

10 torsion or the rotational angle offset of the ends of the axles and an elasticity 

constant, which depends on the material, and the geometry of the constant. 

Here two magnets and opposite each magnet a Hall sensor are applied to two 

discs each rotating with the axle, which are mechanically coupled to the end

·’’ of the axles.
• · ·

..::..15 • · ·• · ·

.*".** For detecting the torque operating during the rotating of the steering wheel,
• · ·
• for example, very small angle changes in both rotational directions of the• · ·• · ·

steering wheel must be measured. In the case of the evaluation of the field

.··. ; changes of the fields proceeding from the magnets, therefore, an extremely 
• · ·• ·
.••••.20 sensitive and temperature-stabile measuring arrangement is required.• ·• · · ·
• ·

The torque in the rotating steering wheel shaft is a key size for many• · · ·• ·
• *·.. regulating and control tasks in the vehicle. For example in the vehicle system

• · · ·
:....· as in the electric motor power-assisted steering, the so-called cruise control 

25 and the control of drive dynamics, the detection of the two sizes of the

absolute steering wheel angle and torque is often necessary on the steering 

column. The torque can, in principle, be detected in various, known ways. 

The mechanical tension in the rotating material is at first the direct 

measurement size for the torque, the expansion or the contraction. This

30 mechanical tension can, for example, be measured with strain gauges, which 

are applied in the desired direction. In rotating shafts, however, the problem

04/01/02,td11717.spe
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with a variable transformer or with slip rings, but very cost intensively and susceptible to 

faults.

Mechanical tensions can, also by customary means, be detected, contactless with

5 magnetoelastic materials. A permanent connection technique between foils and torsion 

shafts is, however, extraordinarily difficult to manufacture. There are furthermore various 

methods of detecting measuring angles by means of the rotating angle offset between the 

different ends of the shaft. This measuring angle can be detected, for example, by means 

of methods on an optical or an eddy-current basis. The optical procedures have, for the

10 most part, the disadvantage that they detect the angle incrementally and determine the 

angle and therefore the torque from the difference of the trigger times, that is, only 

dynamically.

From DE 195 06 938 Al (US Ser.No. 08/894453) it is known that an absolute angle 

15 measurement is undertaken on a rotatable shaft in that the shaft, whose angularity is to be

determined, is provided with a toothed gear or toothed rim. This toothed gear or toothed 

rim works with two further, neighbouring toothed gears, whose respective angular 

positions are constantly determined with the help of a sensor, the rotating angle of the shaft 

to be detected lastly being determined from the two measured angles with an appropriate

20 method of calculation.

25

30

• · · ·
• · · ·

Summary of the Invention

According to the invention there is provided a sensor arrangement for detecting a 

parameter of mechanical components selected from the group consisting of an angle of 

rotation, a torque of rotating, and both, the sensor arrangement including first and second 

angle encoders securable mechanically at axially different points to a rotating component; 

at least one sensor disposed in a region of said angle encoders, said angle encoders and 

said at least one sensor being disposed such that a torsion of the rotating component is 

detected as a relative change in an angle between said angle encoders; a torsion bar located 

between securing points of said angle encoders; two bodies rotating in slaved fashion at 

different speeds of revolutions, said bodies being disposed on said first angle encoder on a 

circumference of the rotating component so that their rotational angles are detected with

28/06/02,td11717.spe.doc,2
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said sensor and from their rotational angle difference an absolute rotational angle position 

of the rotating component is determined, said second angle encoder being engaged with 

another end of said torsion bar; a further rotating body which engages a sleeve 

corresponding to said first angle encoder and corresponds to one of said first mentioned

5 rotating bodies or the other of said first mentioned rotating bodies, so that a torque, is 

derived from a rotating angle difference of said further rotating body of said second angle 

encoder and of said one and other first-mentioned rotating bodies of said first angle 

encoder.

10
Advantages of the invention

The sensor device mentioned in the preamble above for detecting rotational angles and/or 

torque on rotating mechanical components is advantageously provided with two further 

developed angle sensors arranged at various positions on the component, a torsion bar

15 being formed between them.

• · · ·

• ·• ·• · · ■

• · · » · ·• ··

• · · ·» ·• · · ·

28/06/02,td 11717 spe.doc,2
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As is known from DE 195 06 938 Al (US Serial No. 08/894453), two bodies rotating 

with it with slightly differing rotational speeds, whose rotational angle ψ and Θ can be 

detected with the sensors and from whose rotational angle difference the absolute 

rotational angle situation φ of the rotating component can be deduced are arranged on 

the first angle sensor on the circumference of the rotating component.

According to the invention the second angle sensor clamps onto the other end of the 

torsion bar, a fixed rotating body gripping a sleeve corresponding to the first angle 

sensor, the body corresponding in its dimensions to one of the rotating bodies on the 

first angle sensor. The torque can be easily deduced from the measured rotational 

difference of the rotatable body of the second angle sensor and the identically 

designed rotational body of the first angle sensor, as both angle sensors are pushed 

against one another due to a torsion caused by the torque.

In an advantageous design of the invention, the first angle sensor is provided, on the 

circumference of the rotating component, with meshing teeth as is also the rotating 

body. The second angle sensor is provided with angle markers or meshing teeth on 

the circumference of a sleeve and the rotatable body. The number n of the teeth or the 

angle markers on the rotating component and the sleeve therefore agree. Also the 

number m of the teeth or angle markers on the rotatable body and one of the rotating 

bodies on the first angle sensor are designed to agree. It is especially preferred if the 

number m of the teeth or angle markers of the two rotating bodies differ on the first 

angle sensor by one tooth or one angle marker.

In an advantageous procedure for determining the rotational angle and/or torque, the 

sensor arrangement of the invention a first value kl can be determined for each 

position of the rotating component by means of the evaluation of the rotational angles 

ψ and θ of the rotatable bodies at the first angle indicator. By means of the evaluation 

of the rotatable body on the second angle sensor a second value k2 can be determined. 

The relationship of the values kl and k2 is monitored, a torque being detected with 

each changing relationship and a changing of the angular difference between the
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respective identical rotatable bodies on the second angle sensor and the first angle 

sensor.

The sensors, which determine the angular position of the rotatable bodies, can

5 advantageously be magnetoresistive AMR-, CMR- or GMR sensors, which emit a 

signal for the most part from the field line direction of the magnets connected to the 

rotatable bodies. These sensors allow use also in a small construction area and enable 

a simple electronic evaluation, if applicable also after an analogue-digital conversion. 

The evaluation circuit can be a hybrid circuit, which contains the magnetoresistive

10 sensors and a computing circuit for evaluating the measured angular positions.

In a preferred embodiment the rotational component is the steering column of a 

vehicle on which the first and second angle sensors are arranged. Here also, by means 

of the simply applied toothing onto the steering column and the forming of the torsion

15 bar with a further toothing, a sensor arrangement of the invention can be

manufactured with a relatively small construction area. In the final check in the 

manufacturing of the vehicle the angular differences and the values kl and k2 

described above as well as the relationship to one another in a straight drive is 

detected torque-free and stored. At the following monitoring of the values kl and k2

20 these stored values can be used as reference values.

These and further characteristics of preferred further developments of the invention 

are found, other than in the claims, in the description and the drawings, the individual 

characteristics being realised for themselves alone or for several in the form of

25 subcombinations of the embodiment of the invention and can represent both 

advantageous and patentable designs for which protection is claimed here.

Drawing

30

An embodiment of the sensor arrangement of the invention is described on the basis 

of the drawing. Shown are:
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Figure 1 a schematic view of a sensor arrangement for detecting the absolute 

angular position of an axle according to prior art and

5 Figure 2 a sectional view of a sensor arrangement with a torsion bar to detect

the angle position and the torque acting on the axle according to the invention.

Description of the embodiment

10

In Figure 1 an axle 1 is shown in a schematic view, as a rotating component, whose 

angle of rotation φ is to be determined in the usual way, known from the description 

introduction of DE 195 06 938 Al (US Serial No. 08/894453). On the circumference 

of the axle 1 a toothing 2 is applied with a number n of teeth. In the toothing 2 the

15 teeth of a toothed gear 3 and a toothed gear 4 engage as another rotatable body. The 

toothed gear 3 has, in this example, a number m of teeth and the toothed gear 4 a 

number m+1 of teeth. In the case of the toothed gear 3, a rotational angle ψ and, in 

the toothed gear 4 a rotational angle Θ is measured.

20 The measurement of this rotational angle ψ and Θ takes place contactlessly by means 

of so-called magnetoresistive sensors 5 and 6 by means of the recognition of the 

course of the magnetic field, which are brought about by the magnets 7 and 8 on the 

toothed gears 3 and 4. The sensors 5 and 6 are connected to an electronic evaluation 

circuit 9 in which the calculation steps necessary for the determining of the rotational

25 angle φ and the steps known from prior art begin.

For the calculation of the absolute angular position of the axle 1, the sensors 5 and 6 

are designed as absolute sensors, ie. immediately following the starting of the 

arrangement, the rotational angle of the toothed gears 3 and 4 is known. From these

30 angles, the current rotational angle φ of the axle 1 can immediately be determined, 

provided that the number of the teeth 10 of the toothing 2 on the axle 1 and the 

number of teeth 11 on the toothed gear 3 and of the teeth 12 on the toothed gear 4 is



WO 00/08434 PCT/DE99/02331
6

known. The number of teeth 10, 11 and 12 can be selected according to the size of the 

angle φ to be detected.

For an absolute angle detection area of φ = 3600° and a measurement area ω of the

5 two sensors 5 and 6 of 360° and a required precision of 1°, the number of teeth of the 

toothing 2 must be n = 87, the number of teeth m must then be = 29. With a toothing 

of this kind, an angular area of 3600° can be detected in such a way that clear 

allocations are possible for the rotational angle ψ and Θ the toothed gears 3 and 4. For 

the calculation of the absolute rotational angle φ inside the angle area of here 3600° a

10 value k can first be determined as follows:

k = (m+1) * Θ - m * ψ (1).

Ω
15

The angle ψ and Θ were previously measured with the sensors 5 and 6. The rotational 

angle φ can be determined with the following equation:

20 φ = m * ψ + (m+1) * Θ - (2m+l) * k * Ω (2).

2n

From Figure 2 an embodiment of the invention of a sensor arrangement on the axle 1, 

eg. the steering column of a vehicle is shown, in which in the course of the axle 1, a

25 torsion bar 20 for the measuring of torque is formed. The toothing 2 shown in Figure 

1 is arranged on the first angle sensor on the axle 1. In the toothing 2, toothed gears 3 

and 4 engage analogous to the representation according to Figure 1. From another 

securing point 21a sleeve 22 extends for the forming of the second angle sensor back 

to the first securing point and has a toothing 23 on the free end, which has the same

30 number of teeth n as the toothing 2.

A toothed gear 24 engages with the toothing 23, which has a same number of teeth m 

or m+1 as the toothed gear 3 or 4 and is also equipped with a magnet not visible here
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and a corresponding sensor. If a torque acts on the torsion bar 20, then the toothing 2 

and 23 turn against one another and a differing turning of the toothed gear 24 in 

relationship to the toothed gear 3 or 4 with the same number of teeth. Now, from the 

change of angle between the toothed gear 24 and the toothed gear 3 or 4, the 

influencing torque can be calculated in the same way as, according to the description 

above, the absolute value of the rotational angle φ is determined.

The determining of a value kl takes place in the same way as the calculation of the 

value k according to formula (1) from the angular positions of the toothed gears 3 and

4. If no torque acts on the axle 1, then a calculation of a value k2 according to the 

described method based on the rotational value of the toothed gear 24 instead of the 

identically designed toothed gear 3 or 4 gives a clear value which always stands in the 

same relationship to the value kl. If a change in the relationship from kl to k2 

results, then this will elicit a change of the angular difference between the toothed 

gear 24 and the toothed gear 3 or 4 with the same number of teeth. This change in 

angular difference is brought about by torque acting upon the axle and can, in the 

evaluation 9, be changed to a corresponding output signal.
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The claims defining the invention are as follows:

1. A sensor arrangement for detecting a parameter of mechanical components

selected from the group consisting of an angle of rotation, a torque of rotating, and both, 

the sensor arrangement including first and second angle encoders securable mechanically

5 at axially different points to a rotating component; at least one sensor disposed in a region 

of said angle encoders, said angle encoders and said at least one sensor being disposed 

such that a torsion of the rotating component is detected as a relative change in an angle 

between-said angle encoders; a torsion bar located between securing points of said angle 

encoders; two bodies rotating in slaved fashion at different speeds of revolutions, said

10 bodies being disposed on said first angle encoder on a circumference of the rotating 

component so that their rotational angles are detected with said sensor and from their 

rotational angle difference an absolute rotational angle position of the rotating component 

is determined, said second angle encoder being engaged with another end of said torsion 

bar; a further rotating body which engages a sleeve corresponding to said first angle

15 encoder and corresponds to one of said first mentioned rotating bodies or the other of said 

first mentioned rotating bodies, so that a torque, is derived from a rotating angle difference 

of said further rotating body of said second angle encoder and of said one and other first- 

mentioned rotating bodies of said first angle encoder.

20

• · · ·

2. A sensor arrangement as defined in claim 1, wherein said first angle 

encoder is provided with formations selected from the group consisting of angle markings 

and intermeshing sets of teeth of the circumference of the rotating component and of said 

first mentioned rotatable bodies, said second angle encoder being provided with further 

formations selected from the group consisting of angle markings and intermeshing sets of 

teeth provided on a circumference of said sleeve and of said further rotating body, so that a 

number of said mentioned formations on the rotating component and said sleeve agree, and 

a number of said formations of said further rotating body and on said first mentioned 

rotating bodies of said first angle encoder agree.

30 3. A sensor arrangement as defined in claim 2, wherein a number of said

formations of said first mentioned rotating bodies of said first angle encoder differ by one 

formation.

28/06/02.td11717.spe.doc,8
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4. A sensor arrangement as defined in any one of the preceding claims, 

wherein said sensors that detect an angular position of said rotating bodies are 

magnetoresistive sensors selected from the group consisting of a AMR sensors, CMR 

sensors, and GMR sensors, which output a signal that is dependent substantially on a field

5 line direction of magnets connected to said rotating bodies; and further including an 

evaluation circuit in which from said signals the absolute rotational angle of the rotating 

component and the torque acting on the rotating component are ascertained.

5. A sensor arrangement as defined in claim 4, wherein said evaluation circuit

10 is a hybrid circuit which includes the magnetoresistive sensors and a computation circuit

for evaluation of measured angles.

6. A sensor arrangement as defined in any one of preceding claims, wherein 

the sensor arrangement is an arrangement for detecting a parameter of a rotating

15 mechanical component which is a steering spindle of a motor vehicle, on which spindle 

said angle encoders are mounted.

20

• · · ·

• · · ·» I• · · ·

7. A method for detecting a parameter of a rotating mechanical component 

selected from the group consisting of a rotational angle, a torque, and both, with the use of 

the sensor arrangement defined in claim 8, the method including the steps of ascertaining 

for each position of the rotating component a first value by evaluating rotational angles of 

the rotatable bodies of the first angle encoder; ascertaining a second value by evaluating a 

rotational angle of the further rotatable body on the second angle encoder; and monitoring 

a ratio of the values so that if there is a change in a ratio and in an angular difference 

between the further rotatable body on the second angular encoder and one of the first two 

rotatable bodies on the first angle encoder, or between the further rotatable body on the 

second angle encoder and the other of the first two rotatable bodies on the first angle 

encoder, a torque is detected.

30

8. A sensor arrangement substantially as described herein with reference to the

28/06/02,td 11717. spe. doc, 9
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9. The method as claimed in Claim 7, substantially as described herein with 

reference to the accompanying drawings.

Dated this 28th day of June, 2002.

5 ROBERT BOSCH GMBH
By their Patent Attorneys:

• · · ·• · ·

• · ·• · ·• · · ·
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