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(57) ABSTRACT 

Disclosed are inductive linear and angle Sensors for motor 
vehicles, which include an oscillator circuit for generating a 
periodic alternating-voltage Signal; an exciting coil coupled 
to the oscillator circuit; Several receiving coils, an evaluating 
circuit for evaluating Signals induced in the receiving coils, 
and one movable inductive coupling element which influ 
ences a strength of inductive coupling between the excita 
tion coil and the receiving coils. The one movable inductive 
coupling element of each Sensor is varied in form to reduce 
residual error, which occurs during operation. 

4 Claims, 4 Drawing Sheets 
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INDUCTIVE LINEAR SENSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This application claims a priority based on German appli 
cation 199 20190.0 filed May 3, 1999, and the contents of 
that application are incorporated herein by reference. 

This invention relates to inductive angle or linear Sensors, 
more particularly to inductive angle or linear Sensors for use 
on motor vehicles. 

2. Background Art 
German patent document DE 19738 836 A1 discloses the 

measuring principle involved using an angle Sensor. FIG. 3 
of that German document also illustrates inductive coupling 
elements having meandering Structures. 

The output Signals of Such linear and angle Sensors exhibit 
a certain residual error with respect to a position of the 
Sensor. Such a residual error with respect to a linear Sensor 
is illustrated in FIG. 1. In the Figure, a percentage error of 
the Sensor is shown as a function of a Scaled position of an 
inductive coupling element. 
An analysis indicates that this error is caused by a 

non-linear progression of a magnetic field of the inductive 
coupling element. The progression is represented in FIG. 2 
for a rectangular conductive grid, at a defined distance d. 
A Sinking of a plateau shown in the drawing, of a 

measured Signal in the measuring direction causes a large 
part of the error. A six-fold repetition of the error acroSS the 
measuring path during operation of the Sensor results from 
the angle Sensor having three receiving coils divided into Six 
partial areas. The measuring principle of a Sensor having 
Several receiving coils is described in German patent docu 
ment DE 19738 839 A1. 

The magnitude of the error represents a significant limi 
tation to the operational accuracy that can be achieved by a 
Sensor of this type. 

It is therefore, an object of this invention to provide an 
inductive Sensor in which an error that arises as a result of 
non-homogeneity of a magnetic field created by an inductive 
coupling element is significantly reduced. 

SUMMARY OF THE INVENTION 

According to principles of the present invention, an 
inductive linear Sensor for a motor vehicle includes an 
oscillator circuit for generating a periodic alternating 
Voltage Signal; an exciting coil coupled to the oscillator 
circuit; Several receiving coils, an evaluating circuit for 
evaluating Signals induced in the receiving coils, and one 
movable inductive coupling element which influences a 
Strength of inductive coupling between the excitation coil 
and the receiving coils. In one embodiment of the invention, 
the inductive coupling element has a Substantially rectan 
gular shape but at least one outer boundary line thereof 
differs from the geometric shape of a Straight line. 

According another embodiment of the present invention, 
the inductive coupling element has a meandering conductive 
grid formed of opposite Substantially circular arc Sections 
having radial connecting lines extending between the circu 
lar arc Sections, with a direction of at least one of the 
connecting lines differing from a radial direction. 

Starting with an uncomplicated geometry of a moveable 
inductive coupling element having a rectangular conductive 
grid for a linear Sensor, which is analogous to a closed loop 
for an angle Sensor, and with a given geometry of a receiver 
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2 
conductive grid, the geometry the moveable inductive cou 
pling element is purposely changed to achieve a desired 
result. 

By this matching of the geometry of the inductive cou 
pling element, the error is minimized So that, in general, a 
Sensor with more exactness is achieved. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and Specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described and explained in more detail 
below using embodiments shown in the drawings. The 
described and drawn features can be used individually or in 
preferred combinations in other embodiments of the inven 
tion. The foregoing and other objects, features and advan 
tages of the invention will be apparent from the following 
more particular description of a preferred embodiment of the 
invention, as illustrated in the accompanying drawings in 
which reference characters refer to the same parts through 
out the different views. The drawings are not necessarily to 
Scale, emphasis instead being placed upon illustrating prin 
ciples of the invention in a clear manner. 

FIG. 1 is a graphic plot which illustrates a Sinusoidal 
Signal representative of a percentage of error as a function of 
a position of a movable inductive coupling element, of an 
inductive Sensor of the type with which this invention is 
used; 

FIG. 2 is a three dimension graphic plot, which illustrates 
a magnetic field created during movement of the inductive 
coupling element of the Sensor. 

FIG. 3 is a Schematic plan View of an inductive coupling 
element, having rectangular geometry, of a conventional 
inductive Sensor; 

FIG. 4 is a Schematic plan View of an inductive coupling 
element of an inductive Sensor of this invention; 

FIG. 5 is a Schematic circuit diagram illustrating an 
inductive Sensor of a general type with which the present 
invention is employed; and 

FIG. 6 is a graphical representation of a movable induc 
tive coupling element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the present invention is explained 
hereinbelow with reference to a linear Sensor having Sub 
Stantially a rectangular inductive Switching element. 
However, the problem and its solution described are com 
pletely analogous for inductive angle Sensors. 

FIG. 3 illustrates a schematic simplification of an induc 
tive linear sensor 1 (of the general type of FIG. 5); 
Specifically, a Section of a receiving coil 3, as well as a 
movable inductive coupling element 5 having Substantially 
rectangular geometry. For ease of understanding, other 
details are not shown in this view. In particular, the Sending 
coil is not shown here and one must imagine it about the 
illustrated arrangement. (See however, FIG. 5). 
The Voltage induced by the movable inductive coupling 

element 5 in one of the receiving coils 3 is a time-dependent 
derivative of the magnetic flow 
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The magnetic flow resulting in the conductive-grid plane of 
the receiving coils 3 from a given magnetic field 
progression, that is, determined by a given geometry of the 
movable coupling element 5 and a constant distance and 
constant y-position between the movable inductive Switch 
ing element 5 and a stator, b (t, x, x0, y), is 

where A is the Surface of the receiving coil 3 and Xo is the 
position of the movable inductive coupling element 5 with 
respect to the receiving coils 3 as the inductive coupling 
element 5 is moved in the measuring direction. The desired 
behavior is a linear interrelationship between U and Xo: 
U=k*Xo. However, this can also be expressed So that the 
derivation of U according to Xo, is a constant: 

U; 
-- COilSt. 
dxo 

Using averaging over time to evaluate the Signal, 

d did COinS 

can be postulated directly for the desired behavior. 
Therefore, the time dependence of the signal is unimportant 
for this evaluation. 
ASSuming any geometry of the illustrated Substantially 

rectangular movable inductive coupling elements 5, the 
calculation 

d 
divo bs (t, x - x0, y)d. A 

does not yield a constant value. 
According to the present invention, the geometry of the 

movable inductive coupling element 5 is varied so that this 
constant value requirement is met at least in an approximate 
manner. However, the necessary implementation of the 
inductive coupling element 5 cannot be determined 
mathematically, Since this depends on the exact arrangement 
of the Sending and receiving coils, which can have a 
relatively complex Structure. Therefore, it is advantageous to 
determine the shape of the inductive coupling element 5 
empirically; for example, by varying the shape of the 
coupling element 5 for a linear Sensor, or the shape of a 
meandering coupling element for an angle Sensor, So that the 
error Signal is leSS and in the ideal case minimal. 

With respect to the linear sensor, as shown in FIG.4, it has 
been found beneficial to curve at least one of the outer 
boundary lines of the (originally rectangular) inductive 
coupling element 5 in the form of a circular arc. For angle 
Sensors, a minimizing of the error Signal can be achieved in 
that the circular arc-shaped Sections vary at least partly from 
the circular arc shape and/or the (originally) radial Section is 
shaped at least partly in a manner varying from the radial 
direction. The exact Shaping of the inductive coupling 
element depends on the geometry of the Sensor and must be 
determined for each individual case. 
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4 
FIG. 6 is a graphical representation of a movable induc 

tive coupling element 20 for influencing a strength of 
inductive coupling between the exciting coil 7 and receiving 
coils 3. The movable inductive coupling element 20 has a 
meandering conductive grid formed of opposite, Substan 
tially circular arc, Sections having lines extending between 
the circular arc Sections. A direction of at least one of the 
lines differs from a radial direction. The circular arc Sections 
form Sections, which vary from the ideal circular arc Shape. 

FIG. 5 is a Schematic circuit diagram illustrating generally 
an inductive sensor 1 of the type with which the present 
invention is employed. The Figure illustrates receiving coils 
3, a movable inductive coupling element 5, an exciting coil 
7, an oscillator circuit 9 and an evaluation circuit 13. 
The invention being thus described, it will be obvious that 

the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the Spirit and Scope 
of the invention, and all Such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the Scope of the following claims. 
What is claimed is: 
1. An inductive linear Sensor for a motor vehicle, com 

prising: 

an evaluation circuit; 
an oscillator circuit for generating a periodic alternating 

Voltage Signal; 
an exciting coil coupled to the oscillator circuit; 
Several receiving coils coupled to the evaluation circuit 

with Said evaluation circuit evaluating Signals induced 
in the receiving coils, and 

one movable inductive coupling element for influencing a 
Strength of inductive coupling between Said exciting 
coil and Said receiving coils, 

wherein Said coupling element has a Substantially rectan 
gular shape, but at least one outer boundary-edge line 
thereof differs from the geometric shape of a Straight 
line. 

2. An inductive Sensor as in claim 1, wherein the at least 
one boundary-edge line is curved in the form of a circular 

C. 

3. An inductive angle Sensor for a motor vehicle, com 
prising: 

an evaluation circuit; 
an oscillator circuit for generating a periodic alternating 

Voltage Signal; 
an exciting coil coupled to the oscillator circuit; 
Several receiving coils coupled to the evaluation circuit 

with Said evaluation circuit for evaluating Signals 
induced in the receiving coils, and 

one movable inductive coupling element for influencing a 
Strength of inductive coupling between Said exciting 
coil and Said receiving coils, Said one movable induc 
tive coupling element having a meandering conductive 
grid formed of opposite, Substantially circular arc Sec 
tions having lines extending between the circular arc 
Sections, 

wherein a direction of at least one of the lines differs from 
a radial direction. 

4. An inductive Sensor as in claim 3, wherein the circular 
arc Sections form Sections which vary from an ideal circular 
arc shape. 


