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Abstract

It is a well known technical problem to fix a separate magnet as target for measurement. The innovation
of the position sensor presented here is a special geometric form of flat coils which are arranged as a
couple. These coils are electrically interconnected to an alternating current half bridge. The metallic tar-
get moves over the coils in a non contacting manner and in a defined working distance. The only
condition for the target is to be metallic. Of course measuring magnetic targets induce bigger measu-
ring signals. But it is not necessary for the target to be magnetic.

The flat coils produce eddy currents in the metallic target. These eddy currents damp the flat coils.
Caused by the geometric form of the flat coils, the flat coils are damped in the adversary direction. The ac
half bridge converts the difference caused by the damping into a voltage signal. The voltage signal is am-
plified. As a result (after this) the phase is correctly rectified. We get a linear relation between the move-
ment of the target and the output signal. Angle movements can be measured by flat coils which are arran-
ged in a circle. A ferrite plate is fixed on the back of the flat coils. The ferrite plate amplifies the measuring
effect and furthermore protects the flat coils against disturbing objects on their backside. With this sensor,
moving mechanical components can be measured in an easy way. In addition to this, position sensors
can be applied for the identification of coins. The coins have to be moved across the sensor. As a result
different coins induce specific characteristic curves. The curve characteristic depends on size and materi-
al of the coin. All these results indicate an universal approach to a whole range of applications.

1. Introduction to non contact eddy current sensors

The main application for eddy current sensors is the measuring of distance. This eddy current sensor
consists of a coil which is fed with an alternating current of a frequence in the range 1 up to 2 Mhz. At the
front edge of the coil the high frequent field leaving
the coil has impact to a metal plate. This metal
plate, used as a target, has a distance from the
Hagnetisches Euld Objeld : front edge of the coil which is used as the measur-
ing distance. In the metal plate eddy currents are

induced (figure 1). Following the law of induced
wimewane  voltage these currents are inducing a counter field
T » which causes a damping of the generated rf elec-
tromagnetic field.

{

Following figure 2 the current |, in the coil Ly gene-
rates the rf field. The eddy currents in the metal
plate propagate as circular short circuit currents.
Figur 1: Coil with magnetic field and measuring object [6] This situation is demonstrated in the equivalent cir-
cuit by introducing an inductance L, and a current
I, which are generating the opposite field and

' - L%. Myz % : which are reducing the inductance L. In case of
) ! v the metal plate being magnetic there is the magne-
£ = L | L2 U;=0 tostatic effect which gives a rise to the inductance
’ ' : Li. R; represents the eddy current losses which

produce heat in the ohmic resistance of the metal

plate. U, = 0 explains the short circuit current, be-
Figur 2: Equivalent circuit of mutual inductance [7]
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cause there is no other load. The coupling of both fields is done via the mutual inductance My, . As a con-
sequence this principle is modelling a non contact transform coupling between sensor coil and the metal
plate which is representing the measuring target (figure 2).

Thefore the equation of the impedance of the coil is given as:

Ry— jwL,) w’-M;
Z=ﬂ=R1+ja)L1+( 2~ Jjwly) WM,

L (R;erz-L;)

Dependent on the distance between sensor coil and mea-

o — suring object the real value of Z is mainly changing as a
fo ol Al function of Ry, L, and M1.. The evaluation is done by buil-
& / ding up a resonant circuit , i.e. connecting the coil with a
w capacitor. For small distances the damping of the resonant
/ . ; ciruit is strong and having a small quality Q and on the
s f—t— : other side big distances result in high quality Q (figure 3).
/ The resonant circuit is fed by an oscillator. The change of

» distance changes the ratio of damping and finally results in

a change of resonance amplitude. This voltage over the

° / ' resonance circuit is given to a rectifier and then amplified.
w/ o The range of distances starts with 0...1mm and ends with
o == 0...50mm. As a thumb rule one can take the measuring

0 . . . . .
‘oz 4 s B w0 2 W d range as half the diameter of the coil. For applications in

measuring distances usually circular winded coils are
used.

Figur 3: Quality Q dependent on the distance
2 Specially designed position sensor

For all position sensors we use here flat coils which are produced in printed board technology (figure 5a).
These flat coils only have a small quality factor Q which for low frequencies is smaller than 1. In this case
the use of a resonance amplitude is not possible (figure 4). Parameter is the thickness of the copper con-
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Figur 4: Coil quality Q dependent on frequency Figur 5: a) Flat Coils with target ~ b) Alternating current half bridge

ductor with F =18 ym, B = 35 ym, E = 70 ym. Therefore we are not using a resonant circuit but in this
place we do the evaluation with an ac half bridge in differential operation (figure 5b). For applying the right
magnitude to this bridge it is necessary to get a coincident change of target R by AR, together with a
change of Ly by AL, when the target moves upwards (figure 5 a). On the other side the corresponding R
should become smaller by AR; and L, should be reduced by AL; in the same process.
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Regarding the position sensor in figure 5a let the lower position of the target named position 1 and the up-
per position named position 2. Then the target in the lower position 1 gives a damping to only a small part
of the right flat coil. The flat coil on the left side has a bigger damping. The extent of the damping depends

Rs -
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Figur 6: Resistance dependent on the distance Figur 7: ARIR dependent on the frequency
(frequency used as parameter) (target materials used as parameter)

on the position of the target. If the target is moved upwards into position 2 the damping in the right coil is
extended, which means that we get on the right side a part +AR; and on the left side a part -AR; . In fi-
gure 6 the characteristic of R is shown dependent on the distance of an iron target. Parameter is the fre-
quency. It can be seen that for higher frequencies the sensitivity becomes higher but also the nonlinearity
is growing. In figure 7 AR/R is shown dependent on the frequency.
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Figur 8: Characteristic of induction dependent on distance Figur 9: AL/L dependent on the frequency

In figure 8 the change of Ls dependent on the distance can be seen, also with the frequency given as pa-
rameter. In this case the inductance will get the highest change rate at lowest frequencies.In figure 9 AL/L
is given dependent on the frequency.

The characteristics of AR/R und AL/L are dependent on the material, as can be seen from figures 7 and
9. In both diagrams iron offers the highest change rates.
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Figur 10: Sensitivity dependent on the frequency Figur 11: Sensitivity dependent on the frequency

(distance used as parameter)

In figure 10 the output voltage ot the ac bridge is shown. The scaling is done as follows. The sensitivity
equals the change of voltage against the change of distance. For the iron target one can observe a maxi-
mum value of 200kHz, for aluminium and copper target there is no such maximum value. These depen-
dencies afford to calibrate the position sensor to the used target materials.
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I Figur 13: Output voltage dependent on the distance
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Figur 12: Position measuring at a shaft

Also the sensitivity depends on the working distance d of the target (see figure 12 and its characteristic in
figure 11). The output amplitude is linear in most part of the characteristic (see figur 13).

The practical results of this device are related to the measuring ranges of 0...20mm and 0...50mm for the
circuit of figure 5a.
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3 Extended Applications

Angular measurements also can be done by using a configuratioh like in figure 14. The applied range is

between 0 and 150°.

Smm

—

Target im Abstand
wan 0,7mm zum
Aufnehmer

Figur 14: Position sensor for angular measurements Figur 15: Position sensor for edge measurements

Also the target can be used to do edge measurements, see figure 15. In this application a rectangular coil

is used.

The proposed position sensor also can be used for the recognition of coins. In this case the coins have

to be transported across the sensor, see figure 16.
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Figur 16: Arrangement for the identifidation of coins
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Figur 17: Characteristic signal forms for Euro-coins

The characterstic curves are given in figure 17. The characteristics depend on the diameter of the coins
and their material. Also the arrangement of the rolling path of the coins is essential for the form of the out-
coming signal (figure 18).The depths of intrusion can be controlled by the working frequeny.
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Figur 18: Signal form of 1 Cent coin dependent on the height
of the rolling path
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The 5 Cent, 2 Cent and 1 Cent coins
offer the highest amplitudes. They con-
sist of iron with plated copper and can
strongly be magnetized. The 1€ and

Figur 19: Sensor for recognition of coins
with built in electronics
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2€ coins offer medium amplitudes. They consist of nickel-brass and copper-nickel alloys and of nickel.
They are weak magnetizable. The 50 Cent, 20 Cent and 10 Cent coins are not magnetizable. They offer
the smallest amplitudes.

Figur 19 shows a Sensor for recognition of coins with built in
electronics.

4 Summery

This position sensor presented here operates without direct contact and has no load influence to the mea-
suring object. It also offers a high and robust reliability because there are no parts of abrasive wear out.
The targets may have simple rectangular design. The target material may be magnetic or non magnetic,
but has to be calibrated. The high working frequency offers a high speed of operation; 3kHz have been
realisized. Position sensors of this kind also can be applied for the recognition of objets like coins, which
are distinguishable by different diameters and materials. The distance between sensor and target has to
be constant. It has been demonstrated by several examples that the range of applications is nearly uni-
versal.
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