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Magnetic Proximity Switches 191
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Figure 9-10 Oscillator circuit implementation.
INDUCTIVE PROXIMITY SENSORS

Inductive proximity sensors depend on changing a magnetic field surrounding
a sensor element by inducing eddy currents in a ferrous or nonferrous target
brought into close proximity with the sensor element. This type of sensor
is also sometimes called a proximity switch. It offers fast, accurate. and
highly repeatable (3 percent of target distance, typically +0.0005 in.) oper-
ation at relatively low cost. Eddy current proximity sensors will operate at
temperatures up to about 250°F and at frequencies to 10 kHz for some designs,
and 2 MHz for others. They can differentiate metallic object thickness vari-
ations on the order of 0.03 in.

The eddy current inductive sensor circuit (Fig. 9-10) consists of an ac
oscillator circuit, an inductor coil L;, and an output voltage detector (or de-
modulator circuit) that senses the amplitude of the output waveform produced
by the oscillator. When nothing is near the inductor sensor head, the oscillator
amplitude will stabilize to some nominal value. But when a metallic target is
in the field of the coil, the magnetic field of the coil will induce eddy currents
in the target. These eddy currents create a magnetic field around the target,
and this field will change the resistance component of the impedance of the
sensor coil. This interaction will cause a sudden drop in the output amplitude
of the oscillator, and this drop can be used to indicate the presence of the object.

The reduction of amplitude is usually quite sharp with respect to posi-
tion. At some minimum deadband gap (usually 5 to 20 mils) the amplitude
will drop to zero.! Below this distance, sensing will not occur,

Other inductive proximity sensors operate by allowing the metallic target
to create a change in the oscillator frequency. If a frequency-selective circuit
is monitoring the output, then its output level is a function of target position.

In both amplitude and frequency versions, the inductor sensor coil is
calibrated using a standard target. In many cases a 30 mm x 30 mm x |
mm mild steel disk at a specified sensing range is used as the standard.

MAGNETIC PROXIMITY SWITCHES

Reed switches are a class of switches used in certain areas of electronics.
These devices consist of a set of magnetized switch contacts inside an evac-
uated glass envelope (Fig. 9-11). When a magnet is brought near the glass
WiTricity Corp.
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192 Chap. 9 Proximity and Presence Sensors

Direction
of
travel

} Object {

— Magnet affixed

Magnetic

switch
i 1 Figure 9-11 Magnetic reed switch prox-
X X IMmity sensor.

envelope, the switch contacts either move apart or come together, depending
on which pole of the magnet is nearest. Some reed switches are normally
closed (N.C.), so they open when the magnet is present. Others are normally
open (N.O.), so they close when the magnet is close. Still others are single-
pole, double-throw (SPDT) types, so they provide both N.C. and N.O.
functions.

Some reed switches are used in explosive atmospheres (natural gas,
gasoline vapors, etc.) where a regular electrical switch would spark and cause
detonation or fire. These explosion-proof reed switches have dc electro-
magnet coils surrounding them. When current is applied to the coil, a mag-
netic field builds up and actuates the reed switch.

Another application of magnet-operated reed switches is in intruder
alarm systems for windows and doors, A close look at some such intruder
alarms will reveal two pieces placed in close proximity, one on the moving
part of the window and the other on the window frame, yet neither piece
touching the other. The component on the moving part of the window is a
permanent magnet, whereas the component on the fixed portion is a reed
switch. When the window is closed, the magnet actuates a switch and closes
the internal contacts. But when the window is raised, the magnet moves
away, and the switch contacts open—causing the alarm to sound if everything
is in good working order.

In the magnetic proximity sensor shown in Fig. 9-11, the object being
detected is fitted with a permanent magnet. When the magnet comes close
to the reed switch, it causes the switch to actuate and send a signal to the
electronic circuits monitoring the process. Figure 9-12 shows two examples
of such circuits. In Fig. 9-12(a), the reed switch is connected in series with
a light-emitting diode (LED) and a current-limiting resistor R,. When the
switch closes, the dc power supply V| is connected to the LED/R, circuit,
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Light-Operated Proximity/Presence Sensors 193

+12V de
o]
1DK§
A, |
AMA—
.—.
b
D 4 0 (4 | @
S'I e e, é 51
LED T~ e =
: -
IL'l’l'l
o —
11| — -
(a) (b)

Figure 9-12 Reed switch circuits: (a) simplest form: (b) operational electronic
form.

causing the LED to light up. The lighted LED indicates that the object
being detected is present and in position.

A second version is shown in Fig. 9-12(b). If a N.O. reed switch is
used, then the noninverting input ( +) of the op-amp (see Chapters 19 and
20) will be placed at a logical HIGH level, that is, about +12 V with the
configuration as shown. This voltage level is reflected as a HIGH at the
output V. But when the reed switch closes, the noninverting input is grounded,
so the op-amp sees an input voltage of zero. This LOW condition is reflected
as a LOW output. Thus, the output terminal of the op-amp will switch
between HIGH and LOW as the object approaches, and back to HIGH when
the object passes. The polarity can be reversed by using a N.C. switch instead
of a N.O., as shown.

LIGHT-OPERATED PROXIMITY/PRESENCE SENSORS

A number of different light sensors are available on the market (see Chapter
15). Devices such as photoconductive cells. photovoltaic cells, photodiodes,
and phototransistors are used in various applications. Wavelength sensitiv-
ities can run from the far infrared to the far ultraviolet or near— X-ray regions
of the electromagnetic spectrum. These sensors provide an output voltage,
outpui current, or change of resistance in response to an impinging light.
We will not dwell here on the nature of these electro-optical (E-O) sensors
but will discuss how they are used for proximity sensing.

The simplest form of light-based sensor system is shown in Fig. 9-13.
In this system the sensor (a phototransistor) is positioned opposite a light
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