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INDUCTIVE SENSORS

Principle

Sensing surface

Standard target

Correction factor

Inductive sensors are based on the interaction of metallic targets with the electromagnetic
alternating field of the sensor. Eddy currents are induced in the metallic damping material, which
removes energy from the field and reduces the height of the oscillation amplitude. This change is
processed in the inductive sensor.

The functional groups of Balluff sensors are:

s HIHb b

Sensor field, Oscillator Demodulator Trigger Output-
Caoil, core driver

(i

Actively measuring area and thereby the externally sensitive electrode/plate of the electrode
system. It is generally somewhat smaller than the surface of the cover.

Sensor field

Sensing surface

A square plate made of Fe 360 (ISO 630), used to define sensing distances per EN 60947-5-2.

Thickness is 1 mm; the side length "a" corresponds to the diameter of the inscribed circle of the
active surface or 3 sy, if the value is larger than the named diameter.

Sensing surface

Reduction in the switching distance for damping materials that are not Fe 360.

Material Factor
Steel 1.0
Copper 0.25...0.45
Brass 0.35...0.50
Aluminum 0.30...0.45
Stainless steel 0.60...1.00
Nickel 0.65...0.75

Cast iron 0.93...1.05



Switching frequency

Delay times

Time delay before availability

Temperature effects and limits

Ambient temperature T,

Temperature drift

Magnetic field immunity

Operating principle
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The maximum speed at which the
sensor can reliably detect an object
under standardized conditions.

This corresponds to the maximum
number of switching operations
(ON/OFF) per second. The value is
dependent on the size and speed of
the object and its distance from the
sensing face.

Usch

Duration between the application of power and the availability of a sensor.

The maximum permissible temperature range at which a sensor may be operated while ensuring
reliable functioning of the sensor.

The temperature drift is the deviation of the real switching distance within the temperature
range of —25 °C < Ta < +70 °C. In accordance with EN 60947-5-2: As//s, < 10 %

Error-free function depends on the magnitude of the welding current and the distance between
the sensor and the current-carrying line.

Construction and circuitry design measures ensure that magnetic field immune sensors are not
influenced by magnetic fields.

Magnetic field

Current
conductor
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Operating voltage Ug

Rated operating voltage

Voltage drop Ug

Rated isolation voltage

Rated supply frequency

Ripple

Rated operating current

Off-state current

Short-term current
carrying capacity Iy

Limited rated
short-circuit current

Voltage range (V) n which flawless functioning of the sensor is assured.
It includes all voltage tolerances and ripple.

The maximum voltage at which the sensor can be used in normal use.
Indicated by Us. DC switches: Ug = 24 V DC; AC and AC/DC switches: Ug = 110 V AC.

The maximum voltage loss of the switching final stage between switching output and +Ug (PNP)
or —=Ug (NPN) at the maximum specified load current.

The voltage to which the insulation checks and the air and creepage distances refer.
For sensors, the highest rated operating voltage is considered the rated insulation voltage.

Frequency of the operating voltage when using alternating current

The maximum permissible AC voltage (peak-to-peak of Ug which may be superimposed on the
operating voltage Us without affecting the function of the sensor.

t
Ue = Rated operating voltage
Uss = Oscillation width

u
Ripple © = L‘j" x 100 [%]

e

The permissible output current which flows through the load R.

The current which flows in the load circuit when a sensor is not conducting (open).

For an AC device the short-term permissible current Iy (Ae) during a specified turn-on
duration tx (ms) and repetition rate f (Hz).

Value of the unaffected short circuit current which the short circuit protected circuit can
withstand during the entire turn-off time (duration of current flow) of the device under specified
conditions. This current is prescribed in the standard in order to test the short-circuit protection
of sensors.



No-load current

Minimum operating current

Output resistance

Load capacitance

Output circuits
Driver stages

3-wire DC-switch

2-wire DC-switch

2-wire AC- and
AC/DC-switch
(all current switch)
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The maximum internal current consumption with no load connected to the switching output
(in general at Ug max. and actuated).

Minimum current (mA) required when energizing the output to maintain operation.

Resistance (Ra) at the output of a circuit or component. The output resistance is generally a
frequency-dependent, complex resistance with amount and phase and is referred to as output

resistance.

The load capacitance is the permitted total capacitance at the sensor output, including cable

capacitance.

PNP, positive switching
(current source)

NPN, negative switching
(current sink)
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Semiconductor switch

output resistance

Light diode

Z-diode, delimiter

Polarity reversal-protected diode
Polarity reversal-protected diode
in the load circuit

(only with short-circuit

protected version)

Semiconductor switch
Z-diode, delimiter
capacitor

bridge rectifier

light emitting diode

Semiconductor switch
Z-diode, delimiter
Sieve condenser
HF-points-limit

bridge rectifier

Light diode

Voltage point limiter
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DC 3-/4-wire
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NC

Complementary
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Series connection

Parallel circuit

Utilization categories
in accordance with
EN 60947-5-2/IEC 60947-5-2

Electrical circuit type in
which the components are
connected to each other in
a string so that they form a
single current path.

Electrical circuit type in which
all the switching elements
and their same named poles
are connected in common to
each other, so that multiple
current paths result.

Category

AC 12 AC-switch
AC 140 AC-switch
DC12 DC-switch
DC 13 DC-switch

3-wire DC-switch

3-wire DC-switch

®_

Ug
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2-wire DC-switch

Typical load applications

Resistance- and semiconductor loads, optocouplers
Small electromagnetic load la < 0.2 A; e.g. contactor relay
Resistance- and semiconductor loads, optocouplers
Electromagnets

(AC/DC)
~/+ N
+)
G _.
| |
., | |
¢ _.
j
G
U

2-wire DC-switch

Parallel wiring of 2-wire-
sensors is not recommended,
since missed pulses can

be caused by the ready delay
as the oscillator begins to
oscillate.
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Cable break protection

Reverse polarity protection

Short-circuit rating

Characteristic of 3-wire switches which prevent malfunction when there is a cable break.
A built-in diode prevents the current from flowing via the output line A.

Also called polarity reversal protection. This sensor technology protects against reversal of the
supply voltage (plus and minus) and reversal of the connection wires (brown and blue).

Characteristic of components or assemblies which indicates the short-circuit current which the
component or assembly can withstand.

Short-circuit protection (sensors with a maximum voltage of 60 V DC)

The short-circuit protection is achieved in Balluff sensors with clocked or thermal short-circuit
protection circuitry. The output stage is thereby protected against overload and short circuit. The
release current of the short-circuit protection is above the rated operating current l,. Currents
from switching and load capacitances are specified in the sensor data and do not trigger this
function, but rather are masked by a short delay time.

Short-circuit protected/overload protected (sensors for operation optional with AC or DC power supply)

Short-circuit protected/overload protected sensors are often operated with relays or contactors
as load. At switch-on, alternating current switching amplifiers (protection contactor/relay) for the
sensor are briefly a substantially higher load (6...10 x rated current) than later in the later static
operation, because their core is still open. The static value of the load (current) is only reached
after several milliseconds. Not until the magnetic field is closed does the max. permissible rated
operating current lg listed in the data sheet flow through the sensor. The release value for a
short-circuit in these sensors therefore has to be significantly greater. If for example the contac-
tor can no longer be entire closed due to mechanical or electrical reasons, this could lead to an
overload of the sensors. This is where the overload protection comes into play. It is designed as
slow-acting (time-delayed). Its trigger threshold lies only slightly above the maximum permissible
le. A reaction (in other words, shutoff) occurs, depending on the height of the overload, only af-
ter more than 20 ms. This ensures that properly working relays and contactors can be switched
normally, while defective devices will not destroy the Balluff sensors. The short-circuit/overload
protection usual has a bistable design and has to be reset after triggering by switching the ope-
rating voltage.



Approach direction

Standard target, radial approach direction
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Direction of an object as it enters the detection range/active range of a sensor.

Standard target, axial approach direction T

E A

Standard target, radial approach direction
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Sensor diameter (sensing face)

\
\
‘ Sensor

Axial and radial damping

When damping in an axial direction, the standard target is moved concentric to the system axis.
The switchpoint is thereby determined only by the distance "s" from the sensing surface of the
sensor. When damping in the radial direction, the location of the switching point is additionally
affected by the radial distance "r" of the target from the system axis. The diagram shows the re-
sponse curves, which indicate the dependency of the switching point on "s" and "r". The primary
purpose of this drawing is to show the possibility of damping using a lateral approach and the
difference compared with axial approach.

Application

Due in part to manufacturing tolerances within a production run, the exact switchpoint must
in any case be established on site. The solid curves indicate the respective turn-on point, the
dashed curves the turn-off point A. The blue curves apply to switches with a clear zone, and
the black ones for flush-mountable switches. Since the switching operation can be induced
from either direction, the curves are shown mirrored from the system axis.

Examples

Passing objects on conveyor lines generate a signal change when their front edge crosses the
turn-on curve on the entry side. The signal reverses again when the back edge of the passing
object crosses the (mirrored) turn-off curve on the opposite side. In the case of reversing parts
(e. g. end of travel), the signal reversal occurs at the turn-off curve on the same side.

The vertical axis in the diagram shows the distance of the switching point from the sensing
surface. It is based on the rated switching distance sn. At a distance of 0.8 mm, a laterally
approaching target reaches the solid line turn-on curve at point "E" and leaves the turn-off curve
at point "A". the horizontal axis in the graph is referenced to the radius of the sensing surface.
The zero point of this axis lies in the center of the shell core cap. In our example for the M12
switch, the radius is r = 6 mm.

www.balluff.com
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Switching distances

Switching distance

Assured switching distance S,

Effective operating distance s,

Rated operating distance S,

Usable operating distance

Switching distance labeling

The distance between the standard target and the
sensing surface of the sensor at which a signal ch-
ange is triggered as per EN 60947-5-2. For a nor-
mally open switch this means from OFF to ON and
for normally closed from ON to OFF.
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Switching distance within which assured operation of the sensor at a specified voltage and

temperature range is given (0 < s, < 0.81 sp).

The switching distance of a single proximity switch measured under specified conditions, e.g.
flush mountable, rated operating voltage U, temperature T,.

Maximum achievable switching distance from the standard target under device specification (ge-

nerally with s, as shipped from the factory).

The permissible operating distance is the permitted switching distance within fixed voltage and

temperature limits (0.81 s, < s, < 1.21 sp).

Switching distance Size

m Standard-switching distance
according to EN 60947-5-2

mm 2 x switching distance @3 mm*
compared to standard @ 4 mm/M5*

@ 6.5 mm...M30
mmm 3x switching distance @ 3 mm*
compared to standard 3 4 mm/M5*

@ 6.5 mm..M12

M18...M30

mmmm 4x switching distance
compared to standard

Switching distance

1 mm flush

1.5 mm flush
1.5...2-x

3 mm non-flush

5 mm non-flush
2.2...3-x

depending on version

*Information for switching distance in mm. The switching distances of these sensors are not

standardized.



Repeat accuracy

Hysteresis
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Variance in the output values when approaching a mechanically prescribed position repeatedly
from the same direction.

Signal difference resulting for measurement sensors when a mechanically prescribed position

is approached from one side, then crosses this point and afterwards approaches this same posi-
tion from the other direction. Position difference between switching point (object approaches)
and switch-back point (object travels away) for switching sensors.

Hysteresis
— -

Off switching
point

5 5 \ Measuring range
Motion J
; o

i On switching
point

Prescribed position

Installation in metal: Sensors with standard switching distance m

Flush mountable sensors

Non-flush mountable sensors

Opposing installation
of two sensors

Installation medium

Flush mountable sensors can be installed with their sensing
surfaces flush to the metal. The distance to the opposite
metal surfaces has to be = 3 s, and the distance between
two sensors (with row mounting) has to be > 2d.

Non-flush mountable sensors can be identified by Sf;:'gg
their "caps", since they have no metal housing sur-

rounding the area of the sensing face. The sensing
surface must extend = 2 s, from the metallic
installation medium. The distance to the opposite
metal surfaces has to be = 3 sy, and the distance
between two sensors (with row mounting) has to
be > 3d.

The opposing (facing) installation of two sensors
requires a minimum distance of a = 3d between the
sensing faces.

78

Ferromagnetic materials Iron, steel or other magnetizable materials
Non-ferrous metal Brass, aluminum or other non-magnetizable materials
Other materials Plastics, electrical non-conductive materials

www.balluff.com
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Installation in metal: Sensors with 2 x switching distance mm

Flush mountable sensors

Non-flush mountable sensors

Opposing installation of
two sensors

Flush mountable sensors can be embedded flush up to their
sensing surfaces in non-ferrous materials. Installation in
non-ferrous metal may result in a reduction of the switching di-
stance. The distance to the opposite metal surfaces has to be
> 3 sn, and the distance between two sensors (with row
mounting) has to be = 2d. In order to install the sensor in
ferromagnetic materials, the following guidelines are used for
dimension "x".

@3 mm 1 mm

@4 mm 1.5 mm Sensing
/ surface

M5 1.5 mm

@ 6.5 mm 0 mm

M8 0 mm

M12 1.5 mm

M18 2.5 mm

M30 3.5 mm

For DC 2-wire sensors, the following apply:

M8 0 mm
M12 0 mm
M18 0.7 mm
M30 3.5 mm

In the Factor 1 and ATEX NAMUR sensor family, dimension x is not needed when installing in metal.

Sensing
surface

Non-flush mountable sensors can be identified by
their "caps", since they have no metal housing sur-
rounding the area of the sensing face. The sensing
face must extend = 2 sn from the metallic installati-
on medium. The distance to the opposite metal sur-
faces must be = 3 sn, and the distance between
two sensors (with row mounting) has to be = 3 d.

The opposing installation of two sensors requires a
minimum distance of a = 4d between the sensing
surfaces.

&4
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Installation in metal: Sensors with 3 x and 4 x switching distance mmm and mmmm

Quasi-flush mountable sensors

Non-flush mountable sensors

Opposing installation
of two sensors

Sensing
surface

Quasi-flush mountable sensors require space behind
the sensing surface which is free of conductive
materials. Under this condition the specified switching
distance is available without limitation. Dimension "x"
(see fig.) indicates the shortest distance between the
sensing face and the conductive material behind it.

@ 6.5 mm 2 mm 1 mm 3 mm 2 mm
M8 2 mm 1 mm 3 mm 2 mm
M12 2.5 mm 2 mm 4 mm 3 mm
M18 4 mm 2.5 mm

M30 8 mm 4 mm

Non-flush mountable sensors can be identified by their
"caps", since they have no metal housing surrounding
the area of the sensing face. The distance to opposing
metal surfaces must be > 3 s;,.

Installation conditions:

Size d Dimension b Dimension ¢ Dimension e
@3 mm > 10 mm > 30 mm > 10 mm
@4 mm > 15 mm =40 mm =20 mm
M5 > 15 mm =40 mm >20mm
@ 6.5 mm =8 mm > 32 mm =8 mm
M8 >8 mm > 32 mm >8 mm
M12 > 10 mm > 48 mm > 12 mm
M18 >20 mm >72mm > 18 mm
M30 > 35 mm in steel > 120 mm > 30 mm

> 25 mm in non-ferrous metal
> 20 mm in stainless steel

The opposing installation of two sensors requires a
minimum distance of a = 5d between the sensing
surfaces.

For exceptions see table:

&4

@3 mm 20 mm
@4 mm 45 mm
M5 45 mm

www.balluff.com
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INDUCTIVE DISTANCE SENSORS WITH ANALOG OUTPUT

Distance sensor
with analog output

Effective distance s,

Linearity range

Linearity error

Limit frequency

Measurement speed

Temperature drift

Temperature coefficient

A sensor which generates a continuously varying output signal which is a function of the
distance between the sensing surface and the actuation element.

Point in the middle of a sensor's range of linearity s,. Serves as a reference point for further
specifications.

Working range in which the sensor has defined linearity.

Maximum deviation from the straight line that connects the zero point of the measuring range
to the end point or full extension. There is a linear relationship between the position or path to
be measured and the output signal for a voltage, current or digitized output information. This

feature may be restricted to a defined linearity range.

Maximum possible number of switching operations per second. Damping is done according to
EN 60947 -5-2 with standard targets on a rotating, non-conductive disc.

The area ratio of iron to non-conductor is 1:2. The rated value of the limit frequency (-3 dB limit)
is reached when the output signal has dropped to approx. 70% of the original signal level.

S
o

Speed with which changes to the active surface of a sensor are registered, processed and
outputted. Up to the specified measuring speed the distance to a linear moving object can be
reliably detected. The direction of movement of the object is parallel to the sensing face of the
sensor.

The temperature drift is the shift a point experiences on the actual output curve at different
temperatures. The temperature drift is described by the temperature coefficient.

Describes the deviation of the sensor output signal under the effect of a temperature change,
and thus represents a quality criterion for the sensor also.



Tolerance T

Repeat accuracy

Response time

Slope
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A variable which defines the manufacturing tolerance band of the output curve, thereby
determining the maximum sample deviation.

lg/Uga |
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Variance in the output values when approaching a mechanically prescribed position repeatedly
from the same direction.

The time which a sensor requires in order to reliably and steadily change the output signal. The
specified time, which was determined at the maximum measuring speed, includes both the elec-
trical response time of the sensor and the time for the mechanical change of the damping state.

The slope is a measure of the sensitivity of the sensor with respect to a distance change. This
physical relationship can be calculated for travel sensors as follows:

Slope S [V/mm] =

or

Slope S [MA/mm] =

Uz max —Uz; min
S, Max —S, Min

| max —l; min
Sz Max —s; min
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