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Balluff BUS ultrasonic sensors can be used for reliable object detec-
tion or contactless distance measurement. To do this, they evaluate 
the echo, which is reflected by the object or the filling level that is to 
be measured, detected by the ultrasonic transducer and amplified 
in a downstream amplifier into a signal that can be evaluated. Thus, 
ultrasonic sensors can also detect smaller objects or contactlessly 
detect fill levels of bulk materials or paste-like or liquid media.
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Functional principle

Functional principle Ultrasound consists of acoustic waves greater than 20 kHz which, 
unlike electromagnetic waves, can only propagate in matter. If inci-
dent against a solid body, the sound is reflected. The sensors make 
use of this principle. The sensor receives the reflected sound waves 
as an echo, determines the distance and then converts this value 
into an output signal.

Industrial applications operate with high-frequency ultrasound in 
excess of approx. 80 kHz. At these high frequencies, bundled sound 
cones are created. Depending on the surface properties, shape 
and direction, these sound cones are reflected to varying degrees. 
Lower-frequency ultrasound, on the other hand, propagates spheri-
cally in all directions and is, therefore, not suitable for industrial 
applications.

The range in which the sensor can detect objects is limited by the 
smallest and largest operating range. This, as well as the size of the 
blind zone, is determined by the size of the transducer. In the blind 
zone, the ultrasonic sensor cannot detect any objects. The zone is 
the result of the duration of the transmitted pulse and the release 
time of the ultrasonic transducer.

Echo propagation  
time measurement 
An ultrasonic transducer emits a 
short wavetrain that propagates 
at the speed of sound of the 
surrounding medium. If incident 
against an object, part of the 
wave is reflected back to the 
sensor. This echo is detected 
and amplified by an amplifier into 
a signal that can be evaluated. 
From the echo propagation time 
and the speed of sound, the 
integrated controller calculates 
the difference.
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Usage criteria

Environmental influences

Nearly all objects (solid bodies, liquids, bulk materials) reflect sound 
and can, thus, be detected. Even sound-dampening materials,  
such as foam, can be detected at reduced operating ranges.  
In general, solid, liquid or powder media/objects can be detected.

With convex (cylindrical and spherical) surfaces, each surface 
element has a different angle to the beam axis. As a result, the  
reflected beam diverges and the portion that is reflected to the 
receiver is reduced accordingly. The maximum range decreases  
with decreasing cylinder (sphere) size.  

The roughness and surface structures of the object that is to 
be detected also play a role in determining the scanning properties 
of ultrasonic sensors. Surface structures that are larger than the 
ultrasonic wavelengths, as well as large-grain bulk materials, reflect 
ultrasonic waves diffusely and, under some circumstances, are not 
optimally detected by ultrasonic sensors. 

In ultrasonic applications, hard material  reflects nearly all of  
the pulse energy, making it ideal for detection with ultrasound.

Soft material, on the other hand, absorbs nearly all of the pulse  
energy. Thus, it is not as well detected by ultrasound.  
These materials include, e.g. felt, cotton, coarse fabrics, foams …

Thin-walled foils behave like soft materials. To use ultrasound,  
the foil should therefore be at least 0.01 mm thick.

Liquids can be detected with ultrasound. The beam axis must  
not deviate by more than 3° from vertical relative to the liquid sur-
face, however.

Hot target objects with high temperatures cause thermal convec-
tion of the surrounding air. Under certain circumstances, the axis of 
the sound cone may be deflected so strongly in the vertical direction 
that the echo can be received only poorly or even not at all.

Ultrasonic sensors are designed for use in atmospheric air. Environ-
mental influences, such as dust and smoke, do not affect their mea-
surement accuracy. Operation in other gases, e.g. carbon monoxide, 
may result in measurement errors, however, because the specific 
speed of sound is different and the ultrasound is dampened. Fluids 
that evaporate solvents may also affect the sensor function. 

Strong air movements and turbulence result in instabilities in 
the measurement, but, under normal conditions, can be neglected. 
This is because flow velocities of up to several m/s can be handled 
without problem, leaving the door open for outdoor applications. 

Precipitation, such as rain or snow of normal density, does  
not affect the function of the ultrasonic sensor and its output signal. 
The transducer surface should not become wet, however.

Object influences
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Installation notes

Mounting The ultrasonic sensors may be installed in any position, provided no 
deposits are permitted to collect on the acoustically active surface. 
The ultrasonic cone can be deflected through the use of reflectors, 
though at the expense of the maximum operating range.

If not installed properly, ultrasonic sensors may influence one another 
and cause faulty switching. To prevent this, minimum distances must 
be maintained. For some of the BUS sensors, this mutual interfer-
ence can be prevented through synchronization.

Row mounting
Row mounting ensures that 
proper sensor spacing is 
maintained. This can also be 
achieved by means of synchroni-
zation, however.

Opposite mounting
To prevent faulty switching from 
occurring, a minimum distance 
must be maintained. 

Deflection of the sensor is gener-
ally possible with hard, flat sur-
faces. BUS sensors should not 
be deflected more than twice, 
since deflection can result in a 
decrease in operating range.

The opening angle of the sound cone is approx. 8°. It corresponds 
to the maximum detection range at approximately the 3-dB limit. 
Objects of appropriate size, shape and surface properties can still 
be detected outside of this angle, however. The following figure 
shows the detection range of a flat, standard target (A) 100×100 mm 
oriented vertically relative to the direction of propagation of the 
ultrasound as well as the detection range of a round rod (B) with a 
diameter of 25 mm. Detection of the specified objects is ensured 
within these ranges. 

Minimum distance

Deflection

Detection range

Sensors without synchronization: 
0.7× maximum operating range

Sensors with synchronization:  
no restriction

4× maximum operating range

SYNC

Detection range – using the M12 ultrasonic sensor (BUS M12E0...) as an example.  
Within range (A), the BUS sensor detects the standard target. Within range (B), the BUS 
sensor detects the standard target and the round rod.

Detection range  
for standard target (A)

Detection range  
for round rod (B)
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Electrical

Switching output: N.O. contact The switching output of the  
sensor is not switched through  
in its deactivated state.

Output functions

Switching sensors 
for object detection

Analog-measuring sensors 
for distance measurement

DC 4-wire

DC 4-wire

DC 5-wire

DC 5-wire

PNP (+) sourcing

PNP (+) sourcing

Voltage output 0...10 V DC

Voltage output 0...10 V DC

Voltage output 0...10 V DC 
and PNP (+) sourcing

NPN (–) sinking

NPN (–) sinking

Current output 4...20 mA

Current output 4...20 mA

Current output 4...20 mA  
and NPN (–) sinking

Synchronization Some Balluff ultrasonic sensors can be synchronized. This has the 
advantage that adjacent sensors do not interfere with one another. 
Sensors are synchronized by connecting their sync lines together. 
Synchronized sensors start their transmit pulse at the same time. 
The slowest sensor determines the cycle time.

SYNC

The switching output of the  
sensor is switched through in  
its deactivated state.

Switching output: N.C. contact

N.O. contact: The switching 
output is implemented as an 
N.O. contact.

One voltage or current output 
(0...10 V DC or 4...20 mA) with 
fixed slope.

One voltage or current output 
(0...10 V or 4...20 mA) 
with variable slope.

2× programmable N.O./N.C. 
contacts: 2 switching outputs 
enable variants: N.C./N.O., 
N.O./N.O. or N.C./N.C.

One voltage or current output 
(0...10 V DC or 4...20 mA) with 
variable slope and two program-
mable and evaluable switch 
points (N.O./N.C.).

Programmable N.O./N.C. con-
tact: The switching output of the 
sensor can be implemented as 
either an N.C. or N.C. contact.

SYNC SYNC

Teach-in

Teach-in

0...10 V

0...10 V

0...10 V or 
4...20 mA

0...10 V or 
4...20 mA

Teach-in

Teach-in

Teach-in

4...20 mA

4...20 mA

Teach-in

SYNC SYNC
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Hysteresis H The hysteresis is the difference in distance between the switch-on 
point (for an object that is approaching) and the switch-off point (for 
an object that is receding). 

Resolution is the smallest change in distance that causes a modifica-
tion in the output value.

Sound cone opening

Standard target

Operating range/ 
measuring range

The sound cone opening is approx. 8°. This determines the 3-dB 
limit. Near the sound cone, objects can also be detected outside  
of these limits. The diameter of the ultrasound cone increases with 
increasing distance from the sensor. The energy density also drops 
off in proportion to distance. This applies equally to the reflected 
cone as it returns from the scanned object to the receiver.

The standard target (100×100 mm) is used to ascertain the rated 
values that are specified in the technical data.

Ultrasonic sensors use a transducer to transmit and receive the 
ultrasonic pulse. Because the transducer cannot, of course, simulta-
neously transmit and receive, there is a zone in front of the sensor in 
which the object position cannot be determined.

The area between two individual switch points is the working range 
of the sensor. 

The active surface of the ultrasonic sensor (transducer) consists of 
an epoxy-resin / hollow glass sphere mixture. It is the zone through 
which the ultrasound enters the air.

With minimum and maximum values, the operating range/measuring 
range specifies the range in which objects can be reliably detected 
or distances measured.  
Used as a reference here is the 100×100 mm standard target. The 
maximum operating range/maximum measuring range of the object 
that is to be detected is dependent on its reflective properties. These 
are determined by its size, material characteristics and surface struc-
ture. To ensure the maximum operating range/maximum measuring 
range, the object must be oriented at a right angle to the beam axis. 
The operating range/measuring range may be reduced if very small 
objects are to be detected.

Blind zone

Working range

Sensing face

Resolution

Switching distance

Hysteresis

Detection range The entire three-dimensional space in which objects can be detected 
or distances measured is the detection range. 
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Electrical

Polarity reversal protection

Switching frequency f

Ambient temperature Ta

Short-circuit protection and 
overload protection

Temperature drift

The sensor electronics are protected against possible polarity  
reversal or interchanging of the connection wires.

Due to the response times, switching frequencies vary in the Hz 
range. The switching frequency is inversely proportional to the dis-
tance of the target object.

The ambient temperature determines the temperature range in 
which the sensor may be operated. This generally lies between 
–15...+70 °C. All BUS sensors are equipped with temperature 
compensation.

All DC sensors feature this protection device. In the event of  
overload or short-circuit at the output, the output transistor  
is automatically switched off. As soon as the malfunction has  
been corrected, the output stage is reset to normal functioning.

Specifies the amount by which the switching distance can change 
as a function of the temperature.  The temperature coefficient has 
a value of 0.17 %/K. Thus, a change in temperature of DT = 10 °C 
results in a change in the speed of sound of approx. 1.7 % and a 
distortion of the switching threshold of approx. –1.7 %.  
For example, at a range of s = 1 m and a temperature change  
of DT = 20 °C, the change in distance is Ds = 3.4 cm.

Output current max. 

No-load supply current I0 max.

Response time

The maximum current with which the sensor may be loaded at its 
output in continuous operation.

The voltage range in which proper function of the sensor is ensured. 
It includes all voltage tolerances and ripple.

The intrinsic current consumption of the sensor at maximum  
supply voltage UB with no switched load. 

For dynamic object scanning (e.g. for numbers of objects), the  
response time is not negligible due to the relatively low speed of 
sound (340 m/s). Depending on sensor type and evaluation method, 
it lies in the range of 40...700 ms. For correct detection, the object 
must remain in the sound cone for a minimum period of time.  
The response time is delayed both during the entry phase as well  
as during the exit phase of the object.

Supply voltage UB

Function indicators Echo and output function are displayed via LEDs. The output func-
tion returns the state of the sensor. The yellow LED illuminates when 
the sensor switches (for N.O. contacts). The green LED illuminates 
as soon as an object is detected and the reflected echo is received. 
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Mounting torques

Size Material Tightening torque
M12×1 V2A 40 Nm
M18×1 PBT 1 Nm
M30×1.5 PBT 3 Nm

Housing materials Material Use and characteristics
Plastics
Epoxy resin -  
hollow glass spheres

Hollow glass spheres can be treated with epoxy resins.  
They are used to manufacture transducers with low density and 
high pressure resistance

PA
Polyamide

High impact resistance, good chemical resistance

PBT
Polybutylenterephtalat

High mechanical strength and temperature resistance.  
Good chemical resistance. Good oil resistance.

POM
Polyoxymethylene

High impact resistance, good mechanical strength. 
Good chemical resistance

PUR
Polyurethane

Elastic, abrasion-resistant, impact-resistant. Good resistance to 
oils, greases, solvents (used for gaskets and cable jackets)

Metal
V2A
Stainless steel

Excellent corrosion resistance and strength.
Quality , 1.4301: Standard material for the foods industry.

Insulation class

Enclosure rating

II [

The enclosure ratings IP 20,  
IP 40, IP 54, IP 64 up to IP 68  
are in accordance with  
IEC 60529.
Code letters IP (International 
Protection) designate protection 
against shock hazard, ingress of 
solid foreign bodies, and water, 
for electrical equipment.

EN 60947-5-2/IEC 60947-5-2

First digit:
2  Protection against penetra-

tion of solid bodies larger than 
12 mm, shielding from fingers 
and objects

4 Protection against penetration 
of solid bodies larger than  
1 mm, shielding from tools 
and wires

5  Protection against harm-
ful dust deposits, complete 
shock-hazard protection

6  Protection against penetration 
of dust, complete shock-
hazard protection

Second digit:
0 No special protection
4  Protection against water 

spraying from all directions 
against the piece of equip-
ment concerned

5 Protection against a water jet 
from a nozzle, directed from all 
directions against the piece of 
equipment concerned

7  Protection against water, 
when the piece of equip-
ment concerned (housing) 
is immersed in water under 
specified pressure and time 
conditions

To ensure that the sensors are not mechanically destroyed during 
installation, make sure that you comply with the following torque 
values.
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Quality

Quality management system 
in accordance with  
DIN EN ISO 9001:2008

Environmental management 
system in accordance with  
DIN EN ISO 14001:2005

Testing laboratory

Balluff products  
meet the EU directives

Approvals

Balluff is a member  
of ALPHA

Balluff companies
Balluff GmbH Germany
Balluff SIE Sensorik GmbH Germany
Balluff Elektronika Kft Hungary
Balluff Ltd. Great Britain
Balluff Automation s.r.l. Italy
Balluff Inc. USA
Balluff GmbH Austria
Balluff CZ, s.r.o Czech Republic
Balluff Hy-Tech AG Switzerland
Balluff Sensortechnik AG Switzerland
Balluff Controles Elétricos Ltda. Brazil 
Balluff de México S.A. de C.V. Mexico

Balluff companies
Balluff GmbH Germany
Balluff Elektronika Kft Hungary

The Balluff testing laboratory works in accordance with ISO/IEC 
17025 and is accredited by DATech for testing electromagnetic 
compatibility (EMC).

Products requiring labeling are subjected to a conformity evaluation 
process according to the EU directive and the product is labeled 
with the CE marking. Balluff products fall under the following EU 
directives:

Approvals are granted by national and international institutions. Their 
symbols affirm that our products meet the specifications of these 
institutions. "US Safety System" and "Canadian Standards Associa-
tion" under the auspices of Underwriters Laboratories Inc. (cUL).

ALPHA, an association for testing and certification of low-voltage 
devices, promotes the individual responsibility of the manufacturer 
of such devices by means of uniform test procedures according to 
current standards and thereby supports the attainment of such high 
product quality. Under certain prerequisites, ALPHA also grants na-
tionally recognized product certificates. Through ALPHA's member-
ship in LOVAG (Low Voltage Agreement Group), its certificates are 
also recognized in other European countries.

2004/108/EC EMC directive
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Adjustment

One switch point (1 SP)
The yellow LED is necessary for teaching-in a single switch point. To 
teach in the switch point, the teach-in input must be connected to 
GND until the yellow LED begins to flash rapidly (alternative: button 
or magnet). After approx. 8 sec., disconnect: the yellow LED begins 
to flash slowly; the sensor is now in teach mode. The switch point 
must be taught-in within 35 sec. For this purpose, move the object 
to the desired position. If the LED begins to flash, briefly reconnect 
the teach-in input to GND. The output is individually configured as an 
N.O. contact. If the sensor is to be configured as an N.C. contact, 
the teach-in input is then connected to GND at a moment when the 
LED is not flashing.

Adjustment of Balluff BUS ultrasonic sensors
BUS sensors can be adjusted in a variety of ways:
– with a potentiometer
– via a remote cable
– at the touch of a button or
– by means of a magnet
Custom and fast adjustment is comfortably supported by means  
of LEDs. The yellow LED, for example, displays the switching state. 
And the green LED on some sensors is used to aid in positioning,  
as it shows the received echo.

Two switch points (2 SP)
If two switch points are to be programmed, the first switch point is 
taught as described under 1 SP. The procedure for adjusting the 
second switch point corresponds to that used to adjust the first.  
The difference is that the teach-in input must first be connected to 
GND for approx. 16 sec.

Hysteresis function – 
same switching  
characteristic

The switching characteristic 
of SP 1 determines SP 2. For 
example, if SP 1 is programmed 
as an N.C. contact, SP 2 can 
likewise only be taught as an 
N.C. contact. And vice versa.

Window function –  
opposite switching 
characteristic

If SP 1 is programmed as an 
N.C. contact, SP 2 must be 
taught as an N.O. contact. And 
vice versa. Thus, the switching 
output between both points is 
either active or inactive.

Range

Range

Range Range

Output

Output

Output Output

Legend
 = yellow LED on

 = yellow LED off

Object detection

Balluff BUS ultrasonic sensors for object detection are available  
with one or two switch points.

Switch  
point 1

Switch  
point 1

Switch-on  
point

Switch  
point 1

Switch  
point 2

Switch-off  
point

Switch  
point 2

Switching output 1

Switching output 1

Switching output 2

Hysteresis
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Adjustment

Balluff BUS ultrasonic sensors for analog distance measurement are 
available with fixed slope, variable slope or variable slope with two 
evaluable switch points. In addition to the yellow LED, some sensors 
are also equipped with green LEDs, which serve as positioning aids.

Fixed slope
The maximum range of the sensor has a fixed slope that  
cannot be changed.

Variable slope
The working range of the analog characteristic is defined with  
P 1 and P 2. P 1 determines the position at which the characteristic 
takes the value 0 V DC or 4 mA, P 2 determines the position of  
10 V DC or 20 mA. 
Positive characteristic: P 1 < P 2 (see graphic)
Negative characteristic: P 1 > P 2 (see graphic)

The adjustment of P 1 corresponds to that of SP 1. Accordingly, the ad-
justment of P 2 corresponds to that of SP 2 (see object detection SP 2).

Variable slope with two evaluable switch points
Here, P 1 and P 2 also define the position of both switch points.  
The adjustment of P 1 corresponds to that of SP 1. Accordingly,  
the adjustment of P 2 corresponds to that of SP 2 (see object  
detection SP 2).

Analog distance measurement

Switch  
point 1

Switch  
point 1

Switch  
point 2

Switch  
point 2

Positive characteristic
Negative characteristic

Positive characteristic
Negative characteristic

Switching  
output 1

Switching  
output 1

Switching  
output 2

Switching  
output 2
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