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Good Vibrations — Shock- and vibration resistance of sensors
Technical bulletin

Sensors inindustrial environments are usually exposed to shock and vibration loads. To ensure that the
sensors can withstand such loads without damage, shock and vibration tests are carried out and values
suchas 150 g/11 ms and 30 g/10...2000 Hz are specified in the technical data. To explain these values, we
will first clarify the following question:

Whatis a shock?

A shockisa single short-time high impact load. Such a load occurs, forexample, when an object falling
from a table hits the floor. The more rigid the object and the floorare, the higherthe shock applied to the
object.Ifan object falls from a height of 75 cm onto a carpeted floorand is decelerated within 5 mm due
tothe carpet,the load onthe objectis 150 g. The load of a shock is given as a multiple of the acceleration
dueto gravity g (g = 9.81 m/s?). A car crashing at 137 km/h againstarigid walland whose crumple zone
is compressed by 50 cm will also get a load of 150 g. A human being cannot survive a load of 150 g
unharmed. For the human organism, loads of 15...20 g seem possible without danger.!

Whatis a shocktest?

Inshocktests, a test specimen is subjected to a certain shockand it is checked whetherthe test specimen
survives this shock without damage. In such a test, there are different types of shocks, which differin
terms of theirshape, such as half-sine, saw tooth and trapezoidal. The most commonly used shock type is
the half-sine shock. This type of shock simulates an impact that occurs during the acceleration and
deceleration of vibrating parts. In addition to the acceleration, a shock test also specifies the impulse
duration of the shock. Fig. 1 shows two half-sinusoidal shocks with the same acceleration and different
impulse durations.

"This applies whenthe accelerationacts perpendicularto the bodyaxis.
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Figure1: Curve of a half-sine shock with 150 g/6 msand 1509/11 ms

A sensorsuch as the R-Series V can withstand a shock load with an acceleration of 150 g at an impulse
duration of 11 ms (red continuous curvein Fig. 1) without damage. Sensors are also frequently tested
with a shock of 150 g/6 ms (blue dashed curvein Fig. 1). The difference between these two half-sine
shocks becomes clear when looking atthe area below the curves. This area represents the velocity at the
end of the acceleration pulse (integration of an acceleration gives the velo city). The area below the red

curve is largerby a factorlél—"'lnss = 1.83 compared to the area below the blue curve. If comparing the two
half-sine shocks with respectto the kinetic energy, the energy of the red curve is higherthan that of the

2
blue curve by a factorof (161;;5) = 1.83% = 3.36, because the velocity enters quadratically in the

energetic consideration .2

Whatis vibration?

A vibration, such as shaking a tree to harvest fruit, is an oscillation. As shown in Fig. 2, an oscillation is
described by its amplitude as well as its frequency. In the industrial environment, vibrations occur, for
example, on machines with rotating elements oron conveyorbelts. These vibrations are transmitted to
components mounted to the machine. Inavibration, the amplitude of the load is specified as acceleration
and the acceleration is specified as a multiple of the acceleration due to gravity g, as in the case of shock.
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Figure 2: Oscillation with amplitude and frequency

2Energy E = %mvz with mass m and velocity v

2]



Whatis a vibration test?

Invibration testing, a specified acceleration isapplied to atest specimen over a frequency band. The
acceleration is lower thanin the shock testand is, forexample, 30 g. For a load of 30 g, the object falls
from a height of 15 cm onto the carpet, which yields 5 mm. Or the car hits againstarigid wall with 62
km/h, whereby the crumple zone is compressed by 50 cm. This acceleration is applied to the test
specimenin frequencies of, forexample, 10...2000 Hz. This frequency range is roughly comparable to the
range of a piano from the lowest note to the highest note.?

Theload is tested in a frequency band, since a vibration can occurin practice at different frequencies.
Depending onthe frequency of the vibration, the test specimen reacts differently. Certain frequencies can
also set a test specimen into resonance vibration. Fig. 3 shows the measured position ofa
magnetostrictive sensorduring avibration of 30 g for the frequency spectrumof 10...2000 Hz. The
vibration causes the reference point and thus the measured position to fluctuate. Dependingon the
frequency,these position changes vary in magnitude. However, the sensoris not damaged by the
vibration. After the vibration has subsided, it continues to measure reliably.
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Figure 3: Position measured by a magnetostrictive sensor at a vibration of 30 g overa frequency of
10...2000Hz

Why are such tests performed?

Shocks and vibrations occurin industrial environments, whetherduring transport orwhen used in a
machine. However, these loads should not damage the sensors — just as when a tree is shaken, hopefully
only the fruit fallsand no branches. Shock and vibration tests simulate these loads in an industrial
environment so that weak points can be identified and remedied in advance. Sensors such as the R-Series
V are tested for shockand vibration as part of the development process to ensure that the sensors will
function properly when used in such conditions.

If shockand vibration are known at the point of use, sensors can be selected to meet these requirements.
If sensors are used that have high shock and vibration resistance, measures for damping can be

3 The frequency range of a piano with 88 keys is approximately 27...4000 Hz
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minimized or eliminated completely. Even in the event of unexpected shock and vibration loads, a sensor
such as the R-Series V provides certainty, since the sensorcan withstand the loads even in such cases
dueto itsshockand vibration resistance.

Author: Olaf Kissing, Product Manager Industrial Sensors
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