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Fig. 7.1 (below): The Scanning Probe. This probe is specially designed for very near field 
measurements.  
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7.1 Summary 

Close to a rigid object, Microflown acoustical particle velocity sensors 
can be used for the non contact measurement of the normal 
component of the structural velocity. 

High level background noise does not influence the measurement 
because particle velocity of a reflecting sound wave is zero. 

The normal acoustic particle velocity is a measure for the normal 
surface velocity at closer than distances L/2 (where L is the size of the 
vibrating flat object). 

Microflown sensors are a viable alternative to both laservibrometers 
and accelerometers.  

With an array of Microflowns in-stationary sources (e.g. run up of an 
engine) can be measured. 

High surface temperatures do not influence the measurement. 

7.2 Introduction 

Traditionally the vibration of structures is measured with a laser 
vibrometer or an accelerometer.  

A Laser vibrometer is a rather large and expensive tool but has the 
advantage that the vibration can be measured in a non contact manner. An 
accelerometer is small and relatively low cost but it has to be attached to 
the vibrating surface. This is sometimes problematic because due to the 
attached accelerometer the structure changes, it is time consuming to place 
the devices and it is laborious to measure at a lot of different locations. 

Close to an object (in the so called very near field) Microflowns can be 
used for the non contact measurement of the normal component of the 
structural velocity. In this chapter some theory is presented and various 
measurements show the principle of the very near field measurement. 

7.3 Theory 

Parts of this paragraph are copied from [1], [3] and [5] (see also chapter 
2: ‘acoustics’).  

A sound wave of frequency f can be described by the acoustic potential 
ϕ(r) obeying the Helmholtz equation:  

02 =+∆ ϕϕ k   (7.1) 

Here ∆ is the Laplace operator, k=2π/λ=2πf/c is the wave number, λ is 
the wavelength. To describe the sound field of a vibrating surface, equation 
(7.1) should be solved with the boundary conditions: 
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where ∂/∂n is the derivative normal to the surface, vn is the normal 
component of the velocity. The observable acoustic values, sound pressure 
p and particle velocity v, are connected with the potential in the following 
way:  

ωρϕϕ ipgradv −== ,  (7.3) 

where ρ is the density of the medium (air). It is shown that the sound 
field at a normal distance rn from the surface some lateral length scale L is 
called the very near field if the following two conditions are met: 

(I) (II)
2

n

L c
r L

f
λ

π
<< << =  (7.4) 

In where λ is the wavelength of the sound wave in air, f is the frequency 
and c the speed of sound in air. In the very near field the acoustic particle 
velocity and the structural velocity are linear related and that the 
underestimation of the structural velocity measured by the acoustic particle 
velocity is less than 3dB. 

Measurements show that condition (I) of (7.4) is not very strict, the 
surface velocity profile can still be determined at a distance of L/2. 

Suppose that the vibrating surface can be considered as flat on some 
lateral length scale L. One can choose the x-y plane on the surface then the 
z direction will coincide with the normal to the surface. In the direct vicinity 
of the surface the potential can be expanded in the power series in z: 

( ) ( ) ( ) ( )2

0 1
, , , ,x y z x y x y z O zϕ ϕ ϕ≈ + +  (7.5) 

The functions ϕ0,1 are connected with the velocities on the surface. From 
the boundary condition (7.2) it follows that: 

( )1 , ( , ,0)z zx y v x y vϕ = ≡  (7.6) 

It means that measured particle very close the surface coincides with the 
surface velocity, this was already shown in [1]. 

At a place where the vibration is maximal, the sound pressure near the 
surface is also maximal, see the measurements below. The potential and 
the sound pressure are linear related and therefore the potential is also 
maximal at a place where the vibration is maximal. At a maximum potential 
the derivatives in x and y are zero. The lateral velocities vx and vy are equal 
to the derivatives in x and y therefore zero at a maximum surface velocity. 
This is also observed in the measurements below. 
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7.4 Simulations and Measurements 

As an illustration a finite element simulation of sound pressure, particle 
velocity and lateral particle velocity field in front of a flexible plate mounted 
in a rigid box, see Fig. 7.2. The plate is vibrating in the 3-1 mode. 

 

FFlleexxiibbllee  
 

RRiiggiidd  
 

    

Fig. 7.2: A flexible plate mounted on a rigid box. 

As can be seen in Fig. 7.3, the lateral velocity is zero at positions where 
the normal velocity is maximal and vice versa. The particle velocity field 
represents the structural velocity at a larger distance than the pressure field 
does. The phase shift of the normal velocity close to the plate and the 
structural velocity is zero, the phase shift of the sound pressure close at the 
plate and the vibrating plate itself is 90 degrees (this is not shown in the 
simulation results). 

 

Fig. 7.3: Upper: the simulated sound pressure, middle simulated normal particle velocity 
and lower the simulated lateral particle velocity distribution of a flexible plate that is 
resonating in the 3-1 mode. 

In Fig. 7.4 measurements results are shown of a flexible plate mounted 
on a 20cm×30cm rigid box, driven by a loudspeaker inside the box (see Fig. 
7.2). The acoustic signal in the box results in plate resonances (#1) 310Hz; 
(#2) 520Hz; (#3) 700Hz, (#4) 740Hz, (#5) 860Hz, (#6) 900Hz, (#7) 
1140Hz, (#12) 1100Hz. The structural velocity is measured with a laser, the 
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pressure and velocity components are measured at 3cm in front of the 
plate. 

The 3-1 mode that is simulated above is shown in the measurements as 
number 5, see Fig. 7.4. The typical size L of the sources in this mode is in 
the order 7cm. The frequency is 860Hz so the one part of the very near field 
condition as expressed in Eq. 7.4 is met: L<<c/f. The other part of Eq. 7.4 
dictates that rn<<L/2π≈1.1cm. This condition is not met since the 
measurement distance is rn=3cm.  
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Fig. 7.4: The surface velocity measured with a laservibrometer; the sound pressure 
measured at 3cm distance from the surface; the normal acoustic particle velocity 
measured at 3cm distance from the surface; lower graph: lateral velocity measured at 
3cm distance from the surface. 

Fig. 7.4 shows that although the measurement distance is larger than the 
very near field condition specifies, even at 3cm from the plate the modes 
can be found with a Microflown that is measuring in the normal direction. 

The lateral velocity is zero at positions where the normal velocity is 
maximal and vice versa. With the lateral velocity distribution, the position of 
the maximums of the normal (and surface) velocity can be found exactly. At 
3cm (so out of the very near field), the lateral velocity distribution is still a 
good representation of the structural velocity. 

The sound pressure distribution at 3cm from the vibrating plate is not 
always a good representation of the vibration. In mode 5 and mode 8 the 
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sound pressure distribution in the measurement grid and the surface 
velocity are not related. 

Close to an object (in the so called very near field), (an array of) 
Microflown acoustical particle velocity sensors can be used for the non 
contact measurement of the normal component of the structural velocity. 

Microflown sensors are a viable alternative to both laservibrometers and 
mini-accelerometers. For instance non contact multi channel measurements 
on (in) stationary sources become feasible, as well as the non contact 
measurement of airborne sound. 

7.5 A comparison with a laser vibrometer and an 
accelerometer 

In the very near field the acoustic particle velocity and the structural 
velocity are linear related and that the underestimation of the structural 
velocity measured by the acoustic particle velocity is less than 3dB. 
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Fig. 7.5: Response of a vibrating plate in free conditions measured with a Polytec 
vibrometer (black line), B&K Accelerometer (blue line) and the USP Microflown sensor 
(red line). Right Sensor positions on a vibrating plate in free conditions. (Source: ONERA, 
French Aeronautics and Space Research Centre). 

The data that is obtained from the Microflown is post processed in the 
following way. The sensitivity of the Microflown sensor is given by: 

2 22
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With LFS is the sensitivity at 250Hz (31.2V/m/s), fe = 119Hz, fd = 1kHz 
and fhc = 17kHz. Therefore the Microflown output is multiplied by: 
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Very near field correction 

The Microflown is measuring in the very near field. At zero distance the 
surface velocity and the acoustic particle velocity coincide. If the distance 
sensor – plate is not zero the acoustic particle velocity will decay in a linear 
manner in the very near field (if the measurement distance is closer than 6 
times the size of the source). The acoustic particle velocity decay will be 
less than 3dB. Here the measurement distance is in the order of 5mm. A 
best guess of the underestimation of the structural vibration is 1.5dB. 

Therefore to correct for the not infinite small measurement distance the 
frequency corrected response of the Microflown is lifted 1.5dB. The 
measurement results are shown in Fig. 7.5, Fig. 7.6 and Fig. 7.7. 

 

 

 

Fig. 7.6: Response of a vibrating plate mounted in a rigid box measured with a Polytec 
vibrometer (red line) and the Microflown Scanning probe (blue line). (Source: University 
of Twente [4]. 

0 100 200 300 400 500
-50

-40

-30

-20

-10

0

Body Point Acceleration - Point 212

 Accelerometer

 Scanning Probe Microflown

A
cc

e
le

ra
tio

n
 [d

B
]

Frequency [Hz]  

Fig. 7.7: Chassis Body Point Acceleration Measurement setup at Rieter Automotive with a 
Scanning Probe Microflown. 
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Fig. 7.8: Measurement setup at BMW. A clamped plate measured with a Laser (left picture 
above) and a Microflown (right picture). 

 

Fig. 7.9: Measurement result of a comparison of a scanning Microflown at 1mm versus a 
laser vibrometer. The vibrating structure is a 30cmx30cm, 0.8mm steel plate driven by a 
shaker (courtesy BMW). 



Vibration measurement 

 7-9 

At TNO (the Netherlands) the Microflown was put close to an 
accelerometer (B&K 4513-001) that was mounted on a mini shaker (B&K 
4810), see Fig. 7.10. The transfer function of the Microflown with the 
accelerometer as reference is shown in Fig. 7.11. The accelerometer 
(S=10mV/m/s2) signal is converted to a velocity signal. The graph 
represents dBV per m/s. 

  

Fig. 7.10: Measurement at TNO the Netherlands. To measure the transfer function a 
Scanning Probe Microflown is positioned close to an accelerometer on a shaker. 

10
0

10
1

10
2

10
3

10
4

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20
Amplitude correction scanning probe

Frequency (Hz)

A
m

p
lit

u
d
e
 [

d
B

]

10
0

10
1

10
2

10
3

10
4

-200

-150

-100

-50

0

50

100

150

200
Phase correction scanning probe

Frequency (Hz)

P
h

a
s
e
 [

d
e
g
]

 

Fig. 7.11: Amplitude and phase response of the measurement that is depicted in Fig. 
7.10. 

For an experiment the differences between velocity and acceleration 
signal of a vibrating shaker had to be found. The measurement is done with 
a 45degree scanning probe on 1.5mm distance of the accelerometer which 
is excited by the shaker (chirp). The accelerometer and it’s signal 
conditioner are from B&K. 

As can be seen in the screenshot the velocity signal is corrected with its 
calibration data to achieve comparable results. After multiplying the velocity 
signal with the frequency, almost two identical signals are obtained. The 
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spectrogram of velocity as well as acceleration are also shown. Applied 
excitation on shaker was a chirp (20-1500Hz). 

  

Fig. 7.12: Close up of the position of the Microflown scanning probe and measurement 
setup. 

 

Fig. 7.13: (left) Matlab based software to visualise the two different signals, (right) PSD 
of velocity (blue) vs. acceleration (red). 

7.6 Calibration of a Microflown with an accelerometer 
and a shaker 

Different methods are available to calibrate a Microflown probe (particle 
velocity sensor), like the standing wave tube and ‘piston-on-a-sphere’-
calibration.  

Probes can also be calibrated with the use of a shaker and accelerometer. 
The surface velocity is accurately measured accelerometer and integrated to 
velocity. The Microflown probe is positioned just above a surface which 
undergoes the measured acceleration. 

This principle is based on the ‘very near field’ of a vibrating surface: 
(very) close to a surface, the air particles move with a similar velocity as 
the surface. 

To make sure one is measuring in the very near field of a surface, one 
rule of thumb to be used is the one stated in paragraph 7.3. The typical size 
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of the surface has to be 6 times larger than the distance measured at, to 
make sure the (linear) decay of particle velocity as function of distance is 
within 3dB. ‘The distance measured at’ is the distance between the probe’s 
element and the surface, which unfortunately cannot be infinitesimally 
small. 

Another restriction (that is usually not very strict) is that the wavelength 
in air must be much larger than the typical size of the vibrating structure.  

As can be seen in Fig. 7.14 the method is not valid with increasing 
frequency (lets say higher than 3kHz). For 6kHz the corresponding 
wavelength is 0.057 meter, the size of the shaker’s surface is 0.050 by 
0.055 meter.  
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Fig. 7.14: Appearance of standing waves above shaker for 3kHz and up, large drop of 
proper results above 6kHz. The wavelength is now the order of the shaker’s typical size. 

To avoid modes at low frequencies in the measurement setup, one has to 
measure with both the accelerometer and the particle velocity sensor a 
minimum distance out of the center of the shaker as possible (since the 
shaking rod of the shaker is at it’s center). In Fig. 7.15 is shown what the 
measurement setup used in this experiment is like. 

The typical size of the structure is 5cm so the the upper frequency where 
the method can be used is much lower than 6kHz. (Because of the second 
restriction of the very near field where the wavelength in air must be much 
larger than typical size of the structure). 

The measured velocity signal goes via a regular Microflown Signal 
Conditioner (High Gain, Uncorrected Mode) to a data acquisition system 
(Siglab), the measured acceleration of the structure is preamplified by a 
Bruel&Kjaer Vibration Pick-up Preamplifier Type 2625. 

After postprocessing the measured data, a comparison with the standard 
calibration technique (piston on a sphere calibration) can be made.  
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Fig. 7.15: Measurement setup with vibrating surface (65mmx65mm) on a shaker, 
Microflown PU-regular and B&K DeltaTron 4514-001 Accelerometer. (The PU probe is not 
touching the surface. 

The figures below show difference between the calibration with a shaker 
and with a sphere. As can be seen, even up to 2kHz the error between 
measured response and the sphere calibration remains within 2dB.  

The measured response is corrected for the near field though. At the 
edge of the very near field particle velocity has decreased 3dB compared to 
the level on the surface of the vibrating surface. Since the typical length of 
the [plate on this shaker is 0.05m, the edge of the very near field is at one 
sixth of this from the surface: 8mm. When using a PU-regular probe, 
because of package the element cannot be placed much closer than 8mm, 
so the full 3dB near field correction can be applied in order to correct for the 
distance’s decay. 
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Fig. 7.16: Sensitivity response and model of PU-regular calibration: shaker measurement (blue) and 
sphere-calibrated-mode l(green). Fig.1.3b. Difference in approximation between both calibration 
methods (blue). 

The model’s parameters are fitted on data measured from a sphere-
calibration, but this also reasonably fits the data measured with a shaker 
calibration. Up to one 1kHz the error between model and measurement is 
within 5 degrees. Though measured at the edge of the very near field, the 
particle velocity is still in phase with the vibrating surface, so no near field 
correction has to be done here.  
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Fig. 7.17: Phase response of PU-regular calibration: shaker measurement (blue) and 
sphere-calibrated-model (green). Fig.1.4b. Difference in phase approximation between 
both calibration methods (blue). 

Measurement of a metal beam 

In this experiment the response of an accelerometer and a Scanning 
Microflown is compared at the end of a 20cmx5cm metal strip, see Fig. 
7.18. The aim of the exercise is to find out how the method holds up with a 
signal of high dynamic range. 

A small accelerometer is mounted below the metal strip at the end of the 
beam and the Microflown sensor is positioned at the same position above 
the strip. 

 

Fig. 7.18: a shaker (with a reference accelerometer) is driving a metal strip and the 
vibrations are measured with a small accelerometer and a Scanning Microflown. 

First the scanning probe is calibrated with the sphere calibrator (both 
high and low frequency calibration). Then the transfer function of the 
accelerometer at the end of the strip to the reference accelerometer at the 
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shaker is measured and the transfer function of the scanning probe to the 
reference accelerometer. A very near field correction of 1dB is used. The 
graphs are shown below. 
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Fig. 7.19: Signals of a scanning probe and an accelerometer with as reference an 
accelerometer at the shaker. 

The transfer function between the scanning probe to the accelerometer 
at the end of the strip is shown below. 
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Fig. 7.20: Transfer function of scanning probe with as reference the accelerometer at the 
end of the strip. Left the difference in dB, right the difference in degrees. 

The deviation between the measurements is reasonable. The acoustic 
calibration is valid from 20Hz and the deviation in dB is in the order of 3dB 
in a bandwidth of 20Hz-1.5kHz. The phase shift between the acoustic 
measurement and the accelerometer is within 15 degrees.  

A larger deviation is found around 450Hz and this is caused by a very low 
signal (-60dB) measured at both the scanning probe and the accelerometer. 
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7.7 Relation between measured lateral velocity and 
lateral vibrations 

The normal acoustic particle velocity is caused by the (normal) surface 
velocity. To verify that the measured lateral acoustic particle velocity is only 
caused by the normal surface velocity (and not by a lateral velocity), the 
following experiment is done. 
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Fig. 7.21: Measurement set up. 

A solid structure is mounted on a shaker and moved as shown in Fig. 
7.21. Microflown 1 is measuring the normal surface velocity in the very near 
field of the structure and Microflown 2 measures at several distances the 
lateral velocity at the side of the shaking solid. 

As can be seen in Fig. 7.22, at lower frequencies the lateral velocity is 
measured at very close distances. However at frequencies higher than 20Hz 
and distances larger than 2mm, no relation between the lateral movement 
of the solid and the lateral acoustic particle velocity is observed. (The 
horizontal part of the measurements is likely to be caused by the airborne 
sound of the shaker). 

For distances larger than 2mm and frequencies higher than 20Hz, the 
measured lateral acoustic particle velocity is only caused by the normal 
surface velocity. 
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Fig. 7.22: Measurement of the lateral velocity caused by a lateral movement of a solid. 

7.8 Some illustrative very near field measurements  

The Microflown is sensitive for particle velocity, which is related to 
movement of air. The Scanning Probe has a single Microflown element and 
is mainly used to measure particle velocity close to a vibrating surface. So, 
it can measure the vibrations of a surface without making physical contact. 
This makes it an alternative for a laser vibrometer. The aim of this 
paragraph is to present a number of measurements that clarifies the 
Scanning Probe capabilities. 

1. The first measurement shows that when a Microflown is moved with a 
certain velocity through still standing air it produces the same output 
as when a Microflown is fixed and the air moves with the same 
velocity. 

2. The Microflown measures structural velocity when it is positioned close 
to a vibrating surface (in the very near field). This experiment shows 
that the diameter of the surface must be 6 times larger than the 
measurement distance. In practice this means that the diameter of the 
surface must be in the order of 6mm if measurement distance is used 
of 1mm. 

3. In some applications the vibrating surface is hot. This experiment 
shows that the temperature of the vibrating surface can be increased 
up to 200 degrees Celsius without any problem. The sensitivity of the 
Scanning Probe does not change with temperature. 

4. The last experiment shows that the Microflown is relatively insensible 
to the influence of uncorrelated acoustic noise sources when it 
measures the vibrations close to a surface. 

Measurement set up 

A solid material of 40mm×40mm is mounted on an exciter (type PM-50 
including amplifier model 2250MB, from MB Electronics). On this solid a 
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Microflown can be mounted so that a Scanning Probe moves through still 
standing air in its sensitive orientation, see Fig. 7.23. Apart from the 
Microflown also an optical displacement sensor is fixed, type Emscope 440, 
from Emneg. This sensor is used as a reference. The reference signal is 
place as function of time and this signal has to be differentiated (over time) 
to get a velocity signal. The set up is excited with a white noise signal with 
a bandwidth of 5Hz to 500Hz. 

Moving air versus moving Microflown 

First the Microflown is moved through still standing air. For this, it is put 
in the set up as shown in Fig. 7.23.  

  

Fig. 7.23: Left: a Microflown is fixed on a shaker to move it though air. Left to the fixture 
an optical displacement sensor is placed that is used as a reference. Right: the shaker is 
used as source for the Microflown in the very near field. 

After this the Microflown was taken out of its fixture and positioned 3 
millimetres from the vibrating piston of the shaker, Fig. 7.23. In that case 
the shaker acts as a sound source and the Microflown is in the very near 
field of that source. In this case the surface velocity of the shaker and the 
particle velocity coincide. 

The results of these measurements are depicted in Fig. 7.24 and Fig. 
7.25. The response of the Microflown moved through still standing air is 
nearly identical as when sound waves caused by the vibrating surface 
passes a Microflown. 
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Fig. 7.24: Amplitude response compared to an optical displacement sensor when moving 
air passed the scanning probe (grey line) and when the probe can vibrate through still 
standing air (black line). 

  

Fig. 7.25: Phase response compared to an optical displacement sensor when moving air 
passed the scanning probe (grey line) and when the probe can vibrate through still 
standing air (black line). The 250Hz resonance is caused by movements of the 
measurement table. 

Particle velocity pattern over the piston (edge effects) 

To determine the points on the piston where the measurements are 
valid, a grid is drawn (each square is 4 x 4mm) and several points are 
measured, Fig. 7.26. 

All points measured at a distance of 3mm from the piston and are 
compared to a reference point in the centre. The average deviation of the 
particle velocity compared to the centre of the piston is less than 1dB within 
a radius of 16mm from the centre of the 40 x 40mm wide piston. This 
means the distance to the edge of the piston is 4mm, the diameter of the 
surface must be (4mm×2)/3mm≈ 3 times larger than the measurement 
distance. As a safety margin a rule of thumb is that the structural size of 
the surface must be 6 times as large as the measurement distance. 
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Fig. 7.26: Several points are measured on the path indicated by the two arrows at a 
distance of 3mm from the surface of the piston. 

 

Fig. 7.27: Amplitude response compared to an optical displacement sensor when the 
Microflown is positioned 3mm above the centre of the piston (grey line) and 16mm from 
the centre (black line). 

 

Fig. 7.28: Phase response compared to an optical displacement sensor when the 
Microflown is positioned 3mm above the center of the piston (grey line) and 16mm from 
the center (black line). 
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Temperature dependency 

In this experiment the Microflown is positioned close to a hot plate, which 
is mounted on the shaker as shown in Fig. 7.29. The Microflown can 
measure without significant disturbance up to 200 degrees Celsius, Fig. 
7.30. 

 

Fig. 7.29: The Microflown is positioned 3 millimetres from a vibration hot plate. 

 

Fig. 7.30: Amplitude response of the Microflown compared to an optical displacement 
sensor at 50 degrees Celsius (black line), and 200 degrees Celsius (grey line). 

Influence of background noise 

To determine whether the Microflown Scanning probe measurement is 
influenced by background noise, a loudspeaker is positioned above the 
vibrating surface as is illustrated in Fig. 7.31.  

The shaker vibrates harmonically at 1kHz with an amplitude of 0.1mm/s. 
This is shown in Fig. 7.32 grey line. After this a loudspeaker was turned on 
that generated a (approximately) white noise with a sound level of 90dB(A). 
The result is shown in Fig. 7.32 black line. 
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Fig. 7.31: The Microflown (right) measures the vibration of the shaker wile it is influenced 
by the uncorrelated sound of a loudspeaker (top left). A half inch pressure microphone is 
used to determine the sound pressure level. 

Conclusion is that the measurements on vibrating shaker are not 
significantly influenced by the uncorrelated noise source, even at a sound 
pressure level of 90dB(A). This is because the sound of the background 
noise is reflecting on the surface. When a sound wave reflects, the sound 
pressure doubles and the particle velocity decreases to zero. Because the 
Microflown is measuring particle velocity and because it is positioned very 
close to the vibrating surface, it is not sensitive for sound that is reflecting 
on the surface, only for the vibration of the surface itself.  

 

Fig. 7.32: The response of the Microflown when the shaker is powered by with one single 
frequency of 1kHz with 50dB(A) background noise (grey line), response with 90dB(A) 
background noise (black line). 

The background noise reduction effect is also used in end of line testing, 
see chapter 17: ‘End of line control: Gears & Motors’ and below: ‘A 
protective, noise cancelling package’. 

A protective, noise cancelling package 

The scanning probe is commonly used to measure surface vibration. 
Although the background noise is rejected, sometimes the rejection is not 
sufficient. A package is developed that consists of damping foam and is 
covered with a lead jacket, see Fig. 7.33. An elastic foam layer is put on top 
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of the sensor in the sensitive direction. This layer should be gently pushed 
to the vibrating surface. This ensures an optimal scanning distance and a 
good background noise rejection. 

A first measurement is done without any background noise with a 
pressure microphone, an accelerometer and an unpackaged Scanning 
Microflown close to a 1.1kHz vibrating surface. The setup is shown below, 
see Fig. 7.34 left. 

The result of the measurements (of Fig. 7.34 left) is shown below. The 
left picture shows the three signals without background noise, the right 
picture shows the signals with background noise. As can be seen: the 
acoustic sensors are affected by the background noise. The pressure signal 
is so affected that the signal is not seen anymore. 

 

Fig. 7.33: A protective package for the 90DEG scanning probe for an additional 
cancellation of the background noise.  

  

Fig. 7.34 left: measurement set up measuring a vibrating plate with an accelerometer, a 
pressure microphone and a Scanning Probe Microflown (without package). Right, the 
similar set up but now with the Scanning Probe Microflown packaged. 
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The experiment is repeated with a protective cap, see Fig. 7.34 right. 
First a measurement without background noise, then a measurement with 
background noise. The probe is pushed on the surface with its own weight. 
The vibration signal (measured with the accelerometer) is not changed due 
to that. 

100 1k

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

 accelero

 pressure

 velocity

O
u
tp

u
t d

B
V

Frequency [Hz]
100 1k

-110

-100

-90

-80

-70

-60

-50

-40

-30

 accelero

 pressure

 velocity

O
u
tp

u
t d

B
V

Frequency [Hz]  

Fig. 7.35 left: result of the measurements. Left the three different methods without 
background noise, right with background noise. 
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Fig. 7.36: left: result of the measurements with the noise cancelling package. Left the 
three different methods without background noise, right with background noise. 

7.9 The sound field of a 19cm piston [5] 

Parts from the following text are from [1] and [5]. The concept of “Very 
Near field, VNF” was introduced by de Bree and investigated by Raangs [5]. 
The idea is that in a region, very near to the sound source, the particle 
velocity in a direction perpendicular to the surface of the source is equal to 
the normal velocity of the vibrating structure. Thus by using a Microflown 
sensor, positioned near the source the vibration amplitude of the source can 
be determined. Until now for contactless measurements a relative 
(complicated and) expensive laser vibrometer is used for measuring the 
vibration amplitude of the structure. 

In this section, experiments are reported using a Microflown sensor near 
the vibrating structure. These experiments are presented at the Eleventh 
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International Congress on Sound and Vibration, see below. The idea was 
later extended and presented at the Noise & Vibration Conference 2005 [3]. 
In this introduction to these papers two simple cases, for which analytical 
expressions have been published, are worked out: a spherical balloon and a 
flat piston in an infinite baffle. 

Spherical source 

The model is a spherical symmetrical balloon, which radiates spherical 
waves; the radius of the balloon is taken as r=a. The source is considered 
to be centered at the origin and to have complete spherical symmetry 
insofar as the excitation of sound is considered. For r>a the solutions of the 
wave equation can be written as: 

ikrA
p e

r

−=  (7.9) 
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For r=a the particle velocity ux,axis(r=a)=un, the latter being the normal 
velocity of the balloon. In Fig. 7.37 the value of the modulus of the complex 
ux,axis(r), equation (5.7), normalized to un, as a function of the distance r, 
for the case that a = 0.001m, is shown. 

In Fig. 7.37 the x-axis represents the distance from the centre of the 
vibrating balloon. In case the equations are plotted using the distance from 
the surface instead of the distance from the centre, the results alters. See 
Fig. 7.39. 

 

Fig. 7.37: Normalized particle velocity versus distance for a small spherical sound source 
(radius 1 mm, frequency 343 Hz). 

Fig. 7.38: Normalized particle velocity versus distance for different radii for a spherical 
source at frequency 343Hz. 

Fig. 7.39 (left) shows the same scales as used in Fig. 7.37. In Fig. 7.39 
(right) a double log scale has been applied. In the Fig. 7.39 (right) the 
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behaviour is more obvious, a 1/r dependency in the far field, 1/r2 in the 
near field, and a linear dependency in the very near field towards the 
surface. 

In Fig. 7.38: the modulus of the complex ux,axis(x) is plotted as a function 
of the distance from the surface for four radii of the balloon: a=1m, 0.1m, 
0.01m and 0.001m. 

 

Fig. 7.39: Normalized particle velocity versus distance from the surface for a small 
spherical sound source (radius 1 mm, frequency 343 Hz). Left: lin-log scale, right: log-log 
scale. 

Piston in infinite baffle 

A 19cm circular aluminium plate was glued on a bass loudspeaker so that 
a piston type of sound source is realized. The sound field (sound pressure 
and particle velocity) in front of this piston is simulated and measured as a 
function of the distance at several frequencies. A half inch pu probe (Io 
Microflown element) was used to measure the sound pressure and the 
particle velocity, see Fig. 7.40.  

 

Fig. 7.40: Measurement setup: a loudspeaker with an aluminum plate glued on 
and the pu probe on a traverse robot. 
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The levels of sound pressure and particle velocity for a plane circular 
piston in an infinite baffle along the axial distance are given by [2]: 
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In Fig. 7.41 the modulus of the complex ur is plotted as a function of the 
distance to the piston for a=1m, 0.1m, 0.01m and 0.001m and a frequency 
343Hz; xaxis is normalized with respect to un.  

 

Fig. 7.41: Normalized particle velocity versus distance for different radii. 

Fig. 7.42: Normalized particle velocity versus distance for different frequencies. 

This figure shows that indeed for a distance r< a/10 the particle velocity 
becomes about equal to the normal velocity of the piston. Therefore, it 
seems interesting to write equation (7.11) for the case that r<<a. Simple 
algebra gives as a result: 

* 2
1 cos( )axis axis

r
u u kr

a
⋅ = −  (7.12) 

with u*
axis the complex conjugate of uaxis. 

In Fig. 7.42 the modulus of the complex Ux,axis , as calculated from 
equation (7.11), is plotted as a function of the distance x, for three 
frequencies, f=343Hz, 343*1.25=429Hz, 343*1.5=514.5Hz, and 
343*2=686Hz; f=343Hz and a=1 corresponds to ka=2π. 

Fig. 7.41 and Fig. 7.42 show that in a region where the distance to the 
surface of the source is smaller than about a/10 (a is the radius balloon or 
radius piston) the particle velocity is about equal to the value at the surface 
of the source.  

So when the radius of the source is not too small, e.g. >= 0.01m, the 
method to measure with a Microflown in this region the particle velocity, is a 
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simple method to obtain the normal velocity of the vibrating structure. 
When, however, the radius becomes quite small, (smaller than 1mm) the 
VNF region becomes to small to position there a particle velocity sensor. 

A simulation of a sound field in front of a 19cm piston is shown in Fig. 
7.43. Left the particle velocity field, right the sound pressure field. Zero dB 
in the left plot means that the measured particle velocity coincides with the 
surface velocity. As can be seen (left): in the very near field the particle 
velocity is almost constant for place variations and frequency variations and 
the pressure is frequency dependent (right plot). 
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Fig. 7.43: Simulation of sound pressure and particle velocity levels due to a vibrating 
piston. 

The sound field of a 19cm in diameter piston was measured at several 
frequencies, see Fig. 7.44. As can be seen, the particle velocity level and 
the sound pressure level is almost independent on the place (the decay is 
only 2,5dB and linear). Compared to the particle velocity level, the sound 
pressure level is much lower and dependent on frequency. In contrast to 
the near field, the very near field region is not dependent on place. 
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Fig. 7.44: Simulated particle velocity level (black line), simulated sound pressure 
level (dashed line), measured particle velocity (dots) and measured sound 
pressure (squares) as function of normal distance to the source at different 
frequencies.  

Laser vibrometer versus Microflown sensor close to the surface 

The particle velocity level of the sound field at 7mm in front of the disk is 
compared with the surface velocity. The acoustic particle velocity level was 
measured with a Microflown and the surface velocity level was measured 
with a laser vibrometer (Polytec OFV505 sensitivity 25mm/s/V). 

As can be seen in Fig. 7.45 (left), the surface velocity measured by the 
laser vibrometer and the particle velocity of the sound field measured at 
7mm in front of the plate measured with a Microflown sensor coincide. The 
deviation at 50Hz, 75Hz, 125Hz and 250Hz is determined respectively 
0.5dB, 0dB, 0.5dB and -1.4dB. 

The selfnoise, the signal that was measured when the plate was not 
excited (and the setup was placed on a stable underground), of both 
measurement techniques is comparable, see Fig. 7.45 (right). The selfnoise 
of the laser vibrometer is about 10dB higher than the selfnoise of the 
Microflown sensor. So the Microflown sensor performs 10dB (about 3 times) 
better. The noise level is measured in 1Hz bandwidth and given in dB with a 
reference level of 50nm/s (0dB equals 50nm/s) which is the pressure 
equivalent of the threshold of hearing at 1kHz. 
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Fig. 7.45: Left: measured particle velocity at 7mm distance from the plate and the 
surface velocity measured with a laser vibrometer. Right: Measured selfnoise of a 
Microflown sensor and the laser vibrometer 7mm from the non excited aluminum plate. 

7.10 Case study: finding modes in a small beam 

What is the mode of a small (5×17.5mm) silicon vibrating beam that is 
excited piezo electrically at a frequency of 10kHz? 

 

Fig. 7.46: Very near field measurement to find the modes of a small silicon beam. 

In this case the Microflown sensor was positioned 1mm from the surface 
in order to ensure that the very near field condition was met. The beam was 
scanned twice, both in the normal and lateral direction. The Microflown 
sensor was moved by a robot that made 50µm steps. 
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Fig. 7.47: Measurement results of the normal and lateral particle velocity due to 
the vibration of a small silicon beam. 

The figure below shows the silicon beam, the laser and the Microflown 
positioned in such way that it is sensitive in the lateral direction. 

The graph below shows the normal and lateral velocity as function of the 
position on the vibrating beam. As can be seen, there is a maximum at 
9mm and at the tip of the beam. The grey part of the graph is showing the 
signals after the beam: this is caused by the sound field that is generated 
by the tip if the beam in combination with the figure of eight polar pattern 
of the Microflown.  

The location of this maximum surface velocity can be exactly 
determined: the lateral velocity is minimal at these points. On the other 
hand, when the lateral velocity is maximal, the normal (surface) velocity is 
minimal. 

7.11 Case study: identify eigenmodes of Epoxy mast 

The eigenmodes of a 6.7 meters long epoxy mast are measured with an 
accelerometer and a Microflown. The measurement results are compared 
(summary from internal TNO rapport). 

According FEM simulations the mast should have a first eigenmode at 
23.3Hz. Accelerometers (B&K 4514-001) were placed in the horizontal and 
vertical position and the Microflown was positioned close by the mast, see 
Fig. 7.48. 

The results are shown in Fig. 7.49. Left a typical measurement result of 
an accelerometer (graph shows acceleration divided by force) is shown and 
right a typical measurement result of a Microflown is shown (graph shows 
velocity divided by force). A conclusion of the report is that it is possible to 
use a Microflown for the contactless determination of eigenmodes in a large 
cylindrical structure like a mast. 
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Fig. 7.48 (Left): An epoxy mast is put in the air by two slings at a quarter length of the 
mast; (right): measurement position of the accelerometers (3/8L), the Microflown and the 
excitation hammer. 
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Fig. 7.49 (Left): typical measurement result of an accelerometer (graph shows 
acceleration divided by force); (right) typical measurement result of a Microflown (graph 
shows velocity divided by force). 

7.12 Case study: identify eigenmodes car turbine 

This paragraph is a summary from [6]. Experimental data are often 
affected by systematic errors induced by the experimental set-up or more 
specifically by the data acquisition instrumentation. A systematic error 
frequently encountered in modal testing is the mass loading effect. This 
error is generated by the mass of the transducers that are placed over the 
test article to capture the structural response to controlled excitation.  
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Fig. 7.50: A microhammer excites a car turbine and a USP Microflown is used to 
find the eigenmodes (from [6]). 

Transducers mass adds up to the structural mass and cause a 
modification of system parameters that results in incorrect estimation of the 
structural eigenfrequencies extracted from experimental data by curve 
fitting algorithms.  

In a test campaign a 9 blades car turbine of 56,6g weight was tested 
with the purpose to identify and discriminate the first eigenmode of each 
blade separately. The test challenge is to make sure that mass loading of 
accelerometers is kept under acceptable limits and that an adequate 
excitation level is provided with the micro hammer.  

The very high frequency of the first mode blades makes it very difficult to 
achieve a high frequency excitation with a micro-hammer and to detect a 
good level response due to accelerometer frequency response range limits. 
To this aim very small hammer and very light accelerometers (0.15g 
weight) are used. 

In the test with accelerometers the results where not satisfying. A second 
test was then carried out using the USP sensor. The results are amazingly 
improved as the identification algorithms extract only 9 Eigenmodes. 

Table: list of modes shapes in the blade first mode frequency range  

Mode Freq. [kHz] Damp. Mode Freq. [kHz] Damp. 

1 21.974 0.02% 6 24.237 0.02% 

2 22.876 0.02% 7 24.598 0.02% 

3 23.762 0.02% 8 24.980 0.02% 

4 24.035 0.02% 9 25.242 0.02% 

5 24.157 0.02% - - - 
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For very lightweight structures, standard modal testing techniques induce 
sensor mass loading and lead to incorrect modal models. An alternative 
contactless testing technique is introduced that makes use of particle 
velocity sensors and allows achieving very high accuracy in the modal 
models extracted. Comparisons with numerical models confirm the superior 
quality of modal models extracted with contactless particle velocity sensors. 

7.13 Simple method for finding modes in a thin plate 

For a lab experiment the modes in a 33x43cm 0.8mm thin plate had to 
be found. In Fig. 7.51 the result of a simple method to visualize mode 
shapes is shown. The method employs one PU-mini probe. The normal 
velocity of the surface is scanned and the signal is amplified and made 
audible trough headphones. The regions with zero vibration are easy to 
measure and are marked with a whiteboard marker in blue.  

 

Fig. 7.51: A simple way to find a modeshape. In red and green are the lines if zeo lateral 
velocity shown. In black iso-velocity lines and in blue the lines of zero normal velocity. 
The black crosses are the points of maximal normal velocity. 

See also chapter 8.9, paragraph: ‘sound field visualisation of a thin plate’ 

Then the probe is moved away from the zero vibration lines and the 
position of a certain particle velocity level (that is read out with an analogue 
RMS meter) is marked. The Iso-vibration lines are formed with this 
procedure are marked in black. In the middle of these regions the vibration 
level is measured and noted. The complete procedure takes 5minutes for a 
30x40cm plate for one single frequency. 
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Fig. 7.52: Modes measured at 200Hz with the simple whiteboard marker technique 
compared with a high resolution (180 points) surface velocity measurement. 

   

Fig. 7.53: Modes measured at 325Hz with the simple whiteboard marker technique 
compared with a high resolution (180 points) surface velocity measurement. 

In red and green the lines of zero lateral velocity is drawn. A crossing of 
those lines marks a maximal normal velocity. 

The ‘scan and listen’ method is compared with a very near field 
multipoint measurement (180 points). This measurement took about one 
hour. As can be seen the measurements coincide nicely. 
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Fig. 7.54: Modes measured at 400Hz with the simple whiteboard marker technique 
compared with a high resolution (180 points) surface velocity measurement. 

7.14 Case study: 3D measurements on a parabolic  
antenna [7] 

In order to obtain modal parameters and modal shapes of a parabolic 
surface antenna a USP is used. For measurement of the particle velocity 
vector orthogonal components vx, vy and vz an aluminium ring is used. It is 
attached by wax in points along the surface of the parabolic antenna, see 
Fig. 7.55.  

 

Fig. 7.55: A ring is used to extract the 3D velocity of a parabolic antenna (from 
[7]). 

The sensitivity of the USP probe is measured with a small, calibrated 
shaker, see Fig. 7.56. 
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In view to demonstrate that USP sensors can be used for modal 
parameter and modal shapes of complex surfaces and light structures, the 
excitation of the antenna structure was performed by manual impulsive 
force: simply knocking of surface in different points of the structure. The 
result is shown in Fig. 7.57. 

 

Fig. 7.56: Measurement of the sensitivity as function of the distance probe-
surface (surface is vibrating at 1g, 80Hz, corresponding 19.62 mm/s velocity 

amplitude). 

 

Fig. 7.57: Modal shape of a parabolic antenna for natural frequency f=14.2876Hz 

Conclusions [7] 

 
• the sensitivity of the Microflown sensor is very good, the conditioner 

output signal has enough level for a general data acquisition system 
• the sensitivity of the USP sensor decreased as a slow function of 

surface distance (gap ∆z, see Fig. 7.56) 
• the solution to use the USP sensor to measure vibration in 3D by a 

small ring can be considered as an alternative to other solutions 
more expensive as using laser beam  
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• the solution can be improved designing a suitable mechanical setup 
which provide a ease axed the USP and ring normal to surface and 
to protect the sensor against mechanical damage 

• more experimental testing is necessary for the suitable geometry of 
the ring to minimize the cross influence between sensors 

7.15 Case study: air borne sound measurements 

Parts of this paragraph are copied from [5]. A small (6mm diameter) hole 
was made in a rigid, solid box. A loudspeaker was placed inside the box 
generating sound. At 3cm in front of this box, the distributions of pressure 
and both normal and lateral acoustical particle velocity were measured.  

As can be seen, using the pressure distribution and the normal velocity 
distribution it is possible to find the location of the sound emitting hole. But 
with the lateral velocity distribution, the position of the sound emitting hole 
is found much more precise. 

  

Fig. 7.58: Sound is emitting out of a little hole of a rigid box. 

 

Fig. 7.59: Measurement of the pressure distribution (left) and the normal particle velocity 
distribution (right) at 140Hz. 

The sound pressure distribution varies only 5dB over the box and is 
maximal at the location of the hole. The noise particle velocity level is 
varying 10dB so the location of the hole is easier to find. 
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The variation in sound level of the lateral velocities is larger than the 
variation of the normal velocity.  

The cross spectrum of both lateral results in the largest variation at the 
location of the hole: 30dB.  

  

Fig. 7.60: Measurement of the lateral velocities at 140Hz. Left the x-component, right the 
y-component. 

 

Fig. 7.61: Cross spectrum of the lateral velocities, displayed both normal as inverted. 
Where the cross spectrum is minimal, the sound source is located. Due to the 
measurement method, the method is accurate and low noise: due to the cross spectrum 
method, selfnoise is averaged to zero. A signal to noise improvement of 30dB is feasible. 

7.16 References  

[1] H-E de Bree, V.B. Svetovoy, R. Raangs, R. Visser, The very near 
field; theory, simulations and measurements of sound pressure and 
particle velocity in the very near field, ICSV11, St. Petersburg 2004 

[2]  K,Beissner, On the plane-wave approximation of acoustic intensity: 
Journal of the Acoustical Society of America, v. 71, 1982. 



Vibration measurement 

 7-39 

[3]  H-E de Bree, V.B. Svetovoy, R. Visser, The very near field II; an 
introduction to very near field holography, SAE traverse city, 2005 

[4]  Ph.D. work of Rene Visser at the University of Twente, (2000-2004) 

[5]  R. Raangs, Exploring the use of the Microflown, Ph.D. thesis, 2005 

[6]  A.Vecchio et all., Impact of test data uncertainties on modal models 
extracted from multi-patch vibration tests, INCE 2005 

[7]  Titus Cioara, First results of the USP integrated sound probe 
application to the 3D vibration measurements on parabolic surface 
antenna, University Politehnica of Timisoara, internal report, 2006 


