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Fig. 17.1 (previous page): A photograph of the first proto type of the acoustic camera 

measuring the miniature pump. 

17.1 Summary 

Compared to sound pressure measurements particle velocity 
measurements close to a vibrating object are almost not affected by 

background noise. This is because close to an object the particle velocity 
field is high compared to the sound pressure field, the reflected background 

noise sound pressure doubles and the reflected particle velocity goes to 
zero. And the Microflown is a velocity sensor so compared to a microphone 
only a third of the (diffuse) background noise is measured. 

The aforementioned three reasons make the Microflown very useful to 
‘listen’ to products if they functioning properly in the production line. 

An example of a miniature pump is given in this chapter.   

17.2 Introduction 

A production line is set up to manufacture 200.000 micropumps a year. A 
micropump consists of an electric motor and a small concentric part that is 

fixed on the rotating axis of the motor. This concentric part drives the 
pumping meganism. An average of 1% of the motors has a damaged 
bearing and if this is the case, the pump makes a lot of noise. A broken 

bearing starts to get noisy if concentric forces occur. It is therefore only 
possible to test the complete pump. 

Although the difference between a good and faulty pump is clearly 
audible, it is difficult to measure the difference with a normal microphone in 
a production line. This is because the measurement of sound pressure 

microphone is affected by background noise. 

In order to test if the bearings are functioning properly a person has to 

listen to the micropumps in a silent environment, one by one… 
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In 2005 it was discovered that particle velocity measurements are much 
less affected by background noise and the micropumps can be tested in the 

production line [1]. 

17.3 Background noise reduction  

In this paragraph some theory is presented that explains why for end of 
line control a particle velocity measurement is favorable compared to a 
sound pressure measurement. There are three reasons for that: 

1. The sound pressure level and particle velocity level are of similar 
magnitude in the free field. If the sound wave reflects on a rigid surface, 

the sound pressure doubles and the particle velocity reduces to zero. 
Therefore at the surface the particle velocity component of the 
background noise is almost not measured. 

2. On the other hand, close to a vibrating (sound emitting) surface, the 
sound pressure level is reduced as compared to the particle velocity level 

that coincides with the surface velocity. Therefore close to the surface 
the sound pressure of the emitted sound field is almost not measured. 
This is called the very near field effect, see chapter 7: ‘Vibration 

measurements’. 

3. A sound pressure microphone is omni-directional and thus measures the 

sound field in all directions. A Microflown measures the particle velocity 
in one direction. Therefore in a diffuse sound field a Microflown measures 

only one third of the sound field whereas a pressure microphone 
measures the total sound field. 

 

Fig. 17.2 : Left: the particle velocity part of a sound wave reduces to zero at the point of 

reflection and the sound pressure doubles; middle: the particle velocity is maximal at the 

source and the sound pressure is low; right: only a third of the background noise is 

received with a particle velocity sensor. 

In a production facility a high level of background noise with a diffuse 

character may be expected. In such environment low sound levels have to 
be measured that should discriminate good or faulty equipment. One can 
think of a gear box or a pump. If a bearing is damaged it generates a 

different noise than a proper working one.  
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For the three reasons that are mentioned above the particle velocity has 
to be measured. Close to the surface the particle velocity level caused by 

the vibration of the object under test is high compared to the sound 
pressure level (2). The background noise is reduced if the velocity is 
measured because it reflects on the rigid surface (1) and a particle velocity 

probe picks up only a third of the diffuse background noise (3). 

17.4 Measurement procedure 

The measurement procedure consists of four steps.  

To get a general idea of the problem at hand, step one is a simple sound 

pressure measurement in a silent environment. This measurement reveals 
the bandwidth of interest and the dynamic range of the problem. In a silent 
environment it is often possible to discriminate between good and faulty 

equipment. 

Step two is measuring the particle velocity and sound pressure close to 

the surface and using this to create a particle velocity spectrogram of the 
object. This spectrogram shows the frequency response of all measurement 
points. It gives insight in the discriminating frequencies and measurement 

points of the good and faulty equipment. The spectrogram is not so 
intuitively to interpret so therefore at the proper frequencies this picture is 

transformed in the acoustic picture. 

 

Fig. 17.3: A photograph of the miniature pump with an electrical motor (the total length is 

7.5cm). The numbers are the measurement locations. 

Step three is the extraction of the acoustic picture from the spectrogram 
at a specific frequency. The acoustic picture can be an intensity picture or a 

particle velocity picture. This picture reveals the best measurement 
locations to be able to discriminate between good and faulty equipment. 
See also chapter 8: ‘sound field visualisation’. 

Step four is the acoustic check of the optimal location that is found by 
the acoustic camera. Good and faulty equipment are tested with a high level 

of background noise. 
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Step 1: general impression bandwidth/dynamic range 

The equipment under study is a small pump that may be faulty. The aim 

is to discriminate between a good and faulty pump. The faulty pump has a 
damaged gear. 

In a silent environment, at several places around both pumps (the good 
and the faulty one) the sound pressure is measured to get an overall 

impression on the frequencies of interest and the dynamic range (the 
difference in sound level of a good and faulty pump). 

The average of five pressure values is calculated. The result of the 

measurement is shown in Fig. 17.4. 
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Fig. 17.4: The average sound pressure (measured at several locations around the pump).  

The black line shows the average sound pressure of a good pump and the 
red line shows the spectrum of a faulty pump. A useful bandwidth to 

discriminate is where dynamic range is large. Dynamic range is defined as 
the difference in spectrum between a good and a faulty pump. As can be 
seen, discriminating frequencies are found in the 1500Hz-2kHz bandwidth 

and the 3.5kHz-4.5kHz bandwidth. The dynamic range is the in order of 
10dB-15dB which is not very high.   

Step 2: The spectrograms of the object 

From the general impression of the problem it was learned that the 
frequencies of interest are relative high so the lower frequencies (f<50Hz) 

are not measured. This increases the measurement speed. 
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At the surface of the pumps the particle velocity is measured and the 
result is used to generate the spectrograms. These show the velocity field at 

all measurement points and at all frequencies in more detail, see Fig. 17.5. 

It shows again that at 1.5kHz-2kHz ‘something’ is happening. An 
interesting detail is that the upper hole of a faulty pump (measurement 

point 12) generated less sound at higher frequencies. Also in the 3.5kHz-
4.5kHz bandwidth differences between good and faulty are found. 

 

Fig. 17.5: Spectrograms of the pumps. Left the good pump and right the faulty pump. 

Step 3: The acoustic pictures of the object 

At a specified bandwidth the data from the spectrogram can be 
extracted. The particle velocity in that specific bandwidth is integrated and 
the result is plotted ‘over’ the photograph of the pump. The result is a color 

map that represents the particle velocity field generated by the good and 
faulty pump, see Fig. 17.6. 

  

Fig. 17.6: Acoustic particle velocity pictures extracted from the spectrograms at the 

1.5kHz-2kHz bandwidth. Left the good pump and right the faulty pump. 
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As can be seen, the rear of the motor is the best position to detect if a 
pump is faulty. 

Step 4: Acoustic test of the optimal location 

A good and faulty pump is measured at the optimal location that is found 
by the acoustic picture. Good and faulty equipment are tested with a high 
level of background noise. At the test the background noise is so loud that a 

faulty pump cannot be heard at 20cm distance. 

Both pumps are measured with 3mm in front of the optimal location. 

Measurements where taken with a pressure microphone and a Microflown in 
a silent environment and in the presence of background noise.  

The result is shown in Fig. 17.7 for the sound pressure measurement and 

in Fig. 17.8 for a particle velocity measurement. As can be seen in Fig. 
17.7, the background noise is dominating the measurement for a sound 

pressure measurement, but when the measurement is performed with a 
Microflown, the background noise has almost no influence (Fig. 17.8). 
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Fig. 17.7: Sound pressure measurements at the optimal location. Black line good pump 

measured in a silent environment; red line faulty pump measured in a silent environment; 

green line good pump measured in an environment with background noise; blue line 

faulty pump measured in an environment with background noise. 
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Fig. 17.8: Particle velocity measurements at the optimal location. Black line good pump 

measured in a silent environment; red line faulty pump measured in a silent environment; 

green line good pump measured in an environment with background noise; blue line 

faulty pump measured in an environment with background noise. 

The signals are recorded and can be listened to. The files can be found at 
the website. 

 

Fig. 17.9: At the ISKRA Avtoelektrika more than 700 electric motors were tested using a 
microphone, an accelerometer, a Microflown probe and a laser vibrometer. The test 
engineer was very satisfied with the vibration test that were performed. 
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17.5 Practical cases 

This paragraph is based on an initial internal study at ZF. The acoustic 
response of a gearbox was compared with the surface acceleration, see Fig. 

17.10. The acceleration was measured with an accelerometer that has to be 
attached and an accelerometer that is pushed at the surface, see Fig. 

17.13. 

  

Fig. 17.10: The acoustic emission of a gearbox is measured with a Scanning Microflown 

and two types of accelerometers.  

Microflown vs accelerometer attached 

The response of the Microflown is compare to the response of an 
accelerometer that is attached rigidly to the surface, see Fig. 17.13 (sensor 
shown in the front). The Microflown shows a good correlation with the 

acceleration signal, also at higher frequencies. 
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Fig. 17.11: Order tracking (i.e. mode order per rotations per minute or RPM) by 

accelerometer (upper plot) and Microflown sensor signal (lower plot). 

 

 

Fig. 17.12: output of as function of frequency by accelerometer (black line) and 

Microflown sensor signal (red line). 
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Fig. 17.13: Two types of accelerometers, one that has to be pushed on the surface and 

one that has to glued to the surface. 

Accelerometer attached vs accelerometer pushed 

The response of the two types of accelerometers is compared. Structural 
deviation of responses was noticed from 2.6kHz upward.  

 

Fig. 17.14: output of as function of frequency by accelerometer (black line) and pushed 

accelerometer signal (red line). 
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17.6 Measurement of a fan (from [2]) 

The purpose of a pre-study is to present a particle velocity measurement 
in comparison with acceleration measurement in an end-of-line application 

fan measurement, looking forward to prove that a particle velocity 
measurement is providing similar information of the accelerometer but in a 

non-contact way.  

 

Fig. 17.15: Detail of measurement set-up. Notice paper windshield to reduce the risk of 

overloading due to DC-airflow. 

Data acquisition was performed with LMS Test.Lab 8A Software and 

Scadas Mobile hardware. Acceleration was measured with B&K 4344 type 
accelerometer pre-amplified by B&K 2625 pre-amplifier. Particle velocity 

was measured by a Microflown Scanning Probe [5], pre-amplified by a 
regular Microflown signal conditioner. Particle velocity measurements were 
performed with the signal conditioner for uncorrected high gain mode. 

For rotating systems it is usual to perform a complete signature testing 
to get the complete behaviour for frequency and rpm domains. A pseudo 

run-up was performed from 14400 rpm to 20400 rpm in steps of 250 rpm 
to measure the responses up to 1000 Hz. Each rpm condition was actually 
measured in stationary condition instead of a full transient run-up, with a 

peak-hold averaging. Results for velocity and accelerations are shown in 
colour maps. 

The results of this global analysis show that particle velocity sensor 
present results effectively as good as traditional accelerometer sensors, with 

the advantage of non-contact measurement, which can issue in time 
reducing in end-of-line testing. 
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Fig. 17.16: Particle velocity sensor response. 
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Fig. 17.17: Accelerometer response. 

17.7 In line testing of actuators (from [2]) 

In a production line a high number (100.000+ per week) of actuators are 

produced. The actuators are made out of plastic parts and are driven by 
electromotor with a gear. 

The absolute level sound level of the actuators was less than 50dB SPL at 
close range and the SPL at the production site was in the order of 80dB. 

The sound quality of the noise emission was more important than the 

absolute level. So the actuators had to sound ‘good’. 

For this a certain types of error sounds are defined: grinding, waving, 

ticking, vibration and buzzing. If these sound types are measured the 
actuator has to be rejected. 

The current test technique is a laser measurement. Up to 50% is rejected 
and have to be rechecked by humans.  

The results that are shown in Fig. 17.15 are captured in the production 

line and the rejection rate was improved considerably. 

A prototype end of line tester was build and an extensive R&R test was 

done showing that the particle velocity sensors gave a consistent result. 
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Fig. 17.18: Spectrograms of actuators with different noise issues. From top left to bottom 

right: good, grinding, waving, ticking, vibration and buzzing. 

17.8 Measurement of an engine block (from [2]) 

A practical manner to test cast material quality in engine block casting 
industries is through the frequency response function of an impact hammer 

and the radiated sound pressure. Nodular, vermicular and lamellar cast 
irons present different resonance frequencies when excited and these 
particular frequencies, related to the structure, are very particular for each. 

Of course different graphite shapes issue in different mechanical properties. 

The main difficulty is to have accurate measurements of sound pressure 

in a manufacturing environment with very high background noise levels.  

A comparison between a particle velocity sensor measurement and a 
microphone, in low background noise is presented in Figure 16. It can be 

seen that even in low background noise environment the microphone 
measurement is much more susceptible to noise than a particle velocity 

sensor. (The sound pressure is more of a global value, a sum of the noise 
generated by the total engine block; the particle velocity provides a more 
local measurement result). 

Data acquisition was performed with LMS Scadas Mobile hardware and 
LMS Test.Lab 8A software. The pressure transducer was B&K 4189 
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microphone and the particle velocity transducer was Microflown Scanning 
Probe. 
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Fig. 17.19 (left): Comparison of frequency response measurements with pressure and 

particle velocity transducers. 

Fig. 17.20 (right): Particle velocity measurement comparison – effect of environmental 

noise. 
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