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Motivation

� geometry

� excitation

Sound 
field

Cavitation
Effect

� no principles

� no optimization

� empirical

• complex

• N- particle 
interaction

• stochastic
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Topics

� Sensor principles
� Determination of 

spectral parameters
� Quantification of the 

cleaning effect
� Correlation between 

sound field parameters 
and erosion

� Conclusions
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Sensors

TC4038 (∅∅∅∅ 4,0 mm)

B&K 8103 (∅∅∅∅ 9,5 mm)

HydrophonesFiber-Sensors

embedded 
in PU (∅∅∅∅ 4,0 mm)

inserted in
stainless-steel 
tube (1,2 mm)
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3D-Scanning-System

DSO
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motor
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motor
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sensor
signal

sensor

(fiber-tip or
hydrophone)
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Heterodyne Interferometer
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DSO

Cleaning bath

3D-Scanner

Amplifier

PC

Experimental setup

DMM
(Pt100)

Hydrophone

Interferometer
Setup
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Orientation of scan planes

front

x

y

z

� external 
excitation

� controlled 
temperature

� stabilized 
water level

� calmed water 
surface

Control of 
measurement 
conditions by:
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Comparison of sensor principles
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Sound Field and Powerlevel

40 % power 80 % power

120 % power

Elma T760/DH
f0=45 kHz
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Quasi-simultaneous acquisition of 
sound pressure and particle velocity

f0=45 kHz
Elma TI-H-5
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Spectral parameters
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Mapping of spectral sound field parameters

avg f
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Evaluation of the cleaning effect

• Mass loss of samples
– aluminium cube
– cast (as solid or in grooves)
– carbon plates

• Perforation of foils
– aluminium foil 

• Reduction/cleaning of reference soiling
– blacked glass plate
– rough ceramic plate with lead pencil
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Quantification of the Erosion Effect

original 
image

scanner

Error correction 
(local disturbances)

erosion density map

image with equalized 
background

selective detection of 
disorders

regions containing 
perforations

regions containing 
dents and indents

counting of pixels 
per raster
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Quantification of the Erosion Effect
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Mapping of spectral parameters and the 
quantified erosion effect

x

y

20 mm

avg f harm subh

ultrah NP low Erosion

Example 1

xy-plane 
(16.5 mm 

above bottom)
scan raster 

width: 5 mm
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Corresponding 2D - correlation coefficients

1.000--------Erosion 

0.1541.000-------NP low 

0.1100.9531.000------NP high

0.2070.4420.3761.000-----ultrah

0.1580.6470.6430.3891.000----subh

-0.0920.2380.2410.2110.1271.000---harm    

0.4680.6270.5610.6630.5800.1061.000--avg a   

0.4700.6180.5520.6590.5730.0780.9971.000-avg t   

0.4720.6190.5520.6590.5720.0810.9970.9991.000avg f   

Erosion NP 
low 

NP 
high

ultrahsubhharm    avg a   avg t   avg f   

Example 1

Cleaning Vessel: Elma TI-H-5, extern excitation
f= 45 kHz, degassed water cO2 < 3 mg/l
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Mapping of spectral parameters and the 
quantified erosion effect

y
z

20 mm

yz-plane (from surface down to 45 mm above bottom)
scan raster width: 2.5 mm

avg f  harm subharm

ultraharm NP low erosion

Example 2
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1.000--------Erosion 

0.3661.000-------NP low 

0.3940.9801.000------NP high

0.3630.3960.4731.000-----ultrah

0.3970.7840.8530.7761.000----subh

0.0790.1740.1840.2340.2341.000---harm    

0.4040.6220.6900.9120.8910.2871.000--avg a   

0.4100.5960.6670.9450.9000.2420.9691.000-avg t   

0.4250.6410.7050.9180.9020.2560.9740.9921.000avg f   

Erosion NP 
low 

NP 
highultrahsubhharm    avg a   avg t   avg f   

Corresponding 2D - correlation coefficients

Cleaning Vessel: Elma TI-H-5, extern excitation
f= 45 kHz, O2-saturated water cO2 = 6 mg/l

Example 2
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Application: Sound field optimization of an 
Megasonic Cleaner

f0=1 MHz
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Application: Detection of transducer failure

Repetition of the scan in 
the perpendicular plane

Detection of a transducer 
failure during the scan 
procedure
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Conclusion

The measurement of spectral sound field 
parameters allows the spatial localization of 
regions of effective cleaning and supports 
the user in his search for the best position 
inside an ultrasound cleaning vessel. Also, it 
provides an important tool for the design of 
an optimal sound field geometry.


