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Measurement of the Height for Granular Material Level in a

Cylinder Using Sound
(Fundamental Experiments for Glass Beads and Theoretical Analysis)
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This paper deals with the development of a new method for measurement of the height for
granular material in a cylinder. For monitoring of automated filling processes of cartridges in a
series production a new measurement method was developed which allows to detect rapidly incorrect
products and to improve the process capability by the use of this method. The aim of this research
work is to measure the level of granular material in a cartridge without contacting the material. The
material is the mixture of the solid particles and air. The material is assumed as the porous media
from the viewpoint of acoustics. As that, the inside of the cartridge, which is filled with granular
material, is the acoustic system including porous media. The measuring method used the relationship
between amount of granular meterial in the cartridge and the characteristics of the transfer function
of the acoustic system is developed. The acoustic characteristic of the granular material, which is
used for the theoretical analysis was also measured.
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Table.1 Detail of glass beads

Nominal size (mm) Variation (mmm)
005 $0.037~ $0063
0.1 0105~ $0.125
$02 $0.177~ 0250
$04 $0.350~ ¢0.500
9038 $0.710~ $0.9%
$20 ¢ 1.500~ ¢2.500

Table2  Inner size of cylinders
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Fig3 Magnitude of transfer finction
(Experiments, ¢ 04mm, ¢ 10X 40mm)
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Fig5 Relationship between height and magnitude of transfer
fimction (1450Hz, ¢ 0.4mm, ¢ 10X 40mm)

1% 05 T 5 0
Frequency {kHz]
Fig.6 Magnitude of transfer function

(Experiments by 1mm step height, ¢ 0.4mm, ¢ 20 X 80mm)
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Fig7 Experimental setup for pure tone wave
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Fig.8 Relationship between height and voltage
(Experiments, pure tone 1200Hz, ¢ 0.4mm, ¢ 10X 40mm)
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Fig.9 Acoustic system and electric equivalent circuit
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Fig.10 Magnitude of transfer finction
(Experiments, ¢ 0.4mm, ¢ 10X 40mm)
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(Calculations, ¢ 04mm, ¢ 10X40mm)
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Fig.12 Magnitude of transfer function
(Experiments, ¢ 0.4mm, ¢ 10<20,40, 80mm)
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Fig.13 Magnitude of impedance
(Calculations, ¢ 04mm, ¢ 1020, 40, 80mm)
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Fig.14 Magnitude of transfer finction (Experiments, ¢ 0.05,0.1,
02,0.8,2.0mm, ¢ 10X 40mm)
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Fig.15 Magnitude of impedance (Calculations, ¢ 0.05,0.1,02,
0.8,2.0mm, ¢ 10X40mm)
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