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Measurement of Granular Surface Pattern in a Hopper

by Ultrasnic Sensor (The 3rd Report)

Eiji MORIMOTO, Shigeru ITOI and Nobuo HAYANO

Abstract

Measuring equipment with ultrasonic sensor has been developed for the granular surface pattern

recognition in a hopper. The estimation algorithm was proposed which utilized the intensity of the

received sound and the period in which the wave moved back and forth. The inclination angle and spatial

position of the measured point on the surface were determined from the values taking into account the

directivities of the sensors, surface condition of the reflection, and attenuation of the sound through the

path. The pattern was depicted by microcomputer considering the mutual relations between the locations

of the measuring points and the constraint due to the physical properties of the materials treated. The

method was applied to the instrument whose resonance frequency and half width were 66 kHz and 5

degrees, respectively. The fundamental characteristics of the measuring unit such as frequency depen-

dence, directivities, attenuation, and measurement error have been studied experimentally. Sufficient

results were obtained in a model hopper system with sand whose mean diameter was approximately 300

microns for three surface patterns of plane, concave, and convex.
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Fig, 1 Principle of the measurement.
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Table1l Specification of the sensor.

Frequency 66 (kHz)

Half width 6.8 (deg)

Side lobe —18 (dB)

Transmitting 118 (dB)
sensitivity (10Vms : L=230cm)

Receiving —30 (dB)
sensitivity (0dB=1V/Pa)

Rise time 0.15 (msec)
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Fig, 2 Construction of the measuring equipment.
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Fig. 3 Signals in the drive—and —sensing circuit.

O KA TR et i



68  (68)

Table2 Properties of the sand.

Mean Diameter 0.317 (mm)
True Density 2.65 (& /cm)
Bulk Density 1.37 (& /cmt)
Angle of repose 36.1 (deg)
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procedure.
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Fig, 5 Frequency characteristics of the
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Fig, 6 Directivities of the sensor (1).
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Fig, 7 Directivities of the sensor (2).
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Fig. 8 Attenuation of the sensor.
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Fig, 9 Relationship between the measure-
ment error and the sensor output.
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Fig, 11 Measurement for granular materials
with concave surface pattern in a
hopper.
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Fig. 12  Measurement for granular materials

with convex surface pattern in ahop-
per.
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