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Measurement of Granular Surface Pattern in a Hopper

by Ultrasonic Sensor (The 2nd Report)

Eiji MORIMOTO, Shigeru ITOI and Nobuo HAYANO

Abstract
The ultrasonic sensor has been developed as a detecting element to recognize the granular surface

pattern in a hopper. The equipment and the measuring algorithm were improved on the basis of the

results obtained from the original system. Narrow directivities of the emitter and the receiver have

reduced the measurement error due to the echo from the inside hopper wall. Output voltage of the

receiver was enhanced to shorten the lag time which emerged in the signal level sensing circuit. The

inclination angle of the surface was detected by the swinging method, which also decreased the receiving

error of the reflected wave. The resolution of the time measurement was one microsecond utilizing the

time counter circuit. Experimental results were shown for the fundamental surface condition and for the

application to a hopper system.
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Fig. 1 Ultrasonic sensor

Table 1 Specification of the sensor

(Frequency 64 kHz
Half width 6.8 deg
Side lobe —-18 dB
Transmitting 118 dB
sensitivity (10Vms : L=30cm)
Receiving —30 dB
sensitivity {0dB=1V/Pa)
Rise time 0.15 msec |
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Fig. 2 Experimental apparatus
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Fig. 3 Procedure of the measurement
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Fig. 5 Illustration of the hopper and the sensor
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Table 2 Properties of the materials

Mean Diameter Density Angle of repose
(um) (g/cm?) (deg)
True Bulk
Sand 317 2.65 1.37 36.1
Nylonchip 2610 (Diameter) 1.10 0.73 32.0
2430 (Height)

WO KFETHERFRRE



AT BA -SRI

e Lxim
& La2m
e Laldm

Fig. 6 Directivities of the ultrasonic sensor
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Fig. 7 Relationship between the strength of the reflected wave W and the

distance L
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Fig. 8 Relationship between the measurement error E and the distance L
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Fig. 9 Relationship between the inclination
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Fig. 10 Measurement error E for the granular
surface with inclination angle 6
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Fig. 12 Measurement for sand in a hopper (1)
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Fig. 14 Measurement for nylonchip in a hopper (1)
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Fig. 15 Measurement for nylonchip in a hopper (2)
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Fig. 16 Measurement for sand in a hopper (3)
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