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Measurement of Granular Surface Pattern in a Hopper

by Ultrasonic Wave Sensor

Eiji MoriMoTo and Nobuo Havano

Abstract

Fundamental characteristics for pattern recognition of granular surface in a hopper by ultrasonic wave sensor
was investigated experimentally for the purpose of developing the detector as a control unit. Results showed rize
time of output voltage from the reciever affected directly the accuracy of measurement. Directivities of the
sensing units have been improved by installing the conical shaped horns in front of both the transmitter and
reciever. Experiments on the effect of the pulse wave length on the strength of its reflection from object indicated
that duration time more than 300 g sec was sufficient to reach the threshold level. Measurement error which was
due to the irregular reflection from the particle surface and inner wall surface was reduced by arranging the four

recievers around the emitter.
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Fig. 1 Principle of measurement
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Fig. 2 Flow chart for the procedure of
measurment
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Fig. 3 Ultrasonic wave sensor
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Fig. 4 Experimental apparatus
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Fig. 5 Illustration of the hopper and sensing units
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Fig. 6 Correlation of the distance from sensor to
object and its measured value
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Fig. 7 Recognition of the step

3.1.3 BHOFMCEC/ZHAIOEA Figsonk
IR OBTZHEE 21 em O R BV CHllE L 7.
FFHBEE OHisEi 30em, 60cm, 90cm & L7, HE
ORI IE P R OFER S THERE % HIT T & 2 25, FAK
oD VRO O EOMET I REHEI G s A
7o Bl — Lt olMAECITE, MEAROFEREIR
BoHLNTH, MHTHL I LORBIHETH 72

3.4 F—DPHR ASHAHVRZEFOERN
B 52" LYY Lldio THEONEHEE+ 5

WITTR T se e



40  ( 40) F oo OB H-H OO B

1601
% 0004, 0° 0o I Correlation coefficient : 0.99957
%o Y = 1.0020+1.12766 X
140+
€ 120}
v L
. ,\ |
S 60 € 100}
"(; S~
a > r
80r
601
30 ﬂml‘lmmu ml’lmmumm -
401
Jul 20_
- O
Dopoo L
0 ! 20 ’ 20 ' 60 0 20 40 60 80 100
Position of senser (cm) X (cm)
Fig. 8 Recognition of the cylinder in front of wall Fig. 10 Effect of the horn
e == (mV) (mv)
I - +40— - ‘ +40
e | e |- - ;
L e 0 \ 0
—1’0 \ | 1 _100 " 1
16 60 0 900 (usec) 0 300 600 900 (usec)
76 (a) (b)

Fig. 9 Horn attached to the sensor
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Fig. 12 Measurement for granular materials
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Fig. 14 Granular surface in a hopper (Flour)
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Fig. 16 Granular surface in a hopper (Nylon-chip)
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