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Abstract

This paper suggests for the study on a fluid velocity measuring system using ultrasonic transducer.
In general, the time difference method to measure the distance between transducers has been known. In
this paper, the practical technology for manufacturing ultrasonic flow meter system is studied using the
time difference method. The ultrasonic transducer was designed and manufactured. The transmission and
receiving algorithm for ultrasonic signal was studied. The ultrasonic flow measuring system was
experimented in laboratory using a water reservoir for verifying the distance measuring - accuracy.
Finally, it was tested in flow calibration laboratory for the velocity measuring performance. The system,
designed in this study, showed 0.3 mm resolution in distance measurement. For precise flow
measurement, a high speed triggering algorithm is required for ultrasonic signal receiving.
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Ultrasanic sensor

(a) Principle of time difference method (L : sensors

distance)

t’ Ultrasonic sensor

Transmission
mate\iat

l,

(b) Practical wet type ultrasonic flow meter

Fig. 1 Principle of ultrasonic flow measurement

using time difference method
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Table 1 Specification of circular plate type PZT

material
Model (MOGAN Co.) PZT5A
Diameter 12.7 mm
Thickness 2.54 mm
Frequenc 740.157 KHz
4 4 (Thickness Direction)
Capacitance 604 pF
Impedance 48.7
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(a) Design of ultrasonic transducer
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(b) Wear plate vibration
Fig. 2 Design of ultrasonic transducer and wear

plate vibration

Fig. 3 Manufactured ultrasonic transducers
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Fig. 4 Natural frequency measurement of transducer
using oscilloscope and function generator

] 27 AA
onl, FAHLE w2 A A el Aol
2atole] HAA} i g2 FOoT Holof &
k. B d7dxe AAsE FA7 =7 A e
PZTA A9} 5 F(Wear plate)d] F7& 0.5mmo
2 39tk 10ve] S8 220 A A9
FA8 AdE 13omvAch

22 3% Fuly FE

AA9 F7 F34E Impedance E4 7|2
Aatodok s, Fig. 49 Zo] 54 ANE
Aok s FRE Ak A8 Edx
Fao LA E F4E EWdxFoo] o4
22322 AZslx, 3y EArdA PZTA A9
FAFrd RHHA FR5E °]‘_“L’5}‘4 A A

e 2 E *1]74*110]: ki3

=
-1
-z
L

é
_E,
i
e
1

h

% B E
ZJ—T—»}T (740 kHz)P_q-
1&g ol i<
3}A-L Fig. 59 &
ZHx &

o[)l



EH=10.00v
oc 11

pulse input

AVAvAVA

(b) Sine wave input
Fig. 5 Transducer input (upper) and output signal
for measuring the natural frequency (714
KHz)
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(b) Receiver circuit

Fig. 6 Ultrasonic transmission and receiver circuit
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Fig. 8 PC main window for velocity and flow rate

display
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(c) distance 171mm
Fig. 11 Transmitting (Upper) and receiving (Lower)
signal for transducer distance measurement
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Table 2 Calculated time in PIC and real time in

oscilloscope
Distance Time in Time in PIC
(mm) |Oscilloscope (iisec) (usec)
46 32 46
103 71.2 85
171 116.8 130.8

Fig. 12 Ultrasonic transducer set-up with 45°

inclination for real flow rate test
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Fig. 13 Transmitting (upper) and receiving time
difference measurement in water flow
calibration laboratory
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