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Design and performance analysis of transceiver circuit of
non-contact ultrasonic flowmeter

Jia Huiqin Wang Chengyun Zhang Tieyu Bai Yongxin

(School of Electronic Engineering, Xi’ an Shiyou University, Xi’ an 710076, China)

Abstract : The increase of signal-to-noise ratio (SNR) is an effective measure to improve the measurement accuracy of an ultrasonic
flowmeter. However, the increase of transmission voltage for higher SNR could damage the ultrasonic sensor and the receiving circuit; it
also introduces higher mutual interference between the transmitting and receiving circuits. Proposing an ultrasonic transceiver design for
flow measurement of composite pipes; In the transmission circuit, a central-axis transformer instead of a damping resistor is used. In the
receiving circuits, a limiting bridge circuit is employed for protection. The experimental results showed that the optimized transmission
circuit proposed in this paper could increase the transmission voltage and reduce the discharge time. The output voltage is amplified by
13. 85 and 4.5 times without and with loads, respectively. At the same time, the receiving circuit can effectively suppress the mutual
interference and improves the power of the receiving branch. The transmission efficiency of the receiving circuits for signals below 5 V
exceeds 90%. The circuit design was applied to a non-contact ultrasonic flowmeter, and the fluid in the composite pipeline was
measured. The test results showed that the linearity and repeatability of the flowmeter had met the actual requirements of the flow
measurement.

Keywords : ultrasonic flowmeter; big diameter; transmission circuit; receiving circuit; central transformer; limiting the bridge; interference
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Fig. 1 Basic structure of transmitting and

receiving circuit of ultrasonic sensor
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Fig.2 Pulse transmitting circuit
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Fig.3 Equivalent circuit of pulse emission
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Fig.4 Equivalent circuit of s-domain discharge circuit
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Fig. 5 Amplitude-frequency characteristic curve

2.2 #RUBRIEHT R IR T R IE
1) R R IE AT L i

)

< 1o}

P/

= 0.8F
0.6F

ARBRE

041

02F

0 1 2 3 4 5 6 7 8 9 10
w/(rad-s™) «10°
6 AHATREE L

Fig. 6 Phase frequency characteristic curve

5 52 B e P g v o AT b T e e £ 3 AR R RS A
FEE YL, R RS ZERR R AL B | $2 05 B MR A7 F AN 1] 7
TR o WA FhL B AR T O T B A 1 O ) R v A B AL
SRRV R E s 30 o) 25 SR ] s e A58 B2 A A 5 A B AL
R AR ST A2 WA R M A7 0 1o T J S 4 % i el
FE AU S IR (E R HIAE 5V LA, AT SE B e 26 4%
ST Ak BRI HAth FL 6 A A 2 R a4 i R A el
FEAERZMN G 1 KV mHE I HXT 3 V RV G S
RORERIR 99% LU E

VCC1

[

K7 F PR IR o i

Fig.7 Receive limiting bridge circuit
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Fig. 8 Transceiver circuit of the same ultrasonic sensor
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transceiver circuit of ultrasonic sensor
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AV LITHEVAY R/ %
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0.368 0. 365 99. 10
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Fig. 15 Flow measurement curve
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