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Compensation method for measuring accuracy of transit-time ultrasonic

flowmeter
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(Key Laboratory for Electronic Testing Science and Technology, North University of China, Taiyuan 030051, China)

Abstract: The improved measurement accuracy of the ultrasonic time difference method not only makes the
measured value of the flowmeter more accurate, but also meets the needs of intelligent and automated industrial
production monitoring. The paper analyzes the measurement principle of compensation method for flowmeter
and influencing factors. Combined with the principle of ultrasonic reception, the zero-crossing detection circuit
structure is designed, and the cross-correlation algorithm is applied to the measurement of the time difference
between the forward and reverse currents to complete the self-compensation for the time measurement. The
experimental results show that after the above compensation method is adopted, the accuracy of the flowmeter
can be effectively improved, the measurement error of transit-time method is less than 0.8%, and the real-time
measurement is improved.
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Fig. 1 Working principle of ultrasonic flowmeter
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Fig. 2 Zero-crossing detection design circuit



F40% 2 M FRVE

IS 928 P YA B DM B R FE A M T i 271

Wl 2 s, 1% ] — AN XUEE EEEL RO, T8
RUEB A NS TG AEIE N INA+ 1B
I INB— Lo A HIME 58U 18 BE i LE (8147
Difie, AT F A ERE . el A BIEHAT
R FEL S R P, B0 5 I R L 2 2 T
I, OA St HH By Lo AR FRE Y B BIE S
FHARH T — B F A R AT B
HLP o XA B ST ORI T T F
Ja ORFF R T B (TR SR 0T A H AT
SIS BAR(E S A B AR an i 3 pios, Hedrr
ABEABE, V4+ ASHE B

V+

sy ——

RIS vl RSP G M A]
Fig. 3 Zero-crossing detection signal processing

waveform
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Fig. 4 Schematic diagram of cross-correlation al-

gorithm
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compensation

LE A BER TR BN R RN, 55%
B R EEN, R AL [R) 7 548 242 X
EFERTI, AL [ 7 N IEAE . i I i A7 £E
(PR 22 2 AR SR SR Az, AT ORAIE 1 0
19 20T ) ZE M AER M . RIS, TR AR 3 KRR,
HEOR T RS SE

3 SCIGIGE

H T SRR T A A R e R R I A T
I 1) 22 D00 8 ) AR 12, i DA JBE 4 A8 0 L R AR AL S
SERTTHE R R T, SAE I R e e P R Sk
PR B RIEAT o PR SR AE 2 U 3R AT, A B U
AN 341.3 m/so R AHRK I E , #AEER 1B
Jik {5 5 BSR40 kHz, TR WOR LIRS (0 &,
PRAIE A S e L it DA R 2 0 fL B R S AN 22
SEYS IR EE BN 3 cm, BRHRIEIN 2 cm, 2 UG
I SR LB X R WA T AT R AR I R AN EE
B AT DGR T, 15 2 . RIS, KA R
KAEAE SR RN BT HNSHRE . RAEL
A (9) HEALNEE.

P 6 S RE A% 4 ORI 7 A5 5 i 1 R
Ja B EE . W T B, S8R TS, 15 B R
BV 525 WA RIER] 7 AR E N 85 ns. K46

HORETH RS B (1 A% FR I 8] 2 SORXT EUAE, Seie 43 3
A 3R I TR I B, M2 45 R WER 1 . R L
A, BN E AN T 0.8%; B T,
RASH WSRO BB F:T LB, 2k
F—WAE NS R, XS HE K EA R E
I EE 2 5 BB IR ZBOR, RIAER 1 28 — ANl &
H AR ZE 2L F]0.73%

3

IR {E /v
o

0 1 2 3 1 5
18] /ps
K6 HEESERES

Fig. 6 Ultrasonic reference signal
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Fig. 7 Calculation of ultrasonic cross-correlation
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Table 1 Experimental measurement data

WHRFEES fom  XSHOR R3S /us WU /us R2/%

3.0 87.90 87.26 0.73
5.0 146.50 146.33 0.12
7.0 205.10 205.02 0.04
9.0 263.70 263.65 0.02
11.0 322.30 322.24 0.02
13.0 380.90 380.86 0.01
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