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Abstract

This paper uses TI special liquid measurement chip MSP430FR6047 as the core, designs an ultra-
sonic water meter based on the principle of time difference method (ToF) measurement, com-
pletes the design of the hardware and software of the water meter part of the liquid measure-
ment system, makes the real object, and completes the test. In water flow condition, ToF differ-
ence caused by velocity change of ultrasonic beam moving up and down in water is analyzed and
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processed to obtain water flow velocity and then calculate water flow. This information is stored
in internal FRAM and displayed on a customized LCD screen. It has excellent small-flow detection
ability, solves many problems existing in traditional mechanical water meters, and is suitable for
saving and rational utilization of water resources. Compared with mechanical water meter, it has
the characteristics of higher accuracy, better reliability, longer service life and no moving parts
and so on.
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Figure 1. System overall design scheme diagram
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Figure 2. System running state model diagram

2. RBEITIRESREE

Wl P POKR B IR AT, R, H R i AU Al £ IR RIS AT8E0T, s
Bt SR HAr I . BRI R, 2T UP BEMUEELE BoRBE, $4 T SEL SR ArEE
NIBATRE AR, R bR om AT AR R . BEAKR R AR R R E (TN O . fF
PRUEIR & B SRR 1 LR (I SO B b TR JCIRES , ATH% T UP B A7 ML) 1% 1 SEL Sk N A7
RIER TR, w208 0028, #% N RIGHT BRIt ANk R DT, W b s
FH 38, r s SR e 7] 0 SR s AR PRAEVUR BE S AE 0L T 4% SEL Bt NI4T KL,
{%°F LEFT $RIATE N HIREC, #2F DOWN S ATk 22 eS8, M85 14 T LEFT A/ 24
(e, #% T RIGHT ST RS A . BB, ORI o 80 AR R, T LB i e &
WEAMKE, JFRRHE,

3. BEERETNERFRE

HETE AT KU B o Xl 7 I e RE AR BEAT B, SR 7 I A5 S KR i Ja 7 1] 2 75 38 P A%k
SRJEHENAG S AL BERY B, I TS S S B IR R AR RN (845 21 ToF %, /& 3 fius. EIHfE#fe
TRV E KA s WGP A T O A BRI s BT ¢ A B AR K AR RR I s [ NP AR S A
o TR B PR RS, th RIS P e R S PR s B D P AR BE 2 1 A HE B RO A R BB S d N

JKE BT 5] LA
2/ B Af B A A B 7 IR A T VR S A i 4 BE AR ER O X BT IO T £, (from left
to right):
2h /
tlfr =
c c+v

DOI: 10.12677/jsta.2022.103047 391 AL JRAR T A 5 N


https://doi.org/10.12677/jsta.2022.103047

MR %

Hefgds

T: ctv —C Ih

N A7

Figure 3. Schematic diagram of ultrasonic mea-
surement method
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Figure 4. LCD layout diagram
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Figure 5. Circuit diagram of the POWER module
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Figure 6. System software flow chart
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Figure 7. The captured ultrasonic waveform
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Figure 8. Upstream and downstream flight time dynamic diagram (3000 dm®/h)
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Figure 9. Dynamic diagram of the difference in time of flight (3000 dm’/h)
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Figure 10. Velocity dynamic diagram (3000 dm®/h)
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Figurell. Test system diagram
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Figurel2. Upper computer diagram of system test
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Figurel3. Test prototype drawing diagram
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HUE 20519 Q3 = 6300 dm’/h, Q1 = Q3/R = 31.5 dm’/h, Q2 = 50 dm’/h, 0.7 (Q2 + Q3) = 4445 dm’/h, 0.35 (Q2
+Q3)=2223 dm’/h, Q4 = 7875 dm’/h, HRAEFRIHE DGR A5 (30 LG A5 0, R PR IER B BT B A, 13 31sK
PRl AR I 1 Fros. AR BERE EAER RS 20 2 LA b, F5 4 C/T 434-2013 (A BKE) E
K: Q1~Q2 (MuHE QQMIMEIX: +5.0%, Q2 (LHE Q2)~Q4 HIEX: +2.0%.

Table 1. Test results for flow data
1. RELENKER

WRTEHE WAFEAmY)  LHFEREA’)  EREEEAm/h) WERZE%) WRRIEE(C)

Q1 5.13 5.03 31 2.00 21.85

Q1~Q2 5.15 5.06 40 1.77 21.37

Q2 10.13 10.02 50 1.10 21.65

Q2~Q4 102.25 101.44 447 0.79 21.24

0.35 (Q2+Q3) 100.68 100.84 2218 -0.15 21.25
0.7 (Q2 +Q3) 100.31 100.20 4451 0.11 21.58
Q3 101.89 101.68 6414 0.20 21.73

Q4 101.73 101.55 7812 0.17 21.67
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