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ASTUDY OF CONDITION MONITORING IN
WATER PIPE USING VIBRATION SENSOR

Abstract

This paper describes a study of condition monitoring in water pipe using vibration sensor. The vibration sensor
composed of condenser microphone is placed at water pipe. This sensor picks up vibration by water flow. We estimate
of flow rate from the output voltage waveform. It is high cost that any conventional flowmeter which use at outside pipe
such as ultrasonic flowmeter. We develop a lower cost system and make measurement of flow rate in water pipe easier.

The validity of sensing pipe vibration by condenser microphone was examined by experiment.

Key Words : Condenser microphone, Condition monitoring, Water pipe
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Tablel Experimental environment of faucet

internal diameter
Lo #13mm
of pipeline
Material of pipeline Brass (plating nickel)
temperature 22°C
humidity 62%
water temperature 21°C
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Fig. 14 Output waveform and spectrum when flow rate was 0 L/s in faucet experiment
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Fig. 20 Scatter diagram of Q and P,,, in faucet experiment
Table2 Result of faucet experiment
Trial number Mlgl| Q[mL/s] Pout Trial number Mlgl| Q[mL/s] Pout
0 0 0.0 0.01 21 92 18.4 14.21
1 54 10.8 4.14 22 93 18.6 13.14
2 84 16.8 18.26 23 193 38.6 63.90
3 90 18.0 23.14 24 246 49.2 98.57
4 141 28.2 43.05 25 294 58.8 138.67
5 190 38.0 72.75 26 354 70.8 180.68
6 195 39.0 81.10 27 439 87.8 262.20
7 260 52.0 121.81 28 489 97.8 312.26
8 299 59.8 153.07 29 520 104.0 353.87
9 326 65.2 173.25 30 563 112.6 413.15
10 367 73.4 204.98 31 611 122.2 500.51
11 409 81.8 230.88 32 642 128.4 661.85
12 454 90.8 277.40 33 697 139.4 873.07
13 517 103.4 336.58 34 774 154.8 992.68
14 561 112.2 424.76 35 803 160.6 | 1013.99
15 600 120.0 504.26 36 865 173.0 | 1099.90
16 629 125.8 630.30 37 943 188.6 | 1196.91
17 693 138.6 840.21 38 964 192.8 | 1282.83
18 758 151.6 930.55 39 1050 210.0 [ 5282.70
19 784 156.8 | 1019.26
20 847 169.4 | 4944.19
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Table3 Specification of MM-ADUSB

Frequency Characteristic 20Hz to 20,000Hz
Correspondence Input Device Only Condenser Microphone
Impedance 2,200Q

LT Fig. 21 ICEBROEF, Tabled ([ZEBREREE 277,

Fig. 21 Measurement system used in the experiment of piping system

Table4 Experimental environment of piping system

internal diameter
L #13mm
of pipeline
Material of pipeline Stainless Steel
temperature 21°C
humidity 45%
water temperature 16°C
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Fig. 22 Output waveform and spectrum when flow rate was 0 L/s in piping system experiment
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Fig. 25 Output waveform and spectrum when flow rate was 0.191 L/s in piping system experiment
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Fig. 26 Output waveform and spectrum when flow rate was 0.274L/s in piping system experiment
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Fig. 27 Output waveform and spectrum when flow rate was 0.341L/s in piping system experiment
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Fig. 28 Scatter diagram of Q and P,,, in piping system experiment
Table5 Result of piping system experiment
Trial Number Mlgl| Q[mL/s] Pout Trial Number Mlgl| Q[mL/s] Pout
0 0 0.0 5.43 21 929 185.8 704.89
1 13 04 15.61 22 959 191.8 668.04
2 45 1.5 0.41 23 1063 212.6 919.29
3 53 1.8 1.08 24 1180 236.0 | 1396.26
4 122 41 6.67 25 1326 265.2 | 1098.50
5 193 9.7 13.16 26 1283 256.6 | 1665.27
6 359 18.0 49.76 27 1370 2740 | 1853.62
7 402 20.1 148.90 28 1404 280.8 [ 2090.85
8 504 25.2 116.02 29 1478 2956 | 2406.95
9 623 31.2 212.93 30 1592 3184 | 2652.98
10 847 424 296.42 31 1660 3320 | 3713.21
11 1165 58.3 344.97 32 1023 341.0 [ 3430.26
12 1403 70.2 226.19 33 963 321.0 | 3758.27
13 801 80.1 272.59
14 916 91.6 263.90
15 1047 104.7 304.03
16 1172 117.2 498.61
17 1320 132.0 526.07
18 1451 145.1 603.28
19 773 154.6 505.54
20 834 166.8 628.74
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Table6 Experimental environment of piezoelectricity ceramics

FHT 5. = OEL A Fig. 32, SEBREREEA Table6 & L TR .

internal diameter

of pipeline ¢13mm
temperature 20C
humidity 38%
water temperature 18C
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Fig. 36 Output waveform and spectrum when flow rate was 0.073 L/s in ceramics experiment
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Fig. 37 Output waveform and spectrum when flow rate was 0.096 L/s in ceramics experiment

0.75
05
0.25
0 [ Illly..lll.llly.ll IO
-0.25
-0.5
-0.75

output[V]

t[s]

500 ¢ T T T T T T
400 - i
300 -

200 f

PSDI(V2)/Hz]

100 - .

ot r r i r s i r r
0 10 20 30 40 50 60 70 80 90 100

Frequency[Hz]

Fig. 38 Output waveform and spectrum when flow rate was 0.118 L/s in ceramics experiment
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Fig. 39 Output waveform and spectrum when flow rate was 0.147 L/s in ceramics experiment
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Fig. 40 Output waveform and spectrum when flow rate was 0.204 L/s in ceramics experiment
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Fig. 41 Output waveform and spectrum when flow rate was 0.207 L/s in ceramics experiment
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Fig. 42 Output waveform and spectrum when flow rate was 0.223 L/s in ceramics experiment
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Table 7 Result of piezoelectricity ceramics experiment
Trial Number M[g] | Q[mL/s] Pout T
0 0 0.0 65.18 EL
1 335 33.5 147.92 10
2 513 51.3 152.11 10
3 727 72.7 157.98 10
4 478 95.6 165.53 5
5 591 118.2 185.07 5
6 734 146.8 237.68 5
7 1020 204.0 283.75 5
8 1035 207.0 352.06 5
9 1114 222.8 485.29 5
10 1181 236.2 | 1130.59 5
11 1441 288.2 | 1456.83 5
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