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Abstract: This study presents the development of an acid resistance velocity sensor that is used for measuring
velocity inside a copper sulfate plating bath. First, researchers investigated the acid resistance coating to confirm
the suitability of the anti-acid sensor in a very corrosive environment. Then, researchers applied signal processing
methods to reduce noise and amplify the signal. Next, researchers applied a pressure-resistive sensor with an
operation amplifier (Op Amp) and low-pass filter with high impedance to match the output voltage of a
commercial flowmeter. Lastly, this study compared three low-pass filters (Bessel, Butterworth and Chebyshev) to
select the appropriate signal process circuit. The results show 0.0128, 0.0023, and 5.06% of the mean square error,
respectively. The Butterworth filter yielded more precise results when compared to a commercial flowmeter. The
acid resistive sensor is capable of measuring velocities ranging from 2 to 6 m/s with a 2.7% margin of error.

1M E HEANE dFFFolt FATAANE ©d

S A&T WSS A7) A FES warstol

GABAe ool Ao wAANTANN AR WSANLD H2 wehd 779 Fut
%, =u, Wl 5 ud 38 AHEHe T 94, ngEs Eds= wEk v A E] Z(micro-
How AF HAAE gz HFAIA A circui) A3+ 2] & F7FE AF 40m vIREe] 7]
¥ Corresponding Author, sangseok@cnu.ac.kr do] FAtE I 9o ) FAo] Aty d=
© 2016 The Korean Society of Mechanical Engineers 7 68 EUstaA AFELE O &t g ok



630

Guide Rail

Transfering Direction

Fig. 2 Acid resistance capability test of velocity
sensor candidates
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Table 1 Candidates of velocity measurement sensor

SpeC. Vsensorl VsensorZ Vsensor} Vsensor4
Sinrsei:g 10mm 12.7mm 9mm 25mm
Thickness 3 mm 0.45mm | 0.203mm | 0.203mm

Width 10.56mm | 19.05mm 14mm 14mm

Length 10.56mm | 60.325mm | 179mm | 56.8mm
Waterproof No No Yes Yes
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Fig. 3 Flow circulation through plating bath emulator
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Table 2 Comparison of commercial flowmeter and
acid resistance sensor

Schiltknecht | Acid resistance Unit
MicroWater64 sensor
Mesurement 0.4-5.0 2.0-6.0 ms
range
Response time 80000 5 us
Linearity error 2.0 3.0 Yofs

Fig. 5 reference impeller meter for validation of
velocity sensor
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Table 3 Pressure sensitive resistor calibration data
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Table 4 Output of signal processing circuits(5-10sec.)

Deadweight [g] | Resistance [ 2]

Conductance [1/82]

100 76000

1.31579E-05

200 44500

2.24719E-05

500 15700

6.36943E-05

Reference | Bessel | Butterworth | Chebyshev
sensor filter filter filter

Average
Voltage 1.985V | 2.001V 1.987V 1.770V
(5-10s)

1000 6700

0.000149254

T T T
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40000 |

30000 |

Resistance Output (Q)
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Fig. 9 Sensor calibration using deadweight
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