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This study aims to analyze the maximum service life of electrolytes used in
Electrochemical Machining (ECM) to minimize chemical waste. In ECM
processes, electrolytes are often discarded prematurely due to the absence of clear
guidelines, resulting in increased waste and operational costs. To address this
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issue, a monitoring system equipped with pH, turbidity, temperature, and
conductivity sensors was developed to measure electrolyte conditions in real time.
The collected data was analyzed to determine the point at which the electrolyte can
no longer be effectively used without compromising machining quality. The
findings provide valuable insights into extending the electrolyte’s usage period,
thereby reducing waste and enhancing the sustainability of ECM operations.
This research contributes to improving resource efficiency and promoting
environmentally friendly manufacturing practices.
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Fig. 3 ECM electrolyte measurement circuit
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Fig. 4 pH sensor

Table 1 pH sensor specifications

Condition Value
Measuring range 0.0-14.0 pH
Accuracy +0.1 pH (25C)
Measuring temperature 0~60C
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Fig. 5 Turbidity sensor

Table 2 Turbidity sensor specifications

Condition Value
Insulation resistance 100 M (min)
Measuring temperature 5~90C

Fig. 6 Temperature sensor

Table 3 Temperature sensor specifications

Condition Value
Accuracy -10~85C
Measuring temperature -55~125C

s oheh 433 34 29 Weel WakE 2 4 9
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3.2.4 Conductivity sensor
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£ Measuring range 0~1000 ppm, Accuracy +10% F.S.o|t}.
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Fig. 7 Conductivity sensor

Table 4 Conductivity sensor specifications

Condition Value
Measuring range 0~1000 ppm
Accuracy +10% F.S.

Table 5 pH sensor code

/I Read data every 30 ms
if (millis() - analogSampleTimepoint > 30U) {
analogSampleTimepoint = millis();

/I Store the analog reading into the buffer
analogBuffer[analogBufferIndex] = analogRead(pHSensorPin);

/I Increase the buffer index
analogBufferIndex++;

/I If the buffer index reaches SCOUNT, reset it to O
if (analogBufferIndex = SCOUNT) {
analogBufferIndex = 0;
}
}

/I Convert the median value from the buffer to voltage
float averageV = getMedianNum(analogBufferTemp, SCOUNT) *
(float)VREF / 1024.0;

/I Convert voltage to pH value
pH = 3.5 * averageV + OFFSET;

BH(84 uS/em, 1413 puS/em, 12.88
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Table 6 Turbidity sensor code

/I Convert the analog reading from A6 pin to a voltage value in
the 0-5 V range
float voltage = analogRead(A6) * (5.0 / 1023.0);

// Calculate the NTU value using a polynomial relationship between
the sensor voltage and turbidity
float turb = -1120.4 * pow(voltage, 2) + 5742.3 * voltage - 4352.9;

Table 7 Temperature sensor code

// Convert the analog reading from pin A5 to resistance value (using
the voltage divider principle)
float resistance (1023.0
SERIES RESISTOR;

*

/ analogRead(AS5) 1)

/| Convert the resistance to temperature using the Steinhart-Hart
equation, then convert from Kelvin to Celsius

float temp 1.0 / (A + B * log(resistance) + C *
pow(log(resistance), 3)) - 273.15;

Table 8 Conductivity sensor code

// Convert the analog reading from pin A5 to resistance value (using
the voltage divider principle)
float resistance (1023.0
SERIES RESISTOR;

*

/ analogRead(AS5) 1)

/I Convert the resistance to temperature using the Steinhart-Hart
equation, then convert from Kelvin to Celsius

float temp 1.0 / (A + B * log(resistance) + C *
pow(log(resistance), 3)) - 273.15;
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4.1.2 Turbidity sensor
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Table 9 ECM experimental conditions

Condition Value
Current 10 A
Electrode gap 3 mm

Electrode (cathode) 1.5 mm, Tungsten electrode

Workpiece (anode) SUS304
Electrolyte 0.2 mol of NaCl
Time 5 min
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(b) 7th ECM process workplece result
Fig. 11 ECM process workpiece result
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Table 10 ECM electrolyte data measurement

ECM . Turb. Temp. Cond.
count P NTU [C] ms/cm
0 7.16 3.21 20.81 17.03
0.5 3.84 2.64 21.12 21.19
1 7.27 2.43 20.43 17.12
1.5 3.88 242 21.15 21.18
2 7.40 2.41 20.50 17.10
2.5 3.93 2.40 21.10 21.20
3 7.53 2.39 20.42 17.18
35 3.98 2.38 21.18 21.19
4 7.67 2.37 20.55 17.14
45 4.02 2.36 21.14 21.21
5 7.80 2.35 20.47 17.22
55 4.07 2.34 21.20 21.19
6 7.93 2.33 20.60 17.15
6.5 411 2.32 21.11 21.20
7 8.07 2.31 20.45 17.28
7.5 4.16 2.30 21.24 21.18
8 8.20 2.29 20.62 17.21
8.5 420 2.28 21.19 21.21
9 8.35 2.27 20.67 17.36
9.5 423 2.24 21.32 21.22
10 8.52 2.23 20.73 17.43
9
8 . " g *
- .7.27 h 7.4 72.3 7:37 ;a 7 807 82 8% B
6 7.18 - y '
- 5
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Fig. 12 pH data
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