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Article history:

This study proposes a low-cost masking-based electrochemical machining (ECM)

Rec?i"zd 4 Apr@} 2026 process using polyester tape and laser patterning for fabricating micro-flow
Revise 29 Apri 2026 channels in fuel-cell metallic bipolar plates. We integrated the Taguchi method to
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reduce the number of experiments and a Gaussian process regression (GPR)
model to optimize the current density, gap distance, machining time, and
Keywords: . electrolyte flow rate parameters. ANOVA confirmed that current density and
ElleCtrOChemlcal machining machining time primarily contribute to the machining performance index,
Bipolar plate accounting for more than 90% of the variance. Experiments under the GPR-derived
ThrOUgh'ma.Sk. E(?M optimal conditions showed machining performance consistent with predictions
Process optimization within the error margin . Three-dimensional surface measurements demonstrated
Taguchi method uniform channel profiles with a target depth of approximately 200 um. These
Gaussian process regression findings suggest that the proposed masking-based ECM process can be utilized for
manufacturing metallic bipolar plates by optimizing process parameters using the

Taguchi method and a GPR model.
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Fig. 1 (a) Conventional pre-machining flow channel (b) Proposed
flow channel

Table 1 Process and equipment comparison between photolithography
and polyester tape masking
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Fig. 2 (a) Photograph of ECM cell (b) schematic diagram of
ECM cell (¢) schematic diagram of the multi-layered
stacked ECM experimental setup
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Table 2 Process parameters levels

Process parameters | Level 1 | Level 2 | Level 3 Unit
Current density (J) 3 5 7 Alem?
Gap (g) 0.65 0.45 0.25 mm
Machining time (t) 60 120 180 s
Flow rate (Q) 0.8 1.0 1.2 L/min
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Table 3 Experimental conditions based on Taguchi L9 orthogonal

Table 4 Experimental conditions for validation set based on

aray (7-9 set) distance-balanced hierarchical sampling (V-9 set)

R P e S S L el P S

1 3 0.65 60 0.8 1 5 0.45 60 0.8

2 3 0.45 120 1.0 2 3 0.45 60 1.2

3 3 0.25 180 12 3 7 0.65 120 0.8

4 5 0.65 120 1.2 4 3 0.65 180 1.0

5 5 0.45 180 0.8 5 5 0.25 180 1.0

6 5 0.25 60 1.0 6 7 0.25 60 1.2

7 7 0.65 180 1.0 7 7 0.65 180 1.2

8 7 0.45 60 1.2 8 3 0.65 120 0.8

9 7 0.25 120 0.8 9 7 0.25 180 0.8
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Table 5 Cross-sectional shapes for Taguchi and validation sets

Run ID T 9 Shape V9 shape
1 % W
2 w w
3 w U
4 w W
5 U W
6 w w
7 U W
8 w W
9 U U
Table 6 Experimental parameters and MPI results for Taguchi(Z_9)
Run ID |J (A/em®) | g (mm) | ¢ (s) | O (L/min)| MPI
1 3 0.65 60 0.8 0.149
2 3 0.45 120 1.0 8.986
3 3 0.25 180 1.2 14.798
4 5 0.65 120 1.2 72.953
5 5 0.45 180 0.8 100.722
6 5 0.25 60 1.0 36.736
7 7 0.65 180 1.0 179.262
8 7 0.45 60 1.2 57.529
9 7 0.25 120 0.8 125.450
4.2 R 24 7ok T} 24
378 W7t 718 /g5 ARl mlAls A AY F1elA 9] AAl
A, A9 Fa3Hmain effect)S 35}7] A3l T L9 2] as
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Table 7 Experimental parameters and MPI results for validation

set

Run ID |J (A/em?)| g (mm) | ¢ (s) |Q (L/min)| MPI
1 5 0.45 60 0.8 9.912
2 3 0.45 60 12 0.027
3 7 0.65 120 0.8 169.920
4 3 0.65 180 1.0 13.599
5 5 0.25 180 1.0 65.720
6 7 0.25 60 12 44.440
7 7 0.65 180 12 126.690
8 3 0.65 120 0.8 11.174
9 7 0.25 180 0.8 123.021

Table 8 LOOCYV predictive performance comparison

Algorithm R? Score RMSE MSE
GPR 0.8478 22.553 508.639
RF 0.7552 28.6048 818.232
SVR 0.0806 55.4346 3072.994
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Z¥o] SVR &El2 R* 0.08062 7|23l otaAghe Bk v
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