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Abstract: The changes in surface morphology and processing ability were investigated during pulse electrochemical finishing (PECF)
of 304 stainless steel surfaces. To realize optimal surface finishing effects, the turning and grinding surfaces were processed via PECF.
Surface profile images and roughness parameter values were obtained using a probe-type roughness meter. These data were analyzed
and summarized to understand the changes in surface topography characteristics during processing. Variance analysis was performed
on the surface roughness before and after machining to verify the rules governing surface topography changes during the process.
Scanning electron microscope(SEM) and atomic force microscope(AFM) were employed to observe and compare surface
micro-morphology before and after processing, confirming the leveling ability of PECF. During machining, height parameters Ra and
R. exhibited similar overall change trends, with “inflection points” appearing at 17.5 s and 7.5 s, respectively. The width parameter
R, showed a pattern of initially rising and then falling to varying degrees. A one-factor variance analysis of the roughness parameters
of the two surfaces before and after processing revealed that the / values of the roughness parameters Ra, R., Ry, R, and R, of the
two surfaces before processing were greater than Fy g 4=21.198, indicating that there were significant differences in various
roughness indicators between the turning and grinding surfaces. However, after PECF processing, the F values of roughness
parameters Ra, R., R,, R., and R, of the two surfaces were less than Fs.4=7.708, indicating that there were no significant
differences in surface roughness indices after the two surfaces were processed via PECF, and the surface topography became more
uniform. The post-processing roughness values Ra, R., and Ry, for both surfaces were of the same order of magnitude, and they were
approximately 0.09 um, 0.7 pm, and 50 pm, respectively. The surfaces displayed good integrity and high quality. PECF led to

different morphology changes in the turning and grinding surfaces. There was an intermediate process in the turning surface of the
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original surface morphology when compared to the surface morphology by PECF, where micro-burrs were leveled while
macro-contour undulations retained turning contour characteristics. This finding suggests a potential new method for forming
functional surface topographies with specific requirements. Conversely, the grinding surface morphology quickly transformed into the
surface morphology by PECF in a short time. By combining SEM and AFM images with the statistical analysis of the surface
topography parameters, it can be concluded that turning + PECF processing can realize a similar surface topographic effect as turning +
grinding + PECF processing. Direct PECF processing on the turning surface can significantly reduce surface roughness values R, and
R,. Through short-duration, single-step processing, the resulting surface roughness range can surpass that obtained by grinding, which
is beneficial for shortening the processing cycle and enhancing efficiency. PECF machining is a valuable method for processing parts
with rough original surfaces or thin-walled parts that are challenging to grind. PECF after turning can become a new machining
approach for functional surface morphologies with specific requirements.
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Fig. 2 Experimental device of PECF with a scanning cathode
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Table 1 Experimental conditions
Experl'rr.l ental Machining conditions Value
conditions
Material 304 stainless steel
Diameter @/ mm 40
Workpiece Length / mm 260
Initial roughness of turning 2.50-2.60
surface Ra / pm
Initial roughness of grinding 0.6-0.7
surface Ra/ um
Material 304 stainless steel
Cathode Width / mm 14
Thickness / mm 2
0,
Electrolyte Main compositions 20%NaNOs +
water
Voltage / V 0-36
Pulse power Electric current / A 0-200
supply Duty ratio / % 0-100
Pulse frequency / Hz 1-10
Surface roughness measuring LINKS 22508
instrument
Measuring Scanning electron microscope
instrument SEM JCM-6000PLUS
Atomic force microscope AFM Bioscope resolve
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Table 3 Experimental parameters

Parameter Value
Processing voltage / V 31
Rotate speed / (r » min~") 300
Initial machining clearance / mm 0.4
Pulse frequency / kHz 8
Power duty cycle / % 50
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Table 4 Roughness indexes of workpiece surface
No. of group Status of surface No. of workpiece Ra / pm R./pm Ry / pm R./ pm R,/ um
Ay 2.508 11.580 165.300 9.208 2.969
Turning surface Ar 2.545 11.327 140.300 8.668 2.980
X Az 2.564 11.108 145.900 8.763 2.982
B 0.658 6.023 31.500 1.848 0.878
Grinding surface B 0.648 5.754 33.600 1.689 0.857
B; 0.713 5.859 33.700 1.827 0.931
a 0.102 0.870 52.050 0.265 0.135
T“mingpsg‘éf;‘“ after a 0.100 0.708 50.450 0223 0.126
as 0.102 0.713 49.650 0.217 0.128
? bi 0.105 0.797 53.750 0.280 0.102
Gr;“f‘tiei‘r‘%é‘g;ace b 0.098 0.813 44250 0243 0.097
b3 0.116 1.005 58.750 0.331 0.109
*5 F1ESTIRREERAZSH
Table 5 One-way ANOVA of group 1
Factors DOF SS MS F P-value Fy
Ra 1 5.2229340 52229340 5130.583 497 1** 0.000 000 2
Error 4 0.004 072 0 0.001 018 0
Total 5 5.227 006 0
R 1 44.711 9402 44.711 940 2 1205.617 707 3** 0.000 004 1
Error 4 0.148 3453 0.037 086 3
Total 5 44.860 285 5
R 1 20 732.881 666 7 20 732.881 666 7 238.770 974 5 ** 0.000 102 4
Error 4 347.326 666 7 86.831 666 7 1;22;12317(1)38
Total 5 21080.208 333 3
R. 1 75.437 604 2 75.437 604 2 1 665.853 140 1%* 0.000 002 2
Error 4 0.181 138 7 0.045 284 7
Total 5 75.618 742 8
R, 1 6.541 704 2 6.541704 2 8 433.653 846 2** 0.000 000 1
Error 4 0.003 102 7 0.000 7757
Total 5 6.544 806 8
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Table 6 One-way ANOVA of group 2

Factors DOF SS MS F P-value F,
Ra 1 0.000 037 5 0.000 037 5 0.896 414 3 0.397 356 5
Error 4 0.000 167 3 0.000 041 8
Total 5 0.000 204 8
R. 1 0.017 496 0 0.017 496 0 1.599 000 8 0.274 704 4
Error 4 0.043 767 3 0.010941 8
Total 5 0.061 263 3
Rom 1 3.526 666 7 3.526 666 7 0.126 532 3 0.740 021 4 Foorra=21.19
Error 4 111.486 666 7 27.871 666 7 Fo.0501.4 =7.708
Total 5 115.013 3333
Re 1 0.003 700 2 0.003 7002 2.807 0553 0.169 160 2
Error 4 0.005272 7 0.001 318 2
Total 5 0.008 972 8
Ry 1 0.000 054 0 0.000 054 0 0.549 1525 0.499 809 0
Error 4 0.000 393 3 0.000 098 3
Total 5 0.000 447 3
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Table 7 Grouping of one-way ANOVA

No. of group
Surface
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Turning surface 0s 25s S5s 7.5s 10s 125s 155 175s  20s 225s  25s 275s 30s 325s 35s
And And And And And And And And And And And And And And And
Grinding surface ~ 2.5s 5s 75s 10s 125s 15s 175s  20s  225s 25s  275s 30s 325s 35s 37.5s
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