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ABSTRACT: The rotational groove structure is a class of important structure on the mechanical parts. However, it is difficult to
finish the surface because of the limitation of the structure. This work aims to realize the finishing of rotational groove structure
by electrochemical abrasive belt finishing. Considering the characteristic of the groove structure, the suspension cathode was
adopted to control the machining gap. By comparing the difference of the surface topography obtained by abrasive belt polishing
with and without electrochemical action and studying the change rule of surface topography during the machining process, the

influence mechanism of electrochemical action and mechanical action on surface topography and accuracy characteristics was
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studied. The influence of process parameters on the roundness and surface roughness was studied to obtain the optimization

range of each process parameter by the single factor experiment. The importance of process parameters’ influence on the surface

roughness and the roundness was obtained by orthogonal experiment and the extreme difference analysis. The optimum range of

process parameters for surface roughness and roundness was determined by the results of single factor and orthogonal experi-

ments. When the abrasive belt was free from axial movement, this method could machine with small gap steadily and achieve

the excellent surface quality and precision. The influence of mechanical parameters on the surface roughness is more important

than the electrochemical parameters, and the abrasive belt pressure is the most important influencing factor. The influence of

electrochemical parameters on the roundness was more important than the mechanical parameters and the current is the most

important influencing factor. Electrochemical abrasive belt finishing is an effective method to finish the surface of the rotational

groove where is difficult to conduct axial movement of abrasive tool.

KEY WORDS: electrochemical machining; electrochemical abrasive belt finishing; finishing; rotational surface; groove
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Tab.1 Experimental conditions
Parameters Range of parameter values
Size/mm #95%x16x1/3 (Using 1/3 of the whole round surface)
Cathode Outlet size/mm @912
Material 2Crl3
Size/mm #95%x17.5
Workpiece Material GCrl5
Original surface roughness/pm Ra=1.406, R,=7.6272, R,=8.9637, §,,=52
Output capacity/(kV-A) 20
Power supply Input voltage/V 380
Output voltage/V 0~30
Maximum output current/A 100
Flowrate/(L-h™") 200~600
Electrolyte Pre.ssgre/MP.a 0.030~0.070
Main ingredients NaNO;+Others
Mass fraction/% 10~25
Machining current/A 10~50
Machining gap/mm 0.05~0.20
Range of the main Revolving speed of workpiece/(r-min™") 300~800
experimental parameters Abrasives pressure/MPa 0.05~0.15
Machining time/s 10~60
Abrasives and granularity/pm PZ533 Belt, 30
Measuring device Roughness meter YS2205B
Roundness meter YS2901

1—Slider rail; 2—Cathode; 3—Workpiece;
4—Core clamper; 5S—Abrasive belt; 6—Electrolyte;
7—Electrolyte circulation system; 8—Power supply
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Fig.2 Equipment of electrochemical abrasive belt finishing
for rotating parts with suspended cathode
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Fig.3 Comparison of surface profile with and without
electrochemical action: a) without electrochemical effect,
b) with electrochemical effect
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Tab.2 Comparison of surface profile parameters with and without electrochemical action

Without electrochemical effect

With electrochemical effect

Roughness parameters

Ra R, R, S, Ra R, R, S,

Before machining/pm 0.41 3.74 3.14 314 0.39 4.25 3.36 19.5

After machining/pm 0.30 3.98 2.84 28.5 0.22 2.29 1.80 24.4

Variation/um -0.11 0.24 -0.30 -2.9 -0.17 -1.96 -1.56 4.9

Amplitude of variation/% 26 -6 9 9 43 46 46 -25
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Fig.4 Dissolution of anodic mirco-profile: a) profile angle is e, b) profile angle is f(f>a)

K5 Sgtbafi oA 1)z 3 25 1F A oA E A
AAFHOIXPERE X G, T DL PR X RO 2 ThT A 40 £
FHAEAG LAl AV T B4 2 ThT A SRUEEAR:, AT 18 FH A
2 TH] A SOV 3P0 22 D v A 2 A T T B 2R WA e
PR TSR, X R AN AERD A A SO0 1) 32 Bl
PRIRAL o WA A E A P 3 T3 1 3 T ol R 88 X
o, B TR,

32 IZSHXIMIMRERMMm ==RFS|
3.2.1 SERigit

FL AR 2 S 6 T TR [ e R 2 AR 3 T e
JER) B RS AR TR mbi R |
PHFGHE T TRISE , B RN RS0 584035 3 .



Fa1k HTH PEAELC AR AL A R B N T Il B i R 9 i 11 T 550 25 K e <77 -

Abrasive belt 3.2.2 MIHEFEHRI
FRIEPRITRARA UNFEL 6 T3, T B 2 TR B i 75 T 5 K 0
Workpiece kRSB, M 25 A I, WECIEEE Bk,
- (5 B R RAA W fRAR, HLLAE 20 A BRI, (3 EE{E
a WAL HILEE F1 28 AV W B
Abrasivebelr loxide . 3.2.3 NI IEFEHIFE
Sy Yy B 7 B 7, 0T 5 35 AL FE 5 1 280 2
NN v/ L ABRAR, 01T B 0.09 mm BT , T
92 s FEE 2 R 3 05 [ B (0 e {0 B ot o T
Polishing effect () B L ) 9 /DN 52 3 R e, (HL ) i ik /N B8] — o R
of abrasive belt y 5, AR FREAS, S BATE 0.15 mm (HER, [
mecmytem i (A AT B 0

Selective dissolution+Peak

3.2.4 G ENEIMm
Wk 8 Btz , N 15 2 T kURE B 2 S ALV |

dissolution+Lateral dissolution

b LR A TRLARER . B HAE 700 t/min BRI, FTTHDAEE
IS H Ak PR P X B 0 B 0 B 1 S SRR B f Rk . 3R [ B2 (B B ReAIR, b F
Fig.5 Influence of electrochemical action on abrasive belt FERAE 600 r/min FEUTE, 158 BEAE RO RR AR B2 e K

polishing micro-profile: a) conventional belt polishing,
b) electrochemical abrasive belt polishing
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Tab.3 Parameter value of single factor experiment

Working current/A  Machining gap/mm  Workpiece revolving speed/(r-min™') Abrasives pressure/MPa  Machining time/s

15, 20, 25, 30 0.15 600 0.10 20
20 0.09, 0.12, 0.15, 0.18 600 0.10 20
20 0.15 400, 500, 600, 700 0.10 20
20 0.15 600 0.08, 0.10, 0.12, 0.14 20
20 0.15 600 0.10 20, 30, 40. 50

Current/A Current/A
b IR I
4
g
3
<
E
&
30
-2
Current/A Current/A Current/A
c XR, IS d XIS e XTI B
XTI QOriginal After machining =1 Varation — Varation fitted curve

K6 T R 4 i S A 52
Fig.6 Influence of machining current on profile parameters: a) influence on Ra,
b) influence on Ry, ¢) influence on R,, d) influence on S, e) influence on roundness
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Fig.7 Influence of machining gap on profile parameters: a) influence on Ra,
b) influence on Ry, ¢) influence on R,, d) influence on S, e) influence on roundness
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Fig.8 Influence of workpiece revolving speed on profile parameters: a) influence on Ra,
b) influence on Ry, c¢) influence on R,, d) influence on Sy, €) influence on roundness
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Fig.9 Influence of abrasive belt pressure on profile parameters: a) influence on Ra,
b) influence on Ry, c¢) influence on R,, d) influence on Sy, €) influence on roundness

0.5
04}
0.3
g o2}
& 01f
0
—0.1¢
-0.2
Time/s Time/s
a XTRaBIFEI b R, IR
60 5
4 4
ERE
@ 2 2|
20 0
s
-2 -2
Time/s Time/s/ Time/s )
—— d X S.HIRI e X[ BE R
0 Original ez After machining ===m Varation — Varation fitted curve

10 i T [ % 4 B 2 K i
Fig.10 Influence of machining time on profile parameters: a) influence on Ra,
b) influence on Ry, ¢) influence on R,, d) influence on S, ) influence on roundness
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Tab.4 Factors and levels of orthogonal experiment

Level Machining current/A Machining gap/mm  Revolving speed of workpiece/(r-min™') ~ Abrasives pressure/MPa
1 20 0.10 200 0.10
2 30 0.15 400 0.15
3 40 0.20 600 0.20
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Tab.5 Data of orthogonal experiment

pa%

Serial Working Machining Revolving §peed Abrasives Ra/pm Ry/um
number cu/rrAent gap/mm of worl.<p_11e o Lihytia Original Af‘Fer. Variation Original Aft.er. Variation
/(rmin”") /MPa & machining ariatio gina machining °
1 20 0.20 400 0.15 0.384 0.287 0.097  4.451 2.907 1.544
2 20 0.15 600 0.10 0.248 0.159 0.089 2.571 1.696 0.875
3 20 0.10 200 0.20 0.344 0.215 0.129 3.683 2.149 1.534
4 30 0.20 600 0.20 0.402 0.203 0.199  4.500 2.332 2.168
5 30 0.15 200 0.15 0.420 0.301 0.119 3.733 5.412 —-1.670
6 30 0.10 400 0.10 0.228 0.147 0.081 2.427 1.540 0.887
7 40 0.20 200 0.10 0.247 0.145 0.102  2.900 1.633 1.267
8 40 0.15 400 0.20 0.383 0.250 0.133 3.599 3.258 0.341
9 40 0.10 600 0.15 0.216 0.100 0.116 2.974 1.444 1.530
) R,/pm Sm/pm Roundness/pum
Serial
number Original Aft.er. Variation  Original Af‘Fer. Variation Original Aft.er. Variation
machining machining machining
1 3.260 2.301 0.959 19.5 24.8 =53 2.26 2.14 0.12
2 2.052 1.343 0.709 16.9 23.6 —-6.7 2.23 1.15 1.08
3 2917 1.867 1.050 20.0 28.6 -8.6 4.21 3.63 0.58
4 3.393 1.922 1.471 19.5 343 -14.8 1.76 1.63 0.13
5 3.179 2.765 0.414 20.2 29.3 -9.1 3.63 3.23 0.40
6 1.930 1.215 0.715 17.3 22.8 -5.5 1.49 0.39 1.10
7 2.138 1.253 0.885 17.2 18.9 -1.7 1.45 3.23 -1.78
8 3.083 2.157 0.926 19.6 28.4 -8.8 3.11 3.35 —-0.24
9 1.967 1.086 0.881 16.8 21.8 -5.0 3.33 3.44 —-0.11
*6 REMEEEHNRESN x7 BEWNRESNT
Tab.6 Extreme difference analysis of surface roughness Tab.7 Extreme difference analysis of roundness
% %
. . Revolving . . . Revolving .
Factor Working  Machining speed of Abrasives Factor Working Machining speed of Abrasives
current gap workpiece pressure current gap workpiece pressure
1 323 41.6 34.7 37.7 1 0.24 17.3 7.9 21.3
2 38.0 335 31.4 32.6 2 23.70 13.8 14.3 3.0
3 41.5 38.6 46.8 16.7 3 -26.90 -27.9 15.0 5.0
Range 9.20 8.1 15.4 21.0 Range 50.60 45.2 7.1 18.3
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Tab.8 Optimized machining conditions

Parameters Value
Working current/A 20
Machining gap/mm 0.15
Abrasives pressure/MPa 0.12
Revolving speed of workpiece/(r-min™") 600
Machining time/s 20
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Fig.11 Surface roughness profile before and after machining:
a) before machining, b) after machining
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Fig.12 Surface roundness profile before (a) and after (b) machining
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Tab.9 Comparison of profile parameters
before and after machining

Parameters Ra R, R, S, Roundness

Before machi-
ning/pum
After machining/pum 0.267 2.698 2.231 24.600 2.210
—0.223 -2.209 -1.720  4.000 —0.880

0.490 4.907 3.951 20.600 3.090

Variation/um

Amplitude of

variation/% 46 4 a4 19 28
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