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ABSTRACT: The work aims to propose the modified surface roughness evaluation indexes based on topography and the pre-
diction model since the traditional surface roughness indexes have limitations on the evaluation of cavity defect in the grinding
process of SiC,/Al composite. The contour map was constructed based on surface topography to obtain the relationship curve
between the projection area of adjacent contour and contour height. The average deviation of whole topography to the sampling
area and the maximum deviation height index of cavity defect were proposed to characterize grinding surface quality including
cavity defect. Based on Support Vector Machine (SVM), the two prediction models of average deviation of topography and the
maximum deviation height of cavity were proposed and optimized and the influence of laws of grinding parameters on evalua-
tion index was analyzed. The evaluation indexes of the average deviation of whole topography and the maximum deviation

height of cavity defect included more surface features. The errors between the predicted and experimental results were both
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within 5% and decreased with the increase of wheel speed, and increased with the increase of feed speed and grinding depth. It

is reasonable to use the arithmetic average deviation of topography and the maximum deviation height of cavity to evaluate the

grinding surface quality including pit defects, and the measurement and determination method of evaluation index is feasible

and effective. The prediction method of evaluation index based on support vector machine is correct, which lays a foundation for

the evaluation of grinding surface quality of aluminum-based silicon carbide and the study of application performance.

KEY WORDS: aluminum-based silicon carbide; grinding process; surface topography; cavity defect; average deviation; sup-

port vector machine
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Tab.1 Properties of SiC,/Al composite
SiC particle Thermal conductivity/ Thermal expansion Density/ Heat capacity/ Elastic
content/% (W-m™ K™ coefficient/(mm?*s™") (g-em™) J-g K™ modulus/GPa
70 226.4 90.105 2.97 0.846 190
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Fig.1 Micro-topography of SiCp/Al composites grinding surface
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Fig.8 Area ratio between contours and contour height
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Tab.2 Experimental results for mean deviation of surface topography and the maximum deviation height of cavity defect

No. vy/(m-s™) (m~vmwi/n’1) ay,/um Raj/pm Rz /pm No. vd/(m-s™) (m.vmwi/n’l) a,/pm Ra/um  Rz/um
1 20 1 2 0.712 6.568 15 25 2 10 1.042 14.801
2 20 1 6 0.829 9.708 16 25 3 0.918 9.579
3 20 1 10 0.937 11.408 17 25 3 6 1.065 13.975
4 20 2 0.842 8.623 18 25 3 10 1.189 16.931
5 20 2 0.994 12.511 19 30 1 0.739 5.632
6 20 2 10 1.111 14.959 20 30 1 0.801 9.543
7 20 3 0.948 9.972 21 30 1 10 0.863 10.763
8 20 3 6 1.121 14.608 22 30 2 0.820 8.508
9 20 3 10 1.279 17.804 23 30 2 0.903 11.876
10 25 1 0.724 6.036 24 30 2 10 0.987 13.884
11 25 1 6 0.812 9.505 25 30 3 0.885 9.427
12 25 1 10 0.889 10.965 26 30 3 1.003 13.583
13 25 2 0.838 8.445 27 30 3 10 1.113 16.299
14 25 2 6 0.946 12.093
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Tab.3 Verification parameters and
results of predicted model

v/ v/ v/ Vol
No. (m~s’1) (m~min’1) ap/pmj No. (m~s’1) (m~min’1)a"/“m
1 20 3 8 5 22.5 1 8
2 20 1.5 4 6 22.5 1 2
3 17.5 2.5 8 7 25 2 4
4 17.5 1.5 4 8 25 2 8
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Fig.12 Comparison of the predicted and experimental results

Bt Ko 25 5 B 5 T 25 R i A YR 257 5% LA,
UOUF T F T 1 AL AY 40 L Bk AL A R 1) = 4B S AR
S 347 i 22 S 56 T 1Y 5 e R Ml S e EE O A Y ) o
i

5 #Hit

1) WL T FRFEmR AR I ) SR T OUUE B, KB
i ek PR B 20 R I 77 A ML R B , B XS HAR
V6 2E Ra PEANTTL BRI BRYE XS 45 i 22
WAEPS Ra AT TRBERIANTE, 4R T =40EHH A
P2 Rag FMITCRR KA 2 = B Rz TR AR AR
e PR S 1) 3 T i

2) FETHEEHIFRE 4Ll T RLE,
T AR A AR R AL TR AR o LS R e RE R S Rl £k
T =AU A 22 Rag M1 K A 2 e
J& Rz PPN AR PRAOBAE T ik, LTk AT ROt RS
2 MG R o 1) S e T ek 1 2 T B EE PEAN R A o

3) S S WA AR ZETE 5% AN, Bk 7T
S ) AL A0 AR AR B AL R I I R T — 4B SR
A3 i 22 A0 M1 S e R v 25 i JRE N A8 2 4 TE R

B E WK
[1]  GB/T 131—2009, =& JLfTH AR FIE(GPS)H A il 3C

PF R TS I AR [S].

GB/T 131—2009, Representation of surface structure in

[7]

(9]

[12]

the product geometry specification (GPS) technology
product file[S].

MAO C, LIANG C, ZHANGY, et al. Grinding character-
istics of CBN-WC-10Co composites[J]. Ceramics inter-
national, 2017, 43: 16539-16547.

ZHANG L, REN C, JI C, et al. Effect of fiber orientations
on surface grinding process of unidirectional C/SiC com-
posites[J]. Applied surface science, 2016, 366: 424-431.
LIU C, DING W, YU T, et al. Materials removal mecha-
nism in high-speed grinding of particulate reinforced tita-
nium matrix composites[J]. Precision engineering, 2018,
51: 68-77.

LIU Q, HUANG G, FANG C, et al. Experimental investi-
gations on grinding characteristics and removal mecha-
nisms of 2D-C¢/C-SiC composites based on reinforced fi-
ber orientations[J]. Ceramics international, 2017, 43:
15266-15274.

XUZR, R, D, . 2D-C/SIC sl B IR
PE S RBRBLHI[T]. AR, 2012, 29(4): 113-118.
LIU Jie, LI Hai-bin, ZHANG Xiao-yan, et al. Investiga-
tion of grinding characteristics and removal mechanisms
of 2D-C/SiC in high speed deep grinding[J]. Acta mate-
riae compositae sinica, 2012, 29(4): 113-118.
CHOUDHARY A, NASKAR A, PAUL S, et al. Effect of
minimum quantity lubrication on surface integrity in
high-speed grinding of sintered alumina using single layer
diamond grinding wheel[J]. Ceramics international, 2018,
44(14): 17013-17021.

LIU W, DENG Z, SHANG Y, et al. Effects of grinding
parameters on surface quality in silicon nitride grind-
ing[J]. Ceramics international, 2017, 43: 1571-1577.
ZHENG W, ZHOU M. ZHOU L. Influence of process
parameters on surface topography in ultrasonic vibration-
assisted end grinding of SiC,/Al composites[J]. Interna-
tional journal advanced manufacturing technology, 2017,
91:2347-2358.

o, WA, TEIRAE. PG5 2 S AR HI AL ALY
FMEHOWHFZE[I]. e T 2440, 2008, 29(12): 1492-1496
ZHENG Lei, YUAN Jun-tang, WANG Zhen-hua. Micro-
scopic study of ground surfaces of drilled holes in fiber
reinforced plastics [J]. Acta armamentarii, 2008, 29(12):
1492-1496.

A, 2], SOLE. N T2 Ao s RE PR
TUBEIET ], ARAEREA2A, 2005(8): 770-773.
XIU Shi-chao, LI Chang-he, CAI Guang-qi. Modification
for theoretical model of ground surface roughness[J].
Journal of Northeastern University, 2005(8): 770-773.
LIPINSKI D, BALASZ B, RYPINA L. Modelling of
surface roughness and grinding forces using artificial
neural networks with assessment of the ability to data
generalisation[J]. International journal advanced manu-
facturing technology, 2018, 94: 1335-1347.



£ 248 -

EN TR NN

2019 4 3 H

[13]

YU H, WANG J, LU Y. Simulation of grinding surface
roughness using the grinding wheel with an abrasive phy-
llotacticpattern[J]. International journal advanced manu-
facturing technology, 2016, 84: 861-871.

ZHANG J, WANG L, TIAN F, et al. Modeling study on
surface roughness of ultrasonic-assisted micro end grind-
ing of silica glass[J]. International journal advanced man-
ufacturing technology, 2016, 86: 407-408.

KAGH, FEE, VFHSE. MZ080 i FEAE P
BRI, BRI TR, 2010(2): 53-56.

ZHU Chuan-min, TANG Jun, XU Tian-gui. The applica-
tion of concave polygon convex decomposition algorithm
to rapid prototyping[J]. Modern manufacturing engineer-
ing, 2010, 2: 53-56.

[16]

[17]

W, R R, FREEFE. B IEREAEN 2L ARG N T
FEDHLRE B TN 74 (7], RMELAR, 2018, 47(9): 240-
249.

XIE Nan, ZHOU Jun-feng, ZHENG Bei-rong. An app-
roach for surface roughness prediction in machining
based on multi-sensor fusion considering energy con-
sumption[J]. Surface technology, 2018, 47(9): 240-249.
RO, HHE, SOUR, 5. BT ZHEmLnyf ke
I 8418 MY LS KL B[], v ALK T A2,
2018(4): 771-774.

YU lJian-wu, HU Qi-feng, WEN Zheng, et al. Prediction
model of surface roughness of 8418 steel by EDM based
on SVM[J]. China mechanical engineering, 2018(4): 771-
774.



