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Simulation and prediction of surface topography machined by ball-nose end mill
ZHAO Hou-wei ,ZHANG Song ~ ,ZHAO Bin,ZHANG Qing , ZHAO Guo~qiang
(Key Laboratory of High-Efficiency and Clean Mechanical Manufacture, Ministry of Education/School of
Mechanical Engineering, Shandong University, Jinan 250061, China)

Abstract : According to the definition of surface topography, it could be separated into two parts of macroscopic shape
error and microscopic surface roughness. An integrated method which included geometric modeling and neural net-
work was proposed to simulate and predict surface topography. By using the principles of transformation figure ma-
trix and vector operation, the movement path equation of ball-nose end mill versus work-piece was derived. A simu-
lation model for the three-dimensional surface topography generated by a ball-nose end mill was established, which
could predict the shape error. By means of MATLAB software, the Back Propagation (BP) neural network predic-
tion model for surface roughness was established. The accuracy of the simulation and prediction models was verified
by experiments, which indicated the effective prediction for surface topography.
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[2] s s
0

> ’ N

Y b N

[1]
° ’ N b
b
:2013-01-20; :2013-05-14, Received 20 Jan. 2013; accepted 14 May 2013.
(51175309); (201272X04006011) ” . Founda-

tion items: Project supported by the National Natural Science Foundation, China(No. 51175309), the National Science and Technolo-

gy Major Project, China (No. 2012ZX04006011), and the Taishan Scholar Program Foundation of Shandong Province, China.



4 881
. . KiIMm [ R
;CHEN [
H LA- ’
VERNHE [ N-buffer R
’ ’ H ng
; JIAO s o
o 1045
1
; ASILTURK ™ o 1 s
AISI 1040 , (1~16 > 4 (
Ve s fen a, a,) 4
’ ’ ‘8 ( O) H
s ZAIN (17~32 ) 5 ( B
’ Ve~ f; N [N a, ) \4
’ s H (33’\’38 )
;CHEN & (Minimal Quantity B o s 1 7,12,
Lubrication, MQL) 21,27,33
, ) AISI H13,
0 2 3 .
JH970100-TRI-
. 3 BON( 1, 4 o
, 4
, P o
DMG

DMU-70V ( 2)

18 000 r/min,
min,
KO NT9300

o

12 m/min,

15



882

20

B/° v,/ (m/min) f-/(mm/tooth) a./mm a,/mm Spe /pm S./pm
1 0 214 0. 08 0. 2 0. 2 0. 70 0. 151
2 0 251 0. 13 0 3 0.3 1. 09 0. 171
3 0 288 0. 18 0.4 0. 4 2. 41 0. 155
4 0 325 0. 23 0.5 0.5 4,43 0. 170
5 0 325 0. 13 0. 2 0. 4 1L 20 0. 166
6 0 288 0. 08 0 3 0.5 1. 25 0. 172
7 0 251 0. 23 0.4 0. 2 3. 46 0. 180
8 0 214 0. 18 0.5 0.3 391 0. 152
9 0 251 0. 18 0. 2 0.5 1. 16 0. 189
10 0 214 0. 23 0 3 0. 4 1 68 0. 178
11 0 325 0. 08 0. 4 0. 3 3. 47 0. 180
12 0 288 0. 13 0.5 0. 2 3. 15 0. 187
13 0 288 0. 23 0 2 0.3 1L 79 0. 193
14 0 325 0. 18 0. 3 0. 2 2. 49 0. 205
15 0 214 0. 13 0. 4 0.5 2. 85 0. 204
16 0 251 0. 08 0.5 0. 4 3. 88 0. 177
17 3 214 0. 08 0. 2 0. 2 0. 65 0. 157
18 3 251 0. 13 0 3 0. 3 1L 05 0. 154
19 3 288 0. 18 0. 4 0. 4 1 47 0. 161
20 3 325 0. 23 0.5 0.5 2. 37 0. 166
21 6 325 0. 13 0. 2 0. 4 0. 80 0. 145
22 6 288 0. 08 0 3 0.5 1. 07 0. 160
23 6 251 0. 23 0.4 0. 2 1. 93 0. 177
24 6 214 0. 18 0.5 0.3 1L 98 0. 139
25 9 251 0. 18 0. 2 0.5 0. 63 0. 140
26 9 214 0. 23 0 3 0. 4 1 01 0. 154
27 9 325 0. 08 0.4 0.3 1L 63 0. 151
28 9 288 0. 13 0.5 0. 2 227 0. 168
29 12 288 0. 23 0 2 0.3 1. 01 0. 153
30 12 325 0. 18 0. 3 0. 2 0. 96 0. 137
31 12 214 0. 13 0. 4 0.5 L 56 0. 181
32 12 251 0. 08 0.5 0. 4 2. 24 0. 159
33 5 214 0. 23 0. 3 0. 4 1 23 0. 161
34 10 214 0. 23 0 3 0. 4 L 32 0. 155
35 15 214 0. 23 0.3 0. 4 0. 95 0. 146
36 20 214 0. 23 0 3 0. 4 1. 09 0. 147
37 25 214 0. 23 0. 3 0. 4 0. 96 0. 139
38 30 214 0. 23 0 3 0. 4 1. 14 0. 153
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