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Modeling and Analyzing of a Machining-feature-oriented Initial
Evolution Network Based on Multi-stage Manufacturing

ZHANG Fuqiang' HE Jianting® SU Jinzhan'
(1. Key Laboratory of Road Construction Technology and Equipment of MOE Chang’an University Xian 710064 China;
2. Zhengzhou Research Institute of Mechanical Engineering Zhengzhou 450052 China)

Abstract: In multistage manufacturing it is essential to meet the quality requirements of form and
precision for machining features. First the classification of machining features was carried on and the
association relationships among machining features were defined. Then machining features were mapped
into the network nodes; and the association relationships among machining features were mapped into the
network edges. A machiningfeature-oriented initial evolution network was established and degree/
betweeness were used to analyze the network performance. Finally a case study was used to verify the
proposed method. Tt is expected that this study can reveal the evolution rule of machining features in
multi-stage manufacturing and provide a theoretical support for identifying the key machining state
parameters.
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Fig.2 Reference relationship between machining features
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Fig.3 Evolution relationship between machining features
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Fig.5 Flow chart of modeling and analyzing the MFHEN
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Fig.7 Procedure drawing of gear shaft in the rough machining stage
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1
Table 1 Process route of gear shaft in rough machining stage
1 A ¢72 B d75
2 B
3 B @75 A ¢72
4 A
5 A $62
6 A 1 2
7 A ¢80
8 A 2 2
9 A $96
10 A 3 2
11 B $80
12 B 2 Cc2
13 B P65
14 B 1 C2
A 1
1) 8
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Fig.8 Machining feature identification of the gear shaft
2
Table 2 Machining feature coding of gear shaft in rough machining stage
D 1 2
1 050101 010000
050001 010000
2 050201 010000
3 010101 050001
010001 050001
4 010201 050001
5 010002 010201 050201
6 010301 010201 050201
7 020001 010201 050201
8 020201 010201 050201
9 030001 010201 050201
10 030201 010201 050201
11 040001 010201 050201
12 030401 010201 050201
13 050002 010201 050201
14 050301 010201 050201
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Table 3 Partial adjacency matrix A

ID 050101 050001 050201 010101 010001 010201 010002 020101 010301

050101 1 0 0 0 0 0 0 0 0
050001 0 1 0 1 1 1 0 0 0
050201 0 1 1 0 0 0 1 1 1
010101 0 0 0 1 0 0 0 0 0
010001 0 0 0 0 1 0 1 0 0
010201 0 0 0 0 1 1 1 1 1
010002 0 0 0 0 0 0 1 0 0
020101 0 0 0 0 0 0 0 1 0
010301 0 0 0 0 1 0 0 0 1
4
Table 4 Partial calculated results of MFJEN
( 10) ( 10)
D 1D
1 010201 18 0.46 010000 77.0 5.20
2 050201 17 0.44 050201 61.0 4.12
3 010000 9 0.23 010201 33.0 2.22
4 050001 6 0.15 050001 13.5 0.91
5 030001 6 0.15 030101 13.0 0. 88
6 010001 5 0.13 020101 8.0 0.54
7 040001 5 0.13 030100 6.0 0.40
8 050002 5 0.13 010101 5.0 0.34
9 050000 5 0.13 050101 4.5 0.30
10 010301 4 0.10 050002 4.5 0.30
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Fig.9 Machiningfeature-oriented initial evolution

Canililil
020101 —=@ 020100 2)

network of the gear shaft



839

CAPP M .
2004: 49-65.

J. 2010(2) : 1421.
LIUD Y JIANG P Y. Fluctuation analysis of process flow
based on error propagation network ]
Mechanical Engineering 2010( 2) :
DEJA M  SIEMIATKOWSKI

generation of machining process plans for optimised parts

Journal of
1421. (in Chinese)
M S.

Feature-based

manufacture J . Journal of Intelligent Manufacturing

2013 24(4): 831-846.

J. 2003 29(4): 391395.

WANG D K LIU Y F CAO R et al. Characteristic
information modeling of gyratory parts J . Journal of

Beijing University of Technology 2003 29(4): 391-395.
(in Chinese)

I
2007 13(6): 10614065 1070.
LISY LONG HN YIN G F et al. Manufacturing

process resource modeling & retrieval method based on
features J . Computer Integrated Manufacturing System
2007 13(6): 10614065 1070. (in Chinese)

MANAFI D NATEGH M J PARVAZ H. Extracting the
manufacturing

information of machining features for

computer-aided process planning systems J . Proceedings

11

12

of the Institution of Mechanical Engineers Part B: Journal

of Engineering Manufacture 2016: doi
0954405415623487.

SHAH JJ MANTYLA M NAU D S. Advances in feature
based manufacturing M . Amsterdam: Elsevier 2013: 1-

14.

2009 17(4): 31-37.
LIU J X. Complex network and review of domestic research
2009 17(4): 3137.

J . Journal of System Science

(in Chinese)

J. 2016 19(6): 1-8.
ZHANG F Q JIANG P Y. A complex network theory
application research for production process in a discrete
manufacturing floor J . Industrial Engineering Journal

2016 19(6) : 1-8. (in Chinese)

2015 21(12): 3166-3173.
LIUX M ZHOU Y HUANG J F

feature recognition method for complicated boxy parts

et al. Machining

manufacturing resources ] Computer

Integrated Manufacturing Systems 2015 21( 12) : 3166—
3173. (in Chinese)

based on

M .

: 2006: 75-93.
BOCCALETTI S LATORA V. MORENO Y et al.
Complex networks: structure and dynamics J . Physics

Reports 2006 424(4): 175-308.

( )



