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Optimization Method of Process Routes for Housing Parts under
Low-carbon and Low-cost Constraints

ZHANG Lei ZHAO Xikun JIANG Shixin SONG Haoda
School of Mechanical Engineering, Hefei University of Technology,Hefei, 230009

Abstract: Aiming at optimizing the low-carbon and low-cost of process routes during the proces-
ses of process design for housing parts, the machining features of complex housing parts were ana-
lyzed. On the basis of machining step sequencing principles and machining process routes, according
to the polychromatic sets theory, the “feature-step” and “feature-face” contour Boolean matrixes of
the step sequencing problem were constructed. A multi-objective optimization method of machining
process routes was proposed, which took the lowest total carbon emissions(low-carbon) and minimum
total processing costs (low-cost) as the optimization objectives. And the optimum solution was ob-
tained by applying improved genetic algorithm to solve the machining step sequencing problem. A
housing part was taken as an example to verify the effectiveness and feasibility of the proposed optimi-
zation method.

Key words: housing part; process route; polychromatic sets theory; multi-objective optimization;

genetic algorithm.
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Fig.1 The carbon footprint model of components machining process
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Tab.1 The carbon emission factor
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Fig.2 Coding flow chart
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Tab.3 The description of part feature
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Tab.4 Housing processing time
FEEG S | TAHS | WG | FE5S | TAHES | HREG) | SFEHRS | TEHS | G | FFEHS | TEHS | s
1 1.1 18 2.8 35 3.0 52 10.2
9 16 22
2 1.0 19 5.3 36 3.6 53 7.6
3 2.1 20 40.0 37 18.8 54 4.8
10 23
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2841 -




TR TR 29 & 9 23 0] 2018 4F 12 A B¢ A

T TEYREIMA—E AR &AM, 7 T LA
T RN EEA R OFW T Ok F )G
WO HEL:; QB @ TRE ., Wi
FARHGAR AR DO ~@ R T)7 E P e R AR 4
WOR TIFREL R AR TRRL R,

HRAE bR T i, 4 ] 2 8 4R 5 B0 43 0l /57
CRRAE- T B B RRAE T L R AR R L 7R R
5HLG—Eifh P1~P29 20 9403 1~29 PHRAE,

ANE B C1L~C8 7y AU FML B L R B A B
HLBE PR B RS BE 85 o2z 8 ML Tb . TR
A AR FR B T A 51 X6 L 4 i AR AT 0 55 PR B i A
TSR T A . X3 5 B 8 4 B i 3k 1) T 20
PEAT Gt ARG WL 6. fER 7T L. HE—BlE
P1~P29 7t % 1~29 A 4F1E . A AN FE 6 Bl
B2 7R m AL, 7EK 8 . 1 ARER R AL
0 AR AR B AT

\\\\\\\ N o

x5 “BE-IP” BEER
Tab.5 The feature-step contour matrix
P1|P2|P3|P4|P5|P6|P7|P8|P9|P10|P11|{P12(P13|P14|P15|P16|P17|P18|P19|P20|P21|P22|P23|P24|P25|P26|P27|P28|P29
Cl| @ (] [ J (] ([ [ BN BN J ([ J
C2| @ ([ J [ ([ J [ [ AN BN ) [ ]
C3 (] [ J o [ [ BN BN J [ J
C4 o [ ] [ J [ J o ([ J
C5 ([ J [ J [ J [ J [ ([ J
C6 o [ ] [
Cc7 [ BN J ( BN [ [ [ ([ J [ ([ J ( I 2K 2K J
C8 [ BK J o [ ] [ [ ] o [ ] o (B 2K 3K J
xko6 "“SI-IP BEEEISHSRMUE
Tab.6 Step number and location of feature-step contour matrix
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C6| 0 5 0 0112 0|00 0101010 0 01010 0 0 010 01531010 0 0 011010
C71 0] o0 6 8§ 10 |13|15,0 |18 0| 0 |[25] 0 [30] 0 |35] 0 ]40| 0] O 0 0 |54 0 |58|60]|62]64] 0
C8l 0| 0| 7190|140 ]0]19/00 1260 |31]01(36|0|41]01]0] 0|0 /[55]01]59|61[63]65]|0
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Tab.7 The feature-face contour matrix
P1|P2|P3|P4|P5|P6|P7|P8|P9|P10|P11|P12|P13|P14|P15/P16|P17|P18|P19|P20|P21|P22|P23|P24|P25|P26|P27|P28|P29
Bl o [ ] [ J [ ] [ [ J
B2| @ [ BN J ® o o ® 6 6 6 6 6 6 6 6 06 O o [ BN BN BN BN J
®8 "“HI-ALEEEMRISHS
Tab.8 Step number of feature-face contour matrix
P1|P2|P3|P4|P5|P6|P7|P8|P9|P10|P11|P12|P13|P14|P15/P16|P17|P18|P19|P20|P21|P22|P23|P24|P25|P26|P27|P28|P29
Bl| o 1 0 0 1 010 1 0 1 010 0 01010 0 0 0 1] 0 0 1 0 1 0 0 011010
B2 1]0 1 11011 110 1]07]1 1 1 1 1 1 1 1 1 1 110 110 1 1 1 1 1
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Tab.9 Optimization results
e fk 25 8 | ARBA | RRRAG A
WHE B (kg(CO2-Eq.)) 8.17 10.35 9.83
A () 43.03 | 40.35 41.59
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Fig.7 Optimal chromosomal gene
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Fig.6 Optimization convergence chart
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Tab.10 Machining surfaces and tools for optimal machining sequences
TA%% | ML | DRSS | T2%% | mLm | JR%S | L2%S | mLm | JRSS || T2%5 | mlim | R4S
8 1 T06 16 3 To1 10 1 T03 58 5 T05
20 3 To3 29 3 To2 11 1 To3 61 3 T13
21 3 To3 24 3 T02 17 2 T03 63 5 T14
56 5 T03 42 3 To1 38 3 To1 64 5 T06
16 2 To3 48 3 To1 39 3 T02 54 4 T10
3 1 To3 49 3 To1 36 3 T14 55 4 T15
15 1 To07 43 3 To1 4 1 T03 59 5 T11
1 1 To1 35 3 T09 5 1 To04 68 5 T02
22 3 To1 25 3 T05 12 1 To4 47 3 T02
32 3 Tol 50 2 T02 51 4 T03 18 2 T06
45 4 To1 34 2 T02 52 4 T03 19 2 T12
27 3 To1 44 3 T02 57 5 T03 13 1 T06
28 3 Tol 26 3 T11 53 4 To4 6 1 T05
33 3 To1 30 3 To8 60 5 T03 14 1 T11
37 3 To1 40 3 T06 62 5 T09 7 1 T11
23 3 To1 41 3 T12 66 5 Tol 31 3 T13
2 1 To1 9 1 T12 67 5 To1 65 5 T12
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