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Machining line balance of variable speed box of a complex construction
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Abstract: To solve the balance problem of machining production, complex conditions such as machining task tool requirements, machine tool

type requirements, machining orientation constraints, " tight" type and " or"

type constraints are included. A mathematical model of this
complex problem was constructed, and a particle swarm optimization algorithm with multiple screening mechanism was proposed to solve it.
Firstly, a mathematical model of the balance problem of machining production line was established which satisfied the complex practical
constraints. Then, the position coordinates of particles were used as the weight information of particle swarm search to select the tasks in the
processing task set, and a multi-screening mechanism was designed to construct the heuristic task set generation rule. This heuristic task set
generation rule was used to get a set of processing tasks that could be directly assigned and processed. The processing tasks were selected
successively by particle swarm optimization ( PSO)from the directly selectable set to form a complete solution and a specific task assignment
scheme. Finally, in order to improve the practicability and visibility of the program, a Gantt chart generating module for machining task was

designed. Through the actual case study of a complex construction machinery variable speed box parts, the simplified task information was
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substituted into the algorithm to solve the optimization results. The research results indicate that this method has achieved optimization results

with multiple balance rates above 90% . When the beat time is 1 120 s, the balance rate is 94. 66% , and the content of the production

scheduling table is consistent with the Gantt chart. The proposed algorithm satisfies the complex constraints, and the comparison with manual

scheduling shows that the proposed algorithm is effective and has good economy and practicability. Through the discussion of flexible

production cases, the results of this algorithm have certain production flexibility.

Key words: machining technology; particle swarm optimization (PSO) ; line balancing mathematical model; box parts; constraint relation

matrix ; heuristic alternative task set generation rules
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Table 2 The comparison of test results of each beat was obtained by using optimization algorithm

=2 CcT Pso No cT Pso

m LB/ % C, m LB/ % C,
1 1210 5 87.62 39 11 1110 6 79.59 40
2 1200 5 88.35 39 12 1100 7 68. 84 39
3 1190 5 89.09 40 13 1090 8 60.79 41
4 1180 5 89.85 40 14 1080 8 61.35 40
5 1170 5 90. 62 39 15 1070 8 61.93 40
6 1160 5 91.40 38 16 1 060 8 62.51 39
7 1150 5 92.19 40 17 1050 8 63.11 39
8 1140 5 93.00 40 18 1040 8 63.71 40
9 1130 5 93.82 42 19 1030 8 64.33 37
10 1120 5 94. 66 39 20 1020 8 64.96 37

2 A5 YT E R 1120 s B SRR MR B, HL RIS A 8, BT 4R A B
TR - et i, 15 %) 94. 66% , %2 PO EEE AR B 1120 s MIEE TR,
W 2 PP RE R SR S AR 4646 1110 s 3 1 100 s N THE™ J7 S8 s VAl 26 T4 4 7T ek [i] B
25 AP REAE N 0.2 &5 ~0.5 & N TP AR RIS b i 3 FioR,
FIG T 15.07% ~25.82% , 1 MR A5 FA G BRI
®3 AIHFETHERI

Table 3 Comparison of the results of each beat calculated by manual production scheduling

o T Manual No cT Manual

m LB/ % C, m LB/ % C,
1 1210 6 73.02 46 11 1110 7 68.22 50
2 1200 6 73.62 48 12 1100 8 60.24 48
3 1190 6 74.24 51 13 1090 8 60.79 46
4 1180 6 74.87 45 14 1080 8 61.35 52
5 1170 6 75.51 48 15 1070 8 61.93 45
6 1 160 6 76.16 50 16 1 060 8 62.51 44
7 1150 6 76.83 51 17 1050 8 63.11 41
8 1140 6 77.50 49 18 1040 8 63.71 46
9 1130 6 78.19 47 19 1030 9 57.18 46
10 1120 6 78.88 49 20 1020 9 57.75 48
MR 3 RN T HE FEAREE 50T Ry, To ik RL IR BT SR A5 0 vy A 238 5 58 (4R ] oy

AR A2 RE RISy s Eae . Bk, 1120 s, PR 94. 66% ) B EARATE 55 43 Bl R 413k 4
NTHERBOREE  Htm -5 34 78. 88% FiR
R4 WTFHEETHI120s ARAUER
Table 4  Optimization results of ant colony( beat time 1 120 s)

P 1E55 3 B L W IR B/ AR Bt
1(0,957),8(957,967) ,3(967,975),5(975,979),6(979,986) ,2(986,991),7(991,996) ,4
(996,1000) ,10(1000,1002),11(1002,1009),9(1009,1013)

12(0,742) ,13(742,841) ,14(841,926),29(926,933),19(933,941) ,20(941,947) ,21 (947,
2 953),28(953,960) ,27(960,965) ,18(965,973) ,26(973,977) ,24(977,984) ,22(984,989) ,23 12/24 1104
(989,994) ,25(994,999) ,15(999,1062) ,16(1062,1097) ,17(1097,1 104)

30(0,826),31(826,925),41(925,929) ,45 (929,939) ,44 (939,947),32 (947,1 032) ,43
3 (1032,1042),34(1042,1050),38(1050,1056),40(1 056,1062),36(1 062,1 068),37 9/18 1104
(1068,1074),39(1074,1080),42(1080,1090),33(1090,1098),35(1098,1 104)

47(0,262) ,49(262,312) ,48(312,360) ,51(360,371) ,61(371,376) ,63(376,381) ,46 (381,
4 762),55(762,769) ,56(769,774) ,60(774,779) ,57(779,784) ,59 (784 ,789) ,58 (789,794 ) ,50 7/14 1111
(794,803) ,52(803,952),53(952,1099) ,62(1099,1106) ,54(1106,1 111)
65(0,262),70(262,269) ,71(269,274) ,73(274,279) ,64(279,660) ,69 (660,667) ,72 (667,
672) ,68(672,677) ,67(677,682) ,66(682,687) , Finally Task(687,1 047)

1/14 1013

4/8 1047
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