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Hybrid Flow Shop Scheduling with Limited Buffers Considering Energy
Consumption and Transportation

Abstract

Abstract: Aiming at the untimely production scheduling and excessive energy consumption during
processing, a limited buffer hybrid flow shop scheduling optimization model is constructed. To minimize
the makespan and total energy consumption of the workshop, the transport time, generalized energy
consumption and buffer capacity being the constraints, and the on/off energy saving strategy applied to
reduce the standby energy consumption, the feasibility of the optimization model are verified. A lion
swarm optimization algorithm is designed, in which a population initialization method combining random
generation and greedy selection is used to improve the initial solution quality and solution efficiency, the
lion swarm optimization algorithm superiority is verified. The experimental results show that the
algorithm can effectively solve the hybrid flow shop scheduling problem with limited buffer considering
energy consumption and transportation time, and the established optimization model can be flexibly
adjusted according to the actual needs, in which the purpose of rational production scheduling, energy
saving and emission reduction for manufacturing enterprises can be achieved.
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Table 1 Example data run comparison
bl sy otk POURK R
E/(kW-s) T/s t/s E/(kW-s) T/s t/s E/(kW-s) T/s

1 7%x3x4 2.84 4710.20 791.5 2.93 4 706.50 788.0 2.45 4708.81 784.0
2 6%3x3 1.95 4 006.33 697.8 1.96 4010.20 696.7 1.57 4002.01 685.6
3 Tx4x4 2.27 18 330.27 912.1 2.31 18 392.67 899.6 1.94 18 251.52 890.6
4 9%x3%6 3.63 17 416.79 884.6 3.82 17 522.50 900.2 2.75 17 077.19 867.6
5 5%x5%3 1.30 17402.25 10254 1.37 17500.66  1026.3 1.24 17429.45 10215
6 8x3x4 2.03 5197.11 799.2 2.25 5182.22 780.1 1.85 5044.09 776.5
7 10x4x5 4.06 25401.10 1105.6 3.98 25321.88 1094.5 2.58 25323.08 10443
8 10x3x6 3.85 17 669.73 952.2 4.02 17 620.48 961.4 2.97 17 394.31 932.7
9 16x8x11 4.67 5136090 2449.0 4.86 46 449.11  2268.0 4.48 4722323 22174
10 35%16x%19 13.21 32901178 61009 15.02 338142.02 62714 13.73 32037093 6023.5
11 22x10x15 8.08 104560.62 3613.8 7.89 10195244 3557.7 7.25 10146839 3514.9

VE: CNRIEATI A, BN SRR EIME; TN T A i ME R R SE TR IE] . B 1~6 /NI LG, 54
T~9 NS G S 10, 11 AR .

£2 ML
Table 2 Processing power kW
T T2 T3
T w1 B2 W3 B 4 w5 W6 BT

Pin Pnl Pin Pnl Pin Pnl Pin Pnl Pin Pnl Pin Pnl Pin Pnl
1 2.7 1.7 4.5 3.0 2.7 1.8 3.8 2.6 4.1 3.0 4.5 33 4.5 3.0
2 32 1.8 39 3.5 3.5 2.0 3.7 2.3 4.1 33 44 3.5 42 2.8
3 32 1.7 43 3.1 29 2.0 4.0 2.6 5.1 32 4.7 34 4.8 3.1
4 2.8 1.9 4.6 32 35 1.9 3.8 2.5 4.1 32 4.8 32 4.1 3.0
5 2.8 1.6 4.5 3.0 3.5 1.9 3.9 24 43 32 5.6 32 4.0 3.1
6 2.9 1.8 4.8 34 32 2.0 3.7 24 4.7 3.0 4.9 32 4.7 29
7 3.0 1.6 4.7 3.6 3.4 1.7 3.9 2.5 43 3.0 5.0 34 4.8 3.0
8 3.1 1.7 4.7 32 29 1.9 4.5 24 4.5 33 53 33 4.7 3.1

P, 1.1 1.6 1.4 2.0 2.1 2.5 2.0

R3O BEINT R
Table 3 Equipment processing time S
T TPl T2 T3
w1 W2 w3 B4 &S w6 w7

1 44 60 37 34 43 42 40

2 47 48 35 34 44 41 42

3 47 46 30 28 42 42 42

4 52 49 35 34 44 44 43

5 45 43 32 31 39 39 39

6 52 49 35 34 43 36 42

7 60 59 43 41 53 50 51

8 50 47 37 36 44 38 42
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