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A multi-objective loading optimization method for aviation unit load devices
based on improved genetic algorithm

WU Tingting, LI Peng, XIONG Wei, WANG Xiaolei

(College of Automobile and Traffic Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Air transport is one of the important modes of transportation, and the carriage of Unit Load Devices ( ULDs) affects
aircraft flight safety and airline commercial interests. To solve this problem, this paper establishes a methods for mixed integer linear
programming model loaded with an aviation container with the goal of minimizing the moment of inertia and the smallest deviation of
the center of gravity of the body axis, and improves the solution ability of the algorithm by improving the fitness function, selection,
crossing and variation in the genetic algorithm. Experimental results show that the improved method will reduce the deviation of the
center of gravity less than 0. 05% MAC and the moment of inertia by more than 10%.
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Table 1 Balance arms for each cabin, as well as zone load limits

K- VA= VAR o 1L Ve o 77

ity ) X sl 4n7 FRAE kg
in in in kg

Al 230.1 326.1 278 3356  Al.A2 Bl i

A2 339.1  427.1 383 3356 ANk

BI 428.1 516.1 472 3356 11 450 kg
CR/CL  525.5 650.5 588 6123 C-F H&
DR/DL 651.5 776.5 714 6123 Z A it
ER/EL 777.5 902.5 840 7 529 36 627 kg
FR/FL 903.5 1028.5 966 7 529
GR/GL 1029.5 1154.5 1092 7529 G-K H
HR/HL 1155.5 1280.5 1218 7529 Z AR it
JR/JL 1281.5 1406.5 1344 7529 63 140 kg
KR/KL 1407.5 1532.5 1470 7529
LR/LL 1533.5 1658.5 159 7529 L-S Ea
MR/ML 1659.5 1784.5 1722 6123 Z AR it
PR/PL 1804 1892 1848 6123 56 907 kg

RR/RL 1894.6 1982.6 1938 6123
SR/SL 2092.5 2217.5 2155 6441
T 2230.5 2355.5 2293 6123 THEEABEL2 04 ke

1P 465.1 561.3 513 4626 11P-23P i
2P 562.1 658.3 610 4626 ZHIA
21P  696.6 792.8 744 4626 27 669 kg
22P  793.6 889.8 841 4626

23P  890.6 986.8 938 4626

3P 1486.5 1574.7 1530 4626 31P-45 i
32P  1575.5 1663.7 1620 4626 ZAAE T
41P  1664.5 1752.7 1708 4626 26 081 kg

42P  1753.5 1841.7 1798 4626
45 1914 1974.5 1944 1 600
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Table 2 B747-400F weight limit data

B747-400F T w5 T/ kg
ez i (OEW) 159 032
B CE R (MTOW) 396 893
KGR E R (MLW) 295 742
T KRN B 1 (MZFW) 276 691
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Table 3 Load limit of upper and lower cargo hold combination line

{8 /in FRAE/ (kg -in"")
228-464 38.5
464-1 000 90.7
1 000-1 480 131.5
1 480-2 160 90.7
2 160-2 218 77. 1
2218-2 365 16.3
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Table 4 Cumulative load limits in front and rear cargo
compartments
T Balance Arm/in B B
THR 45 kg
MALKF] L L 228 466 9176
525 13 675
1 000 49 917
1240 76 044
MALEH] CHLEL 2 365 2218 2041
1920 13 825
1480 56 930
1 240 83 057
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Table 5 Results of single objective optimization in three sets of

experiments
% B Fl EEFNE (kg - in?)  BHFA/s
S — 30 25.999 1.76x10" 1.52
S 60 26. 000 2.43x10" 1.23
S = 100 25.999 2.72x10" 1.42
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Table 6 Results of double objective optimization in three

experimental groups

i B Hol» i/ (ke - in?) HEl/s
SR — 30 25.987 1.41x10" 1.71
SIS 60 25.962 2.16x10" 2.18
L= 100 26.013 2.33x10" 2.26
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Fig. 6 Iteration curves of the genetic algorithm for three sets of

experiments
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