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Abstract; For the layout and size optimization of tower crane booms, a two-stage topology and
size optimization method was proposed. In the first stage, a periodic plate-beam topology
optimization model of the boom was established, and the continuum topology optimization of the
web plate was performed by using the periodic SKO method. After getting the optimized topology
of web plate, the optimized web topology was transformed into a discrete web layout through the
extraction of the principal stress path. In the second stage, the size optimization mathematical
model was established with the web radius taken as the design variable, the boom compliance as
the objective function and the material volume of the boom as the constraint. The size optimization
criterion was deduced by the Lagrange multiplier method and Kuhn-Tucker condition. In addition,
the stability constraints of the webs were proposed to ensure the boom stability during the size
optimization process based on the Euler formula. By comparing the original boom with the optimal
booms, the optimization method can effectively reduce the mass of the boom, increase the rigidity
of the boom, and reduce the deformation and structural stress level.

Key words: crane boom; topology optimization; size optimization; periodicity; SKO ( soft kill
option) ; optimization criterion
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Fig. 1 Shape and size of the overall QTZ63 crane boom and its section
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Table 1 Parameters of the crane boom members Table 3 Performance parameters of the original boom
FFA WK RoF/mm M Sl TH A TH B TH C
TR Y 12# Q235C NERE/ T 1363.6 921.8 606. 7
LEEFF - ALLEE S 4108 x8 20 BABE/m  0.273 0.130  0.125
I
Wfiifﬂgﬁ $42 x4 KW F1/MPa 93.5 102 104
H 38 x4
. 938 KEaH T 5.8 10.7 12.4
NRUEFT P42 x4 =
AR kg 3053.7

ARTCEH QTZ63 2 H HLA [ i B2 F Ay 3 Fif
BWUE TOUIF ARt 3 b T80 430 o T2
AL IRRIREE T T4 B i R T T C,
IR T AL T SENER 2 s,

®2 MMUITRSH

Table 2 Optimization load parameters
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Fig.2 FEM optimization model of the boom
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Fig. 3 Optimized topology of the typical load cases
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Fig. 4 Web topology optimization result of load case A
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Fig. 5 Topology optimization boom after
skeleton extraction
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Table 4 Performance parameters of the topology

optimization boom
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Fig. 6 Parameters variation in the size optimization
process for 3 load cases
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Table 5 Performance parameters of the 3 load cases’
optimization boom
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Table 6 Performance parameters of the topology and
size optimization boom
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Fig. 7 Performance variation of the boom in the two-stage optimization process
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