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Shape Optimization of a Hydraulic Crane Boom
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Due to the characteristics of domestic mountainous terrain, the tunnels are increasing. Therefore, an increased budget and
more advanced equipment are required to maintain the tunnels cleanliness. As a study on shape optimization using the
design of experiment, this paper assessed the design parameters affecting the maximum stress of an articulated hydraulic
crane boom. As a result, the maximum stress of an optimized boom was 223.94 MPa at optimal factors. It showed an
accuracy of 99.38% compared with the finite element analysis.
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Fig. 1 Crane structure
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Fig. 2 Boundary conditions
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Fig. 3 Stress and deformation results (initial)
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Fig. 4 Modified design
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Fig. 5 Stress and deformation results (improved)
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Fig. 6 Factors for design of experiment
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Table 1 Full factorial design of 2-level 3-factor

Run L (mm) O (mm) T (mm) Y (MPa)
1 60 20 3 334.5
2 80 40 9 225.58
3 60 20 9 311.23
4 80 20 9 245.84
5 80 20 3 267.59
6 80 40 3 222.18
7 60 40 9 279.3
8 60 40 3 274.8
9 70 30 6 262.97
Table 2 Results of DOE of 2-level 3-factor
Term Coefficient T-Value P-Value
Constant 655.775 824.82 0.001
L -3.967 -91.08 0.007
(0] -5.561 -60.04 0.011
T -8.248 -14.17 0.045
L*O 0.032 991 0.064
L*T 0.002 0.16 0.899
O*T 0.220 20.20 0.031
Table 3 Pooling results of DOE for 2-level 3-factor
Term Coefficient T-Value P-Value
Constant 655.0400 1151.76 0.000
L -3.9565 -127.19 0.000
o -5.5610 -83.84 0.000
T -8.1620 -19.78 0.003
L*O 0.0324 13.84 0.005
O*T 0.2205 28.20 0.001
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Table 4 Central composite design

Run L (mm) O (mm) T (mm) Y (MPa)
1 70 30 6 262.98
2 60 30 6 293.56
3 60 20 3 334.40
4 60 20 9 331.23
5 80 20 3 264.91
6 70 20 6 269.69
7 80 30 6 23431
8 60 40 3 273.94
9 60 40 9 279.24
10 80 20 9 24591
11 80 40 9 224.62
12 70 30 9 259.39
13 80 40 3 222.55
14 70 30 3 267.76
15 70 40 6 260.77
Table 5 Results of central composite design
Term Coefficient T-Value P-Value
Constant 637.4 306.82 0.000
L -1.28 -37.89 0.000
o -11.79 -23.61 0.000
T -4.73 -5.45 0.000
L*L -0.0202 -1.34 0.211
0*0 0.1028 6.8 0.000
T*T -0.264 -1.58 0.146
L*O 0.03600 4.07 0.002
L*T 0.0039 0.13 0.897
oO*T 0.2064 6.99 0.000
Table 6 Pooling results
Term Coefficient T-Value P-Value
Constant 719.6000 292.21 0
L -4.0810 -33.30 0
0 -10.2100 -20.76 0
T -7.6300 -4.79 0
o0*0 0.0764 5.99 0
L*O 0.0360 3.57 0.003
O*T 0.2064 6.15 0
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