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Abstract: This study focuses on the design of a mechanical joint for a zero moment crane (ZMC), which is a specialized
loading/unloading system used in a mobile harbor (MH). The mechanical joint is based on the concept of zero moment point
(ZMP), and it plays an important role in stabilizing a ZMC. For effective stabilization, it is necessary to ensure that the
mechanical joint is robust to a wide variety of loads; further, the joint must allow the structures connected to it to perform
rotational motion with two degrees of freedom By adopting a traditional design process, we designed a new mechanical joint; in
this design, a universal joint is coupled with a spherical joint, and then, deformable rolling elements are incorporated. The rolling
elements facilitate load distribution and help in decreasing power loss during loading/unloading. Because of the complexity of
the proposed system, Kriging-based approximate optimization method is used for enhancing the optimization efficiency. In order
to validate the design of the proposed mechanical joint, a structural analysis is performed, and a small-scale prototype is built.
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Table 1 Results of basic analysis
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Total mass (kg) 1348.7
Max. Von-Mises Main shaft ’ 356.85
stress (MPa) Upper housing 355.36

Lower housing 338.02
Max. contact pressure (MPa) 276.08
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Fig. 3 Equivalent stress at the main shaft of the
initial design
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Fig. 4 Equivalent stress at the lower housing of the
initial design
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Fig. 5 Equivalent stress at the upper housing of the
initial design

Minimize po,, .+ (1= 1) P

s.t. O-mwc < O-allawed (10)

pmax < pallowed

xlower < xi < xupper



i)

2.5997e8 Max
1,6123e6
883447
1595807

-5, 74277
-1,3031e8
-2.032e8
-2.7608e8 Min

L

Fig. 6 Contact pressure at the joint of the initial design
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Fig. 7 Design variables of the initial design
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Table 2 Evaluation of metamodel
lst 2nd 3rd
o MRR 3.77e-14 | 1.96e-11 | 4.26e-14
" 'RMSE | 7.12¢-8 | 5.54e-7 | 7.12¢-8
RRMSE | 2.62¢-14 | 1.83e-12 | 2.64e-14
p MRR 4.39e-14 | 5.64e-12 | 5.53e-14
RMSE | 4.96e-8 | 9.61e-8 9.28¢-8
RRMSE | 4.96e-6 | 9.61e-6 9.28e-6
Table 3 Result of 1* optimization
DV(mm) | Range Point 1 | Point 2 | Point 3
MR3(120) | 90~130 | 109.67 | 92.004 | 90.222
UL2(200) | 170~210 | 207.61 | 200.8 | 200.54
UL3(210) | 170~220 | 184.38 | 177.78 | 206.34
UL5(50) 40~60 59.424 | 56.963 | 59.337
LLA4(35) 30~60 34.126 | 35.175 | 30.462
LL6(50) 50~100 | 56.298 | 55.848 | 51.013
O ... MPa) 305.05 | 338.86 | 332.08
D (MPa) 207.51 | 244.96 | 260.83
Table 4 Result of 2™ optimization
DV(mm) | Range Point 1 | Point2 | Point 3
MR3(100) | 90~110 | 109.65 | 90 97.728
UL2(204) | 200~208 | 207.62 | 208 200.44
UL3(192) | 177~207 | 184.38 | 194.33 | 201.55
ULS5(58) 56~60 59 59 57.346
LL4(33) 30~36 34.147 | 30 35.326
LL6(54) 51~57 57 51 56.98
O .. MPa) 305.08 | 285.09 | 326.09
P yrax (MP2) 185.23 | 252.08 | 221.83
Table 5 Result of 3" optimization
DV(mm) | Range Point 1 | Point 2 | Point 3
MR3(100) | 90~110 | 110 109.95 | 109.73
UL2(204) | 200~208 | 208 207.98 | 207.8
UL3(190) | 184~195 | 192 190.42 | 193.92
ULS5(59) 59~59 59 59 59
LL4(32.5) | 30~34.5 | 345 34.482 | 34.393
LL6(54) 51~57 57 56.927 | 56.824
O, .. (MPa) 280.09 | 308.89 | 300.87
D yax (MP2) 197.96 | 199.12 | 226.86
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Fig. 9 Equivalent stress at main shaft of the final
design
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Fig. 10 Equivalent stress at lower housing of the final
Design
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Table 6 Comparison between initial and final designs

Initial | Final Change
Total mass (kg) 1348.7 | 1256 -92.7kg
Main shaft | 356.85 | 287.51 | -22.0%
Upper o
O housing 355.36 | 277.05 | -15.6%
(MPa)
Lower 338.02 | 28526 | - 15.6 %
housing
P MPa) 276.08 | 232.08 | -15.9%
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0250

Fig. 11 Equivalent stress at upper housing of the final
design
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Fig. 12 Contact pressure at the joint of the final design
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