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Abstract

In the transportation between countries using container, too many empty containers must be transported due to the
transportation unbalance. For transportation efficiency, therefore, foldable containers are being developed. Hinge brackets
are important parts of foldable containers because great force is applied on the hinges during loading onto and unloading
from ships. In this study, the hinge bracket for a foldable container is designed to be made using thick plate or bulk materials
to endure the heavy loads. The forming process for the hinge bracket using a thick plate is designed via numerical analysis.
First of all, the shape of bracket is designed for the better formability. Bending and successive side wall thickening processes
are employed for the forming of the hinge bracket. Maximum thickening that can be achieved in a single stage of forming
without a folding defect is determined and three stage of thickening processes are designed.
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Table 1 Mechanical properties of AISI 1040 [19]

Properties
Young’s modulus 210 GPa
Yield stress 380 MPa
Tensile strength 640 MPa
Poisson’s ratio 0.3
Stress-Strain
. o =380 + 636 g, **'° [MPa]
relation
S, Mises
(Avg: 75%)
188
% 172
157
141
125
110
94
78
63
47
31
16
0
(&) Upper bracket
S, Mises

(Avg: 75%)

167
153
139
125
111
97
84
70
56
42
28
14
0

S, Mises
(Avg: 75%)

(b) Lower bracket

(c) Pin
Fig. 2 Von-mises stress distributions for hinge bracket
parts (unit : MPa)
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(a) Bending

LX) %}

(b) First thickening

(c) Second thickening
Fig. 3 Schematic illustration of forming processes of
lower bracket (bending and thickening)
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Fig. 4 Deformed shapes and Von-mises stress distributions
at stroke of (a) Omm, (b) 50mm, (c) 100mm, and
(d) 180mm(bending)
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S, Mises
— B (Avg: 75%)
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Fig. 5 Deformed shapes and Von-mises stress distributions
at stroke of (a) 0 mm, (b) 8.6 mm, (c) 17.2 mm, (d)
25.8 mm, and (e) 34.4 mm (1* thickening, gap=5.0
mm, unit: MPa)

S, Mises
(Avg: 75%

Fig. 6 Deformed shapes and Von-mises stress distributions
at stroke of 36.4 mm (1% thickening, gap=6.0mm,
unit: MPa)
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Fig. 7 Load-stroke curve for various values of gap (1%

thickening)
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Fig. 8 Deformed shapes and Von-mises stress distributions
at stroke of 36.0mm(2" thickening, gap=18.0 mm,
unit: MPa)

(b)

(d)

Fig. 9 Deformed shapes and Von-mises stress distributions
at stroke of (a) Omm, (b) 8.6mm, (c) 17.2mm, (d)
25.8 mm, and (e) 34.4mm(2"™ thickening, gap=9.0
mm, unit: MPa).
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(d) (€) (f) =
Fig.10 Deformed shapes and Von-mises stress distributions
at stroke of (a) 0 mm, (b) 4.9 mm, (c) 9.7 mm, (d)

14.6 mm, (e) 17.5 mm, and (f) after springback
(final thickening, gap=9.0 mm, unit: MPa)
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Fig.11 Load-stroke curve for three stages of thickening

Table 2 Wall thicknesses at each process (unit: mm)

Stage of Initial Final Thickening
thickening thickness thickness (A1)

1 27 32 5
2 32 41 9
3 41 50 9
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