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Development of an Open-Typed Optimal Trolley Model
for Cable-Based Retractable Membrane Roof
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Abstract In the field of architecture, retractable devices capable of responding flexibly to the
environment have been applied widely to large structures. Among these devices, the aesthetically
pleasing retractable membrane is lightweight so that the membrane can be opened easily using only a
traction device. On the other hand, because the towed membrane moves as it is connected to the main
cable by a trolley, the number of trolleys needed increases in proportion to the roof's area. This study
proposes an optimal model for an open-type trolley (OTT), which is used widely in these devices, using
topology optimization. The analysis used the ANSYS program. A new model was proposed based on the
results and reviewed through the feedback. Through this process, it was possible to develop a prototype
with increased durability and reduced weight. For OTT, optimization was performed based on static
analysis and the boundary conditions, so three prototypes were designed. A comparison of the proposed
trolley with the conventional one under the same conditions revealed an up to 71.04% decrease in
volume while the yield-strength reached 8.67 to 11.43%. In conclusion, the optimal trolley proposed was
found to be reliable in terms of economy and stability.

Keywords : Cable-based Structures, Driving Device, Retractable Membrane, Topology Optimization,
Trolley
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(a) Steel Retractable Roof Structure
(Singapore National Stadium)

(b) Membrane Retractable Roof Structure
(Warsaw National Stadium)

Fig. 1. Retractable Roof System
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Fig. 2. Open-Type Tractor & Trolley Drawing
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Table 1. Structure using Open Type Trolley
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Fig. 3. Classification of the Retractable Roofs
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Fig. 4. Default Open Type Trolley
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Fig. 6. Default Open Type Trolley

Table 2. Material Property for Analysis

Steel
Elastic Modulus () 210,000 MPa
Yield Strength (£)) 275 MPa
Tensile Strength (£,) 410 MPa
Poisson Ratio (v) 0.3
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Fig. 5. Topology Optimization Process
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Table 3. Material Property for Analysis Table 4. Material Property for Analysis

OTT Model TOT Model
ode
Volume (mm®) 3.3025¢"°
Mass (kg) 25.925 Volume Vior 13793e+6
Stress (MPa) 22746 (mam’) Vror o .
Displ. (mm) 0.00953 Yorr
Strain Energy (m.J) 0.14066 Mass (kg) 10.828
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Table 5. Specification of SUGT Model

A-Type

Drawing

Boundary Condition
(Dx, Dy, Dz = 0)

Boundary Condition
(Ox, Dy, Dz =0)

Boundary Condition
(Ox, Dy, Dz =0)

3D-Modeling

- - —

LA

1.3160e+6

1.2505e+6

9.5645e+5

v
Volume % SUGT
(mm®) | SUEL g 39.85 37.87 28.96
VOTT
Mass (kg) 1033 9.8162 7.5081
Table 6. Analysis Results of SUGT Model
A-Type B-Type C-Type
3D
Shape
Stress
MP
M) 1 or 31432 23.835 28.567
g
—SUCT. (op) 138.19 104.79 12559
9orr
g
R UL 11.43 8.67 10.39
i)
3D
Shape
Displ.
(mm) .
dsyer 0.04257 0.02589 0.03954
d
SUET. ) 446.69 271.67 414,90
dOTT
3D
Strain Shape
Energy
(mJ)
Esvar 0.11029 0.10924 0.09531
SUGT. (o) 7841 77.66 67.76
EOTT
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