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Structural Characteristics of Self-Deployable Membrane Truss
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In recent years, the demand for deployable large space structures has been growing with the sophistication of space missions.
However, there are remained a lot of problems to be solved for the realization of such structures. For example, the balance between
lightweight, high storage ratio, high rigidity, high shape accuracy, and reliability of deployment is one of the most serious problems.
Self-deployable membrane truss (SDMT) has been proposed as a solution of that problem. However, research on SDMT includes
only the conceptual design, the storage and deployment method, and deployment dynamics so far, and its structural properties in
deployed configuration have not been investigated in detail. In this research, the natural vibration analysis and buckling analysis
are conducted to identify the structural characteristics of SDMT, and the points to care in the fabrication process are clarified by
measuring the shape accuracy of a small conceptual model. It was confirmed that very few vibration modes are dominant in the
motion of the proposed SDMT, which is influenced little by the mass of the truss nodes.
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Figure 1 The concept of large space structure
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Table 1 Challenges for realization of large space structures
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Figure 2 Experimental model of SDMT
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Figure 3 Analysis model ofT/N12B-SDMT
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Table 2 Properties of TN12B-SDMT
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Figure 8 1st eigen frequency and Boom length
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Table 4 Effective total mass ratio
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Mode | x y z X y z

1 1.0000 | 1.0000 | 0.0000 | 0.0000 | 0.0000 | 1.0000
2 0.0000 | 0.0000 | 0.8137 | 0.4690 | 0.3371 | 0.0000
3 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
4 0.0000 | 0.0000 | 0.1863 | 0.4993 | 0.3717 | 0.0000
5 0.0000 | 0.0000 | 0.0000 | 0.0318 | 0.2911 | 0.0000
6 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
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Figure 9 1st eigen frequency and Strain of membrane
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Table 6 Effective total mass ratio
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Mode | x y 7 X y 7

1 0.0000 | 0.0007 | 0.0000 | 0.0000 | 0.0000 | 1.0000
2 0.0003 | 0.0004 | 1.0000 | 0.0000 | 0.0000 | 0.0000
3 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
4 0.9625 | 0.1638 | 0.0000 | 0.8008 | 0.2000 | 0.0000
5 0.0372 | 0.8352 | 0.0000 | 0.1992 | 0.8000 | 0.0000
6 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
Table 4 775, 1R 5 5 RETT, EE)DHK 99.9999999%

A7k EIER

Mode | x y z X y z

1 0.1310 | 0.1306 | 0.5000 | 0.3370 | 0.1409 | 0.1299
2 0.1254 0.1246 | 0.5000 | 0.3371 0.1409 | 0.1244
3 0.2333 | 0.2328 | 0.0000 | 0.0557 | 0.2380 | 0.2348
4 0.4314 | 0.4314 | 0.0000 | 0.1698 | 0.0524 | 0.4329
5 0.0778 | 0.0796 | 0.0000 | 0.0997 | 0.4276 | 0.0769
6 0.0011 | 0.0011 | 0.0000 | 0.0007 | 0.0001 | 0.0011
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Figure 11 Experiment condition
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Table 7 Error in the z-axis direction of membrane edge

Feature point 1 2 3 4 5 6

Error[mm]| 30.5 | 37.2 36.5 26.5 | 21.6 51.0
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Figure 12 Membrane shape
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