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Form-finding Analysis Method of Force Density for

Cable-strut Tension Structure

CHEN Wu-jun, DU Gui-shou, REN Xiao-qiang
(Space Structure Research Centre, Shanghai Jiaotong University, Shanghai 200030, China)

Abstract: A modified force density method (MFDM) was developed for form-finding analysis due
to the inherent characteristics of cable-strut tension structure systems. On the basis of
conventional force density method of pure cable-net system, the force density equilibrium
equation was formulated for the cable-strut self-equilibrated assembly. Since the cable-strut
assembly had self-equilibrium unstressed mechanism, stress mode, free body and the properties
of force density matrix, the rank deficiency of the matrix was deduced. The linear constraint of
force density and nodal coordinate vector were applied to the analytical model. The deficiency
force density matrix could be obtained with the Gaussian transformation deficiency, the updated
force density could be got with M-P generalized inverse matrix, and the feasible force density was
solved iteratively. The final equilibrated form was calculated with non-dependable nodal
coordinate and topology. Finally, the program was developed with VC+ +. The results show
that the proposed method can applied to form-finding analysis of cable-strut tension structure,
and the algorithm is correct and available.
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Fig. 1 Joint Equilibrium of Cable-strut System
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Fig.2 Initial Rotating Paraboloidal Cable-net
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Fig.3 Form-finding Configuration of Rotating
Paraboloidal Cable-net
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Tab. 1

Nodal Coordinates of Rotating Paraboloidal
Cable-net After Form-finding

T = BB | = BZERT | = BAR X

- x/m y/m 2/m - - e
Gii fif/m | R2E/m | RE/ %

19 |10.493 5]/0.000 0{20.058 8[19.7954|0.263 4| 0.013 1

37 111.830 9/0.000 017.193 2{16.961 7|0.2315| 0.013 5

55 [14.119 5|0.000 0|14.327 7|{14.133 2|0.194 5| 0.013 6

73 117.543 5/0.000 0|11.462 1|{11.306 0| 0.156 1| 0.013 6

91 122.3781|0.0000| 8.596 6| 8.479 2|0.117 4| 0.013 7

109 ]29.012 2]0.000 0 .731 1| 5.6527]0.0784] 0.0137

o

127 |37.979 2]10.000 0| 2.8655| 2.826 3|0.039 2| 0.0137
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Fig. 4 Double-layer Tensegrity Integral Structure
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Tab.2 Nodal Coordinate of Double-layer Tensegrity Integral Structure After Form-finding

8 9 10 11 12

x/m | —2.598 1| 2.598 1| 0.000 0 4.330 3| —0.8659|—3.464 0

3.464 2 |—4.330 1| 0.866 1| 0.0002| 2.5983 |—2.5979

y/m | —1.500 0[—1.500 0| 3.000 0 |—1.500 0 4.500 0|—3.000 0

3.000 0 1.500 0 |—4.500 0|—3.000 0| 1.500 0 1.500 0

z/m 0. 000 0|—0.000 0| 0.000 O 6.000 0 6.000 0| 6.000 0

3.000 0 3.000 0| 3.0000| 9.0000]| 9.000 0 9.000 0
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