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Shape Finding of Bio-Tensegrity Structural System
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Abstract

This study investigated a bio-tensegrity structural system that combines the characteristics of a general tensegrity
structural system with a biological system. The final research objective is to accomplish a changeability for the structural
system as like the movement of the natural bio-system. In the study, we present a shape finding procedure for the two
stage bio-tensegrity system model inspired by the movement pattern of animal backbone. The proposed system is allowing
a dynamic movement by introducing the concept of “saddle” for the variable bio-tensegrity structure. Several shape finding
analysis example and results are presented and shows a efficient validation and suitability.
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(Fig. 1) Self-modification of organism
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(Fig. 2) Bio-tensegrity model by Flemons?
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Scope of study:
vertebrae from
C3tol5

Sacral (Kyphosis)

Coccyx (Tailbone)

(Fig. b) Anatomy view of human spine

Vertebral
disc

(Fig. 6) Disc of human spine
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Preparation of geometrical input
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Establishment of system of
equilibrium equations

Determination of independent self-
equilibrium stress modes

Updating of current nodal position :
(i) Modification of current twisting angle
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(Fig. 12> Shape finding algorithm
of bio-tensegrity structural system
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(Table 1) Nodal coordinate of two-stage bio-tensegrity
structure

Node X y z Stage
N1 0 0 0 L1B
N 2 231 0 0 L1B
N3 1155 200 0 L1B
N 4 0 0 265.65 L1T
N 5 21 0 265.65 L1T
N 6 1155 200 265.65 L1T
N7 0 0 196.35 L2B
N 8 231 0 196.35 L2B
N9 1155 200 196.35 L2B
N 10 0 0 42735 L2T
N 11 21 0 427.35 L2T
N 12 1155 200 427.35 L2T
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(Table 2) Connection of element two-stage
bio-tensegrity structure

Group FElement Node i Node j
1 1 5
Strut(One-stage) 2 2 6
3 3 4
4 7 12
Strut(Two-stage) 5 8 10
6 9 11
7 1 2
Bottom cable 8 2 3
9 3 1
10 10 11
Top cable 11 1 12
12 12 10
13 4 7
14 4 8
Saddle cable %2 g g
17 6 8
18 6 9
19 1 4
20 2 5
Diagonal cable 21 3 6
(One-stage) 2 1 8
23 2 7
24 3 9
25 4 11
26 5 10
Diagonal cable 27 6 12
‘wo-stage 28 7 11
T &) 29 8 12
30 9 11
31 1 7
Reinforce cable 32 2 9
33 3 8

(Table 3) Condition of restriction two-stage
bio-tensegrity structure

Node T axis Y axis z axis
1~3 Fix Fix Fix
4~12 Free Free Free
2 vloleEATElE] TEE 127he] AR
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(Table 4) Material property of SS400
Modulus of E Density Yield strength

(MPa) ( g/ ) (MPa)
205,000 230
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(Table 5) Shape analysis model of two-stage
bio-tensegrity structure

Model Angle(a)  Width(mm) Height(mm)
A0 0
A5 5
A10 10
Al5 15
A20 20
A25 25
A30 30 231
A35 35
A40 40
A45 45
A50 50
A55 55
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(a) Perspective view

(Fig. 13) Model of shape analysis

(Table 6) Result of shape analysis(Element stress)

(c) Front view

Element n(N) Element n(N) Element nN)
7 -0.83779 7 -0.20752 7 -0.02554
8 -0.83868 8 -0.20782 8 -0.0255
9 -0.83799 9 -0.20745 9 -0.02559
19 -5.35021 19 211102 19 -1.17076
A0 20 -5.34912 A5 20 211042 A10 20 -1.17061
21 -5.35156 21 -2.11284 21 -1.17024
25 -4.9507 25 -2.04974 25 -1.176
26 495122 26 -2.04954 26 -1.17561
27 -4.95241 27 -2.05147 27 -1.17535
19 -1.1511 19 -2.97136 19 -0.42181
20 -1.1504 20 -2.96953 20 -0.42178
21 -1.15061 21 297144 21 -0.42224
Al % 1115 A0 % 313 AP % 047537
26 -1.18532 26 -3.13635 26 -0.47569
27 -1.18462 27 -3.13565 27 -0.47538
A30 26 -1.38462 A35 1~33 Satisfaction ~ A40 1~33 Satisfaction
31 -0.4593
Ad5 1~33 Satisfacion ~ A50 32 -0.45959 A55 26 -1.38223
33 -0.45814

(Table 7> Result of shape analysis(S.E.S.M. & S.C)

AD |

A5

| A10 | A15 | A0 | A5 | A30 | A35

| A0 | A5 | A0 | A5

SESM

3

S.C

9

6

3 |

0

3 | 1

* SESM : Self-Equilibrium Stress Mode, S.C : Slack Cable
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