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Abstract

Tensegrities are interesting candidates for bemegjligently adaptated according to changing emuimental conditions because of
their mechanical features, i.e. flexibility andislisation using self-stress of the system as alres an interaction among tension
and compression members. Aim of the mentioned atapt in terms of shape and stress modificatiotmg meet system’s service
and ultimate state criteria. In the contributiorpresented an exploration procedure which is ableffectively find a convenient

shape as well as stress correction of selectecedétys girder with respect to defined goals. Obedincalculated results are
acceptable in a range of chosen search criteria.
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Numerical model of the system was created in ANS89D
1. Introduction software. All members were modelled as truss fieigments.
More precisely, LINK11 (linear actuators capable lefigth
modifications) and LINK180 elements were considefed

Tensegrities, since their inception, are of therdt in a : ;
g P active members and for cables respectively, see[Ref.

research sphere already for more than 60 yearh Systems
comprise tension (cables, etc.) and compressiod-bearing
members (struts, etc.). Al members are held tagetha stable LEFT
configuration by means of self-stress state, stergnfiom a  \ig
convenient initial geometry and stress, see Ref. [7]

Adaptive tensegrity systems, in order to withstahdnging
load conditions of the surrounding environments, able to be
regulated by means of sensors, control computer atide
members (actuators). With an evolution of informati
technology, machines and materials such structmgisate a
potential in maybe each field of engineering, sek Rg

The paper deals with a procedure for revealing of
satisfactory shape-stress correction of a tensegitder
regarding to defined criteria.

FRONT VIEW

2. Design exploration for suitable active members’ legth
corrections of a tensegrity girder

2.1. Properties of analysed numerical model Figure 1: Plot of analysed tensegrity girder witbmbered

Tensegrity girder is composed of 5 four-strut temise active members (thick members)

units. Each unit is of following theoretical siz€3:bottom base L

is of 2 x 2 m; (i) top base is of 1.414 x 1.414(jii) a heightis  2-2- Shortinsight into employed procedure

of 1.5 m. Theoretical span of the girder is 10 nndlé structure For the purpose of finding a satisfactory shapesstr
consists of 28 nodes, 56 cables and 20 active @BsiN  mogjfication of examined tensegrity girder a desigploration

members (together 76 members). Three-dimensiondiehuf (DE) procedure was used. DE is based on an assumgtiout

the girder may be seen in Fig. 1. N system evolution during searching. However, withany proof
In a case of materials, stainless austenitic ste®01 was  apout convergence, see Ref. [6].
chosen for cables with a construction of 1 x 19.ungs Generally, the DE procedure is realised by optitiusa

modulus for cables is 1300° Pa. Steel S235 was considered for ggorithm generating inputs (design variables) fmerical
active struts with its Young’s modulus of 21¢° Pa. Cross-  gimyjations (approximative metamodel or direct catep
section of the active members was considered tedmstant  gimylations) which calculate outputs (state vagapl

along their theoretical length of 2.693 m in thigidh geometry.

*The contribution is carried out within the proje¢dEGA No. 1/0302/16, partially founded by the ScerGrant Agency of the Ministry of Education of && Republic
and the Slovak Academy of Sciences.
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Table 1: Optimal acquired length modifications cofive members

All Alz A|3 A|4 A|5 Ale A|7 Alg Alg Al]_c Alll Allg Allg A|14 A|15 AIlG A|17 Allg Allg Alzc
(x1C3%) m
- -8 9. 10.C 8E -16.C 7.5 - 1.5 - 4.5 - -4 8.C -9£ 6. 125 1.C -4.C -

Outputs are then checked according to defined tibgec
functions and constraints, if any is present. Itpots are
satisfactory the DE procedure is finished. Otheewsew inputs
are generated and the whole procedure continueszeSs of
finding a suitable solution to a DE is problem agdals’
dependent and may uncover new facts about exptocetdl, as
well, see Ref. [6].

Since the shape-stress correction of analysed rsyatas
investigated in the contribution, length correctioof active
members were considered for inputs. Additionallypss-
sectional areas for load-bearing members using data
accordance with Ref. [3,5] and also initial pre-tensn cables
were searched as inputs, as well. For DE's outputse
selected minimal/maximal nodal displacements andmab

2.3. Acquired results

Optimal obtained length correctiondl of the active
members are highlighted in Tab. 1 (zero lengthemtions are
marked by dashes). Defined objectives were caledlas
follows, according to chapter 2.2. (before/afterrection): (i)
nodal displacement irx, y and z direction is -44.3/-38.0,
-93.0/-39.3, -49.0/37.6 mm respectively; (ii) diface among
nodal displacements irx, y and z direction is 85.7/75.0,
104.2/66.1, 92.4/74.4 mm respectively; (iii) lengtirrection of
the active members is -0.016 m; (iv) difference aghéength
corrections of the active members is 0.0285 m;ngwnber of
the active members needed for actuation is 15ngvinal force
in the cables is 127,891/168,498 N; (vii) normaicéin the
active members is -155,543/-232,321 N; (viii) diffiece in the

forces in members which were obtained by executinthormal forces in each member between the lasthemgrevious

geometrically non-linear and physically linear istadtructural
analyses. For such purpose was employed a fingenasit
method and an incremental
procedure. Equilibrium of forces in such analyseaynbe
derived from a basic formula seen in Ref. [2]

K,M=F @)

whereK+ is a tangent stiffness matrix,is a vector of unknown

nodal displacements; is a vector of applied nodal loading

forces (in global coordinates).

Examined tensegrity system was loaded firstly lsysielf-
weight and subsequently by external static loadorges of
Fyyz= -2,000 N (according to orientation of global sughown
in Fig. 1). Afterwards, length corrections onto tlaetive
members were applied. Structural analyses wereuleddc
using ANSYS 16.0, see Ref. [1] coupled with multjeaitive
hybrid and adaptive optimisation algorithm SHERP
employing a software HEEDS 2015.04.2, see Ref. [4].

Optimisation objectives in the contribution wereatéd as
follows, minimisation of: (i) maximal nodal displament inx, y
andz direction separately; (i) maximal difference amgarodal
displacements i, y andz direction respectively; (iii) maximal
length correction of the active members; (iv) maadim
difference among length corrections of the activeammers; (v)
number of the active members needed for actuat{gi);
maximal normal force in the cables; (vii) maximarmal force
in the active members; (viii) maximal differencetire normal
forces in each member between the last (self-weiglading
forces and active members’ actuation) and the pteviself-
weight and loading forces) load case; (ix) initfe-tension
force in the cables; (x) cross-sectional area ef ¢hbles; (xi)
cross-sectional area of the active members; (@meter of
active members’ cross-sections because the crotisfsein the
DE procedure are represented by circular tubes different
diameters and wall thicknesses.

Defined constraints are for: (i) maintaining of abdal
displacements under 0.04 m which is 1/250 of theorétical
girder span (deflection limit for trusses) and kaegpthem
above 0.035 m in order to force the DE procedurstay near
the upper limit; (i) regulating of minimal/maximatormal
forces to achieve tension in the cables and cormsjpresn the
active members; (iii) keeping of maximal normaldes in all
members below their resistance (tensile resistantiee cables
and buckling resistance of the active members).ivAct
members’ length changes were bounded by -0.05 &l i,
initial pre-stress was kept between values 1,000189,000 N.

load case is 76,778 N; (ix) initial pre-tensionc®iin the cables
is 95,000 N; (x) cross-sectional area of the calsle288.910°

iterative  Newton-Raphsom? for nominal cross-sectional diameter of Z2°* m, cables’

tensile resistance is 280,000 N; (xi) cross-sedli@mea of the
active members is 1,89W° n?; (xii) diameter of active
members’ cross-sections is -T6% m. The 2 last objective
functions refer to a cross-section @ 7&0F m. Active

members’ buckling resistance is 235,457 N.

3. Conclusions

The paper deals with a shape-stress correctionabfoaen
tensegrity girder. DE procedure, using a hybrid addptive
multi-objective optimisation technique in combirati with
finite element method employed for structural asefy was

Aapplied with the aim to find optimal active membdength

corrections, cross-sectional areas and initialtension. As a
result, achieved was a remarkable shape-stressction of the
girder in accordance with all defined goals.

Results gained from DE procedures may be appliceted
the case of adaptive tensegrity systems by meanéioh such
systems can be trained and continuously controlled.
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