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Research areas at LLB / TU Munchen TI.ITI

Membrane and reflector structures
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Morphing Aerospace Structures

Technische Universitat Minchen Massive Change In geometry "-m

high loads and stiffness
... and morphing

high shape precision
....and morphing
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Wing-tip DoF Lower bound Upper bound

Twist (=) -6° +6°
Camber (d,.:) 0% 9%
Cant angle (v) -85° +85°
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Morph. param. influence on diff. criteria UM
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Morphing actuators Morphing surfaces
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planking fiad actuator wertebra hinge plankang  OVETTE DD NG

stiff rod (e.g. CFRP rod)

Friswell, Swansea
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Massively morphing sat reflectors ... TI.ITI
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... to achieve non-isotropic RF beam radiation
In (space) antennas
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—> requires actuators and a morphing surface with

* low in-plane and shear stiffness
» moderate bending stiffness S s T e

*very low CTE

» good thermal and electr. conductivity
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Structural and reflector material Tu'"
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Triax C-fibre shell-membrane material (soft silicone matrix): CFRS

M IE EE E R B edaes
- o o o @ o e e
o o o @ o o @
R IR X X K K = =

Micro-mech. FE model Simul and test results
(stiffness, CTE, ...)

» excellent thermo-mechanical properties
» good RF properties
* moderate - good morphing behavior
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Triax CFR-matrices with different Young‘s moduli
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-> Mat. properties and level of anistropy depend on specimen size
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Tum

Actuator — structure interface

=t |
Rods: the longer
the less
interference

RN
Boundary
conditions:
decoupling of
surfaceand
support i

CFRS layers Actuator shaft and i/f

3 Dry Dyneema fiber tov
* low clearance
* low weight

*low CTE

introduction is highly
relevant

F<20N; m<20g
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eSurface rms deviation of actual shape vs. goal (required) shape <0.15
mm

eSurface rms deviation between simulation vs. test results < 0.1 mm

—>shape morphing amplitudes
of 10-15 mm and high spatial frequency
look feasible
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displacement[mm]

Integrated displ. field identification Tu'"
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Measurement of strain at CERS

many positions

Reconstr. model using.
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Morphing requirements

Modelling:

Aero-elasticity/

* high forces (many tons)
* high strokes

» moderate resolution

* low spatial frequency

* high reliability

* low mass / volume

» self locking

* moderate temp. range

low frequency

Coupling Aeodyn. ~ Struct.

é

\ RF-elasticity

 small forces

 small or high strokes

* high resolution (um range)
* high spatial frequency

* good reliability

* low mass / volume

» self locking

* extreme temperature range

e quasi-static

Coupling RF. €2 structure
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