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Thin composite materials are widely used for high performance applications due to their high
specific strength and sti�ness. Recent advancements in the manufacturing methods and, in
particular, in the modern tow-spreading technique, allow to manufacture them in thicknesses
below 200 µm [1]. Such low thicknesses makes them especially interesting in the field of deployable
space structures, where small radii of curvature are desired to fulfil certain folding schemes and
reduce for example the stowage volume in a launcher vehicle.
Researchers have previously investigated only 0° UD laminates or ±45° weaves fabrics with a
minimum thickness of 140 µm, revealing the ability of carbon fibers to withstand very large
strains when fabricated in low thicknesses [2, 3]. According to [4], this property is related to the
nonlinear behaviour showed by carbon fibers when undergoing strains greater than 1%. Besides
reducing the thickness, di�erent fiber angle orientations are now considered to build up ultra-
thin layups with the ability of reaching smaller minimum bending radii than UD laminates at
given sti�ness requirements. The very low thicknesses require the development of a suitable
testing technique, capable of characterizing the flexural behaviour of thin specimens without
being hindered by geometric issues. In fact, these materials cannot be tested with standard 3
or 4 point bending tests since at maximum load and minimum span distance they would just
flex without failing. A novel optical method for measuring the minimum bending radius is also
developed, since literature does not provide any standardized technique.
A flat carbon fiber reinforced mold is used to manufacture five sets of 4-ply symmetric and
balanced laminates with di�erent fiber orientations (Figure 1): 0°, ±15°, ±30°, ±45°, ±60°.
The stacking sequence is chosen in order to avoid extensional-shearing coupling [5]. These
laminates are made from UD prepreg T700s carbon fibers embedded in a ThinPregTM 402 epoxy
matrix and result in ply thicknesses of 20.29 µm, 20.75 µm, 21.28 µm, 21.22 µm, and 21.85 µm
respectively.

Figure 1: Symmetric and balanced ultra-thin laminates with 0°, ±15°, ±30°, ±45°, ±60° fiber angle
orientation, respectively.

The experimental setup consists of two flat platen compression fixtures with customized di-
mensions (Figure 2) used to test the specimens under bending loading. This type of loading

Fig. 3: Five sets of 4-ply symmetric and balanced ultra-thin 

specimens: [02]s, [±15]s, [±30]s, [±45]s, [±60]s, respectively.

Fig. 4: 20X micrograph of a 0° UD specimen.
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Fig. 5: Bending test setup.

Fig. 6: Test evaluation.
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Euler’s Elastica Theory:

Layup optimizationAngle-ply laminates results

±15°0° ±30° ±45° ±60°

Maximum strain

Stiffness

94100 MPa

14300 MPa

2.95 %

5.28 %

GOAL

Rmin = 1.3 mm

Ply 1+2

50.25µm

Ply 3+4

29.48µm

Ply 5+6

42.21µm

Fig. 7: 20X micrograph of the 

layup cross section. 

• 6-ply configuration

• 7max, predicted = 4.78%

[±59, 0]s

Rmin = 0.98 mm

8max = 6.12%

E = 17800 MPa 

Layup test results

SEM – fracture behaviour

Compression

side

Tension 

side 

±15°

±60°

• Simultaneous failure on both

sides for the layup.

[±59, 0]s

The large strain behaviour of ultra-thin CFRP angle-ply laminates under bending 

loads was investigated and successfully optimized to build up ultra-thin layups. It 

was demonstrated that:
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High specific strength 

and stiffness

Ply-thicknesses down 

to 20µm [1]

Smaller bending radii and fulfilment of 

specific folding scheme requirements

Positive size 

effects [2]

Enhanced packaging efficiency, highly desirable 

for reducing the stowage volume of large space 
deployable structures 
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(a) NASA/DoE Reference Design [50] (b) Integrated Symmetrical Concentrator [51]

(c) NASA SunTower [52] (d) SPS-ALPHA [53]

Figure 4.2: Space solar power system concepts.

The Integrated Symmetrical Concentrator concept [51] (see Figure 4.2b) consists of two reflector

assemblies that direct sunlight to a central photovoltaic array, which is situated adjacent to the

wireless power transmitter. The reflector assemblies can rotate about the axis of the system to

direct sunlight onto the photovoltaic array. A later JAXA concept [54] envisions the reflectors and

the power-generation-and-transmission segment as separate spacecraft, flying in formation. This

reduces structural complexity by removing the gimbal system.

The NASA SunTower concept [52] (see Figure 4.2c) employs a gravity-gradient-stabilized struc-

ture that consists of a long central spine with many power-generating units arranged along its length.

Each power-generating unit consists of a thin-film Fresnel concentrator (deployed and stabilized by

an inflatable ring on the edge) and a photovoltaic unit. At the end of the spine is a wireless power

transmission unit. The ESA SailTower concept [55] is similar in architecture; however, the concen-

trating photovoltaics are replaced by thin-film photovoltaic blankets.

The SPS-ALPHA concept [53] (see Figure 4.2d) is modular and robotically assembled in space. It

comprises a large reflector system, a power-generation-and-transmission segment, and a connecting

Fig. 1: Integrated Symmetrical 

Concentrator [3].

• Carbon fiber reinforced flat mold.

• Symmetric and balanced 4-ply laminates 

with an average ply-thickness of 21.08 µm 
± 0.52 µm.

• Change in failure mechanism

with increasing fiber angle.

Future work shall focus on symmetric but non balanced laminates, in order to fully 

exploit the maximum strain achievable by each layer of the laminate. A 

micromechanical numerical investigation should complete the work.

• Thin specimens can withstand significantly higher strains than thick ones;

• Increasing fiber angles leads to drastically lower bending radii;
• The better stress distribution inside the optimized layup is responsible for the 

resulting 33% smaller bending radius.

Highly flexible, Ultra-thin CFRP Layups for
the use in Deployable Structures

• Develop a suitable bending test 

technique for ultra-thin laminates.

Fig. 2: Flat platen compression fixtures 

for ultra-thin laminates testing.

• Characterize the minimum bending 

radius of different angle-ply 

laminates.

• Optimize the layup design for a 

ultra-thin foldable hinge with 

minimum radii constraints and 

utilizing maximum stiffness.


