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1. INTRODUCTION 

In this document information about the materials produced and procured by Thales Alenia 
Space Italia (TAS-I) for the ROSSINI2 irradiation test campaign are given. 
 

1.1.1 Applicable Documents 

 

[AD1] Invitation to Tender AO/1-6765/11/NL/AT: “Radiation Shielding by ISRU and/or 
innovative materials for EVA, vehicles and habitats” 

[AD2] ROSSINI2 Proposal 

 

1.1.2 Reference Documents 

[RD1] NASA  

[RD2] ZOTEK™ F30 Product Data Sheet 

[RD3] R. Destefanis, “SPACE ENVIRONMENT CHARACTERISATION OF KEVLAR® : 
GOOD FOR BULLETS, DEBRIS AND RADIATION TOO”  

[RD4] 3M™ Nextel™ Fiber 312 and 440 10/28/14 Safety Data Sheet 

 

 

 

1.2 List of acronym 

CFRP  Carbon Fiber Reiforced Plastic 

ESA  European Space Agency 

ISS  International Space Station 

MDPS  Micro-Meteoroids and Debris Protection System 

MLI  Multi Layer Insulator 

RD  Reference Document 

ROSSINI Radiation Shielding by ISRU and/or Innovative Materials of EVA, Spacecraft and 

Habitats 

TBD  To be Determined 

TAS-I  Thales Alenia Space Italia 
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2. MATERIAL LIST 

Different kinds of materials were provided and/or produced in order to reproduce typical deep 
space habitats configurations and to test them under different kinds of radiation.  
In particular, one of the goal of ROSSINI2 is to study the effects of layering on the radiation field 
found inside a typical deep space or planetary habitat, therefore each material has been kept 
separated from the others, to allow the mounting and consequent testing of different 
arrangements.  
 
The provided materials will allow the creation of multilayer configurations able to reproduce both 
traditional and inflatable concepts. 
 
In the following paragraphs the description of the sample materials is given.    
 

2.1 Material list of December 2015 irradiation test  campaign 

The following materials have been selected for the first irradiation test campaigns.  
 

# Description 
/ Code Material name x 

[mm] 
y 

[mm] 
z 

[mm] 
Density 
[g/cm3] 

Aeric 
Density 
[g/cm2] 

1 GE27261 Al 5056 200 200 57 2.64 - 
2 GT30570 Al 5056 200 200 60 2.64 - 
3 Zotek F30 Zotek F30 200 200 25.4 0.03 0.0762 
4 GN01582 Al 2024-0 clad 200 200 0.508 2.78 0.1412 
5 GP3092 T3001k 200 200 0.6 1.5 0.0900 
6 GT27969 Al 2024-T8 200 200 1 2.78 0.2780 
7 GP30942 T3001k 200 200 1 1.5 0.1500 

8 
18 kevlar 
layer in 

epoxy resins 
Kevlar Resins 300 300 6 1.1667 0.7000 

9 PPSU Polyphenylsulfon 192 192 31 1.2900 3.9990 

10 Nextel 8 
layers Nextel 8   7 1.1429 0.8000 

11 
Inflatable 

Kevlar+Blad
der 

Kevlar layer 300 300 - - 0.0280 

Bladder 300 300 - - 
 

12 Nextel 4 
layers Nextel 4 - - 3.5 1.1429 0.4000 

13 VECTRAN VECTRAN      
 
A description of each one of them follows. 
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2.1.1 Honeycomb Al 

Honeycomb structures have the geometry of a honeycomb and are used in space to allow the 
minimization of the amount of used material to reach minimal weight and minimal material cost 
keeping, at the same time, relative high out-of-plane compression properties and out-of-plane 
shear properties. 
There are many shapes and features possible for honeycombs and in the framework of this 
project two different samples are provided, of the same Aluminum alloy, Al 5056, and with 
different hexagonal cells densities.  
Test sample #1 and #2 pictures are reported in the next figure. 
 

 
Figure 2-1: Honeycomb test samples of different den sities 

 
Aluminum 5056 composition is given here below, in weight percentages.  
 

Al 5056 
Al Si Fe Cu Mn 
93.95 0.2 0.3 0.1 0.125 
Mg Cr Ni Zn Ti 
5.1 0.125 0 0.1 0 

 
 

2.1.1.1 Safety Issue 

Sharp edges, handle with care. 
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2.1.2 Zotek F30 

ZOTEK™ F 30 is a closed cell foam of density 1.9 pcf made from KYNAR® PVDF 
(polyvinylidene fluoride) available in sheet form. The material can be thermoformed into simple 
and complex shapes and is a remarkable material. It shows in fact exceptionally wide 
temperature tolerance (to 160 degrees C), excellent UV, nuclear radiation and ageing 
resistance, high dielectric strength and outstanding resistance to a wide range of solvents and 
aggressive chemicals [RD2]. 
In is used in the spacecraft internals, both in inflatable and in rigid module configurations.  
 
Test sample #3 is a peace of Zotek F30 of 200x200x 25.4 mm, with an aeric density of 0.03 
g/cm3. 
 

 
Figure 2-2: test sample #3, Zotek F30 foam slab 

 
 

2.1.2.1 Safety Issue 

None 
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2.1.3 Al 2024 

Aluminum 2024 is one of the most used materials in space.  
It is used both to guarantee structural resistance both to protect the spacecraft from debris and 
micrometeoroids.  
3 pieces of 0.508 mm of thickness and 5 of 1 mm are provided, in order to be able to test 
multilayered configurations where this materials is employed in different ways.  
 

 

 
Figure 2-3: Test samples #4 and #6, Al2024 panels o f different thicknesses 

 
Aluminum 2024 composition is given here below, in weight percentages. 

 
Al 2024 

Al Si Fe Cu Mn 
92.4 0.5 0.5 4 0.6 
Mg Cr Ni Zn Ti 
1.5 0.1 0 0.25 0.15 

 
 

2.1.3.1 Safety Issue 

Sharp edges, handle with care. 
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2.1.4 CFRP panels 

Carbon fiber–reinforced plastic (CFRP, or often simply carbon fiber) is an extremely strong and 
light fiber-reinforced plastic which contains carbon fibers.  
They can be expensive to produce but are used wherever high strength-to-weight ratio and 
rigidity are required.  
They could be used instead of Aluminum as primary structure in a spacecraft, and in the 
framework of this project it is interesting to study the differences in radiation shielding capability 
of these two options. 
 
The CFRP panels were made in the production department of Thales Alenia Space Italia, 
Torino, using carbon fiber and impregnate them it in Hexcel resins. 
 
2 pieces of 0.6 mm of thickness and 2 of 1 mm are provided, in order to be able to test 
multilayered configurations.  
 

 
Figure 2-4: Test samples #5 and #7, CFRP panels of different thicknesses 

 

Sample 
Number 

Description / 
Code 

Material 
Name x [mm] y [mm] z [mm] Density 

[g/cm 3] 

Aeric 
Density 
[g/cm 2] 

5 GP3092 T3001k 200 200 0.6 1.5 0.0900 
7 GP30942 T3001k 200 200 1 1.5 0.1500 

 

2.1.4.1 Safety Issue 

Sharp edges, handle with care, using gloves. 
See attached Safety Datasheet for the initial carbon fiber and epoxy materials, applicable in 
case the material is broken and some dust is freed. 
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2.1.5 Kevlar Resins MDPS 

The Kevlar-Resin plates are made of 18 layers of Kevlar fabric 129, style 812 (0.028 g/cm2 per 
layer), plus CIBA 914 Epoxy Resin, having an impregnation mass percentage in the range from 
30 to 38% of total composite mass.  
 
Kevlar® is a material extensively used for the design and manufacturing of the shields 
protecting the manned elements of the International Space Station (ISS) from the threat posed 
by meteoroids and space debris that increasingly pollute the Earth orbits . 
Kevlar (poly(p-phenylene terephthalamide) - PPTA) is an organic fiber (patented by DuPont) in 
aromatic polyamide family designated as aramid fibres. 
 

 
Figure 2-5: test sample #8, 18 kevlar layer in epox y resins 

 
The chemical composition and the correspondent elemental weight fractions are reported 
hereafter.  
 

Material Name Chemical Formula  Element [txt] Weight fraction 
[%] 

Kevlar C14-N2-O2-H10 

C 70.58% 
N 11.76% 
O 13.43% 
H 4.23% 

 
 

2.1.5.1 Safety Issue 

None 
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2.1.6 PSU  

PSU is a material characterized by high thermal and mechanical capacity, high impact strength, 
the ability to be flame retardant and with a good chemical and radiation resistance.  
It can be used both as internal outfitting in spacecraft, also with structural properties and, 
consequently treated, can be used as window materials. 
 

 
Figure 2-6: PSU test sample #9 

 
Its chemical designation is Polyphenylsulfone, the DIN-Abbreviation is PPSU. 
 
 

# Description 
/ Code Material name x 

[mm] 
y 

[mm] 
z 

[mm] 
Density 
[g/cm 3] 

Aeric 
Density 
[g/cm 2] 

9 PPSU Polyphenylsulfon 192 192 31 1.2900 3.9990 
 
 
 

2.1.6.1 Safety Issue 

None 
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2.1.7 Nextel MDPS 

Reinforcement Fiber used in the Meteoroids and Debris Protection System (MDPS) of typical 
spacecraft.  
Nextel textiles meet space standard requirements such as abrasion resistance, high thermal 
insulation properties, good thermal mechanical properties, high electrical resistance at elevated 
temperature. 
In space they are used as micrometeorite shield is for impact protection from outerspace debris, 
door seals, shuttle tiles, and many others.  
 

 
Figure 2-7: 2 nextel test samples 

 
Nextel chemical composition 

Al2O3 62.5 % 
SiO2 24.5 % 
B2O3 13 % 

 

Material Name Element [txt] Weight fraction 
[%] 

Nextel  312 

Al 32.6 
Si 11.3 
B 4.3 
O 51.6 

 

2.1.7.1 Safety Issue 

Carefully read the safety data sheet [RD4] for information, reported here in Annex 1, at page 16.  
Samples must be handled with gloves. Do not cut the samples to avoid dust dispersion.  
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2.1.8 Inflatable MDPS Kevlar+Bladder 

This sample is characteristic of the internal layer found in inflatable habitats. In particular it is 
made of two different layer: 

• A Kevlar fabric style 312 0.0280 g/cm2, which will face the inside of the habitat, in direct 
contact with air 

• A Coretech® CBRN (brown) layer, thick 0.668mm, and composed by PU / PTFE / PU 
layer, as shown Figure 2-9. The majority of the bladder can be thought of made by PU 
(about 0.6 mm) and in the simulation the PTFE layer can be ignored. This layer is water 
repellent and is guaranteeing the insulation.  
 

 
Figure 2-8: Test sample of an inflatable module int ernal layer 

 

 
Figure 2-9: Bladder PU / PTFE / PU layers (courtesy  of STEP2 project) 
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Material Name Chemical Formula  Element [txt] Weight fraction 
[%] 

Kevlar C14-N2-O2-H10 

C 70.58% 
N 11.76% 
O 13.43% 
H 4.23% 

Coretech® CBRN  PU / PTFE / PU - - 
 
 
 

2.1.8.1 Safety Issue 

None. 
No not cut the samples to avoid dispersions of Kevlar fabric dust.  
 
 
 

2.1.9 VECTRAN fibers 

Vectran’s golden fibers are noted for their thermal stability at high temperatures, high strength 
and modulus, low creep, and good chemical stability. 
Vectran fibers are used as reinforcing fibers for ropes, cables, sailcloth and advanced 
composite materials. Vectran is used as one of the layers in the softgoods structure of NASA’s 
Extravehicular Mobility Unit (spacesuit) and was the fabric used for all of the airbag landings on 
Mars.  
 
Vectran will be a key component in future inflatable structures for space.  
 
Density of the fiber is 1.4 g/cm3. 
Information on the aeric density of the samples will be sent when available and this TN will be 
updated accordingly.  
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3. TEST CONFIGURATION 

 
To be written  
 
High resistance Advanced Shields (AS) composed of an external aluminum bumper and an 
intermediate Nextel-Kevlar epoxy panel (for the areas most exposed to the debris environment). 
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APPENDICES : Nextel Safety Datasheet 
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APPENDICES : Test Samples List 
 

Sample 
Number  

Description / 
Code Material Name x [mm]  y [mm] z [mm] Density 

[g/cm3] 

Aeric 
Density 
[g/cm2] 

Safety issues 

1 GE27261 Al 5056 200 200 57 2.64 Only of Al Sharp edges 
2 GT30570 Al 5056 200 200 60 2.64 Only of Al Sharp edges 
3 Zotek F30 Zotek F30  200 200 25.4 0.03 0.0762 None 
4 GN01582 Al 2024-0 clad 200 200 0.508 2.78 0.1412 None  
5 GP3092 T3001k 200 200 0.6 1.5 0.0900 Handle with gloves 
6 GT27969 Al 2024-T8 200 200 1 2.78 0.2780 None 
7 GP30942 T3001k 200 200 1 1.5 0.1500 Handle with gloves 

8 18 kevlar layer 
in epoxy resins 

Kevlar Resins 300 300 6 1.1667 0.7000 None 

9 PPSU Polyphenylsulfon 192 192 31 1.2900 3.9990 None 
10 Nextel 8 layers Nextel 8 150 150 7 1.1429 0.8000 Handle with gloves 

11 
Inflatable 
Kevlar+Bladder 

Kevlar layer 300 300 - - 0.0280 None 
PU / PTFE / PU 300 300 0.668 - - None 

12 Nextel 4 layers Nextel 4 150 190 3.5 1.1429 0.4000 Handle with gloves 
13 VECTRAN VECTRAN - - - - - Handle with gloves 
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Sample 
Number  Material Name Note 

1 Al 5056 AMS-C-7438  average honecomb density 3.1 lb/ft3 ,  0.04966 g/cm3 
2 Al 5056 AMS-C-7438  average honecomb density 4.5 lb/ft3 ,  0.07208 g/cm3 
3 Zotek F30  Density of 1.9 pcf 
4 Al 2024-0 clad 3 pieces 
5 T3001k 2 pieces of Hexcel resin + carbon fiber 
6 Al 2024-T8 5 pieces 
7 T3001k 2 pieces of Hexcel resin + carbon fiber 

8 Kevlar Resins 
The Kevlar-Resin plates are made of Kevlar fabric 129, style 812 (0.028 g/cm2 per layer), plus CIBA 914 
Epoxy Resin, having an impregnation mass percentage in the range from  30 to 38% of total composite 
mass 

9 Polyphenylsulfon RADEL type  
10 Nextel 8 The Nextel fabric is AF-62, style 312 (0.1 g/cm2 per layer). 

11 
Kevlar layer Kevlar fabric 129, style 812. Check on aeric density with measurements  
PU / PTFE / PU Coretech® CBRN (brown) , PU / PTFE / PU layers, about 0.6 mm of PU and 0.068 mm of PTFE 

12 Nextel 4 The Nextel fabric is AF-62, style 312 (0.1 g/cm2 per layer). 
13 VECTRAN TBD 
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