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AIRBUS SAFRAN LAUNCHERS GmbH, Bremen has recently executed a program for 
development of cryogenic insulations for application on upper stages for future launchers. 
Insulations under consideration are those applied inside the hydrogen tank as well as 
external surfaces of hydrogen and oxygen tanks. Currently, a status of higher than TRL 3 
has been achieved and the next phase is currently conducted heading for TRL 4 for the inner 
insulation. Until TRL 3 the IWTI foam recipe and basic material has been developed and 
down-selected to the most appropriate ones. The chemical composition and structure as well 
as the cell morphology have been frozen. Parameters for manufacturing have been 
investigated on lab scale as well in very detail and have been preliminarily frozen. 
Comprehensive characterization and qualification has been done for LN2 conditions for 
physical, mechanical and thermal properties. For the most important properties a first 
characterization test campaign has been performed under LH2 conditions. All the 
measurements and tests performed so far exhibit excellent and promising results. In the 
current development phase the insulation concepts has been established incorporating such 
components/aspects as liners, substructure fixation and NDI methods. Detailed 
characterization/qualification under LN2 and LH2 is intended to be performed on sample as 
well as on building block level. This paper refers to the achievements of the development 
performed so far and will discuss the work which has been or will be performed in the near 
future of the current phase. 

Nomenclature 
A5ME = ARIANE 5 Midlife Evolution      Mfg = Manufacturing 
Al = Aluminium 
ASL = AIRBUS SAFRAN LAUNCHERS GmbH   NDI = Non Destructive Inspection 
CT = Computer Tomography        NDT = Non Destructive Testing 
CTE = Coefficient of Thermal Expansion     PBI  = Polybenzolimide 
DLR = German Space Agency        PI  = Polyimide 
EBS = Equipment Bay Structure       PU/PUR = Polyurethane 
EIT = Equiped Insulated Tank        PVC = Polyvinylchloride 
EPC = Etage Principal Cryogénique      RT  = Room Temperature 
ESA = European Space Agency       SS  = Stainless Steel 
ETI = External Tank Insulation       THz = Terahertz 
ETF = Engine Thrust Frame        TRA = Technology Readiness Assessment 
FLPP3 = Future Launcher Preparatory Program #3   TRL = Technology Readiness Level (ECSS [8]) 
He = Helium            US  = Ultra-Sonic 
I/F = Interface             
ISS = International Space Station       α  = Thermal Expansion Coefficient 
IWTI = Inner Wetted Thermal Insulation     ρ  = Density 
LEO = Low Earth Orbit         σ  = Tensile Strength 
LH2 = Liquid Hydrogen         E  = Young's Modulus 
LOX = Liquid Oxygen          ε  = Elongation Coefficient 
LN2  = Liquid Nitrogen           λ  = Thermal Conductivity 
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I. Introduction 
IRBUS SL; Bremen has a strong heritage in developing and applying all types of space insulations ranging 
from cryogenic (LH2/He temperature) up to very high temperature applications for re-entry missions 

(~2000°C). 
All kinds of concepts have been developed in the past using vacuum super insulations, foams, fibers, 

microspheres, multi-layer (MLI) vacuum insulations with the full spectrum of materials like several metals, PUR, 
PVC, PI, PBI, KEVLAR, NOMEX, SILICA, several ceramics et cetera. The full spectrum of missions ranging from 
planetary (Mars/Moon), outer space, LEO, entry and re-entry has been considered. 
 

For more than 10 years ASL has specialized also on the development of cryogenic insulations to be used on 
launcher tanks and is doing those developments within the frame of national (DLR) projects (C3B, SUCCESS) or on 
company funded basis together with partner institutes and companies. The detailed development is done from the 
perspective of the upper stage responsible taking into account all the constraints/requirements coming from the 
prime contractor role. However, ASL has gained a broad knowledge even in the technical details of cryogenic 
insulations ranging from specification, directing of suppliers/partners, evaluating, attending and performing 
development and testing activities. 

Recently, two concepts for future launchers one for the applications inside LH2 tanks called IWTI (inner wetted 
thermal insulation) and the other one for application on external surfaces named ETI (external thermal insulation) 
based on closed cell PU foam material have been developed to a certain degree of maturity. Both materials/concepts 
have been newly developed by ASL. This offers the advantage (compared to current concepts which use off-the-
shelf materials) that these materials/concepts have been specifically established for the envisaged use and can be 
adapted and modified according to requirements evolving during the development process. Both insulations have 
gathered a maturity corresponding to TRL 3. 

Detailed information on the recipe and foam material development can be found in the previous ICES papers [4] 
& [6]. 
This paper deals with the currently performed development phase in terms of already executed activities as well as 
those planned until the phase ends. 

 

A 

Figure 1 . Location of IWTI Insulation on current A5ME LH2 & LOX Tank Configurations for Upper Stage 
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II. Inner Wetted Thermal Insulation Development Status 
Major part of the IWTI concept is the polyurethane (PU) insulation foam which has been newly and specifically 

developed for low (LH2 temperature) cryogenic conditions. 
The foam insulation has been especially designed for an optimum chemistry and cell structure morphology in 

order to achieve superior mechanical and thermal performance under these exceptional conditions. 
Compared to current state-of-the-art solutions where already on the market existing materials had been chosen, 

this approach offers excellent possibilities to find an optimized solution and to adapt the fundamental properties even 
during the course of the further maturation whenever deemed to be necessary. 

During the development of recent years this PU cryogenic insulation foam has achieved a maturity of TRL=3. 
Excellent thermal as well as mechanical performance have been demonstrated down to LH2 temperatures. 
Verification of major environments (e.g. storage at low cryogenic (LH2) temperatures, temp.-cycle, -shock et cetera) 
has been executed with superior results. 

With the excellent thermal performance of the ASL foam material, the demanding low boil-off rate requirement 
for new upper stages (A5ME) can be already fulfilled, provided the to-be-developed LH2 barrier confirms the 
expected characteristic. The currently proposed A5ME cryogenic insulation exceeds requirements  by a factor of 
approximately 5. 

The current baseline is to apply this material as spray-on foam with all the advantages concerning simpler 
processing and cost reduction. The nature of the material allows this even for large structures where current 
solutions are very limited (glued as single tiles) and tend to form unacceptable cracks during the tank filling process. 

For application on the inner tank structure the insulation has to provide sufficient barrier properties in view of 
permeation of LH2 (He) molecules. Currently, two liner variants are considered for further maturation of the IWTI 
insulation concept: metallic or polymeric liner. 

NDI methods for identification of possible defects (lab & field scale) have already been identified and 
demonstrated successfully on substrates/foam samples with artificial defects. As a lab scale method computer 
tomography (CT) has been identified and for field measurements the so-called Terahertz (THz) method which is a 
imaging procedure has been chosen (see also descriptions in para. IV). 

Comprehensive information about the IWTI foam material characterization can be found in the previous ICES 
paper on this subject [4] and in [2] & [3]. Table 1 and Figure 2 show some major mechanical and thermal 
characteristics presented in those references. 

 
 
 
 
 

Table 1 . Major properties of IWTI 
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III. TRL 3-4 - Phase Development Approach 
Emphasis will be taken on the development of the IWTI concept and concept components as well as on 

extensive verification of the thermal and mechanical performance under LH2 conditions. 
In addition, the development of an effective barrier against LH2 and He permeation into the PU foam is a major 

task of this phase. 
The following major activities are foreseen to be accomplished during the development of IWTI during the 

coming phase to gain in the end a TRL of 4. 
• Finalization of the foam material development for IWTI 
• Development of LH2/He sealing components or barriers (polymeric/metallic liner) 
• Study of manufacturing parameters and freezing of them 
• Manufacturing of bread board samples with substrate simulating the tank wall for characterization tests 
• Comprehensive characterization testing of performance parameters under LH2 conditions  
• Investigation of NDI methods for both lab and field scale application and verification on samples with 

artificial typical defects 
• Investigation of next steps to gain TRL5 
• First loop assessment for an industrialization concept for IWTI 

Detailed performance targets for the IWTI concerning functional, mechanical and thermal aspects are given in 
[4] and summarized also in [4]. The bulk of mechanical and thermal properties are generated by the foam material 
itself and are considered as already achieved in previous development phases [4]. 

Functional performances are related to the IWTI concept, e.g. LH2 barrier function by the liner. Functional 
performance demonstration is a major subject of the described development of the current phase. 

Figure 2 . Thermal Performance of IWTI (bare and with microsphere filler, results shown are taken from 
last development phase) 
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Figure 3 . Next Phase Development Logic 
 

IV. Verification Test Approach 
There are the following categories of testing: 

1. Characterization tests of IWTI PU foam material under RT and LN2 conditions 
2. Characterization tests of IWTI metallic/polymeric liner under RT and LN2 conditions 
3. Characterization tests of IWTI concepts under RT and LN2 conditions  
4. Characterization tests of IWTI concepts under LH2 conditions 
5. NDI tests on specimen with artifial defects (in foam/liner/fixation) and those used for category 4 tests. 

Categories 1. to 3. as defined above are inherent part of the components and concepts developments. Here, basic 
physical, thermal and mechanical properties and performance under RT and LN2 conditions will be determined. 

Category 4 tests are the most important ones to verify the concept mechanical and thermal performance in the 
anticipated (LH2) environment. 

Within category 5. different NDI methods (pre-selected in foregoing development phases) will be investigated 
by means of samples with artificial defects and and those subjected to Cat 4. testing (before and after tests). 

Cat. 4. & 5. tests for IWTI will be performed only on breadboard sample level. 
A summary of the Cat. 4 tests (as the most important ones as explained above) is given in Table 3 below. Most 

of the tests will be done in a facility providing the required LH2 equipment and conditions. 
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Table 2 . Cat. 4 Concept Verification Tests 
 
 
The flow plans for Cat . 4 tests are illustrated as an example for IWTI for breadboard samples (Figure 4) as well 

as for samples with artificial defects (Figure 5). 
 

 
Figure 4 . Flow plan for Cat. 4. Tests shown as example for IWTI for breadboard samples 

 

 
Figure 5 . Flow plan for Cat. 5. Tests with artificial defect samples 
 

 
Typical test set-ups used in the foregoing phases for material characterization are illustrated in Figure 6 below. 
 

Figure 6 . Typical Test Set-up's used in previous phases for foam characterization 
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V. Thermal Conductivity Test 
This test was performed to measure the most import characteristic of an insulation material. The test set-up is 

shown in Figure 7. 
 The thermal conductivity of the insulation foam at liquid 
nitrogen and liquid hydrogen conditions was tested. A 
multipurpose calorimeter was developed at ASL to be used with 
both testing media and to retain the same internal connections 
between tests to ensure repeatability. 

A gastight test container equipped with IWTI foam samples 
was exposed to the cooling media (LN2 or LH2). Inside the test 
specimen thermal sensors were installed. With measurements of 
heating power and temperature recorded the thermal conductivity 
of the foam under operational conditions could be derived. 

The LN2 tests were conducted in an insulated container large 
enough to completely submerge the test specimen, and the LH2 
tests were conducted in a separate cryostat vessel. 

All the electrical wires (power supply heater, sensors) were 
plumbed through the vacuum line leading outside the test 
specimen. The hose and interior of the test specimen was 
evacuated during the test phases. 

The results are shown in Figure 8. 

Figure 8 . Thermal Conductivity Results - Comparison of IWTI and Competitor Products 
 
 
 
 

 
Figure 7 . Thermal Conductivity Test Set-up 
performed under LH2 Conditions 
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VI. Permeability Measurements 
A. Liner Concept Development Summary 
To complete the IWTI concept an appropriate liner material shall be developed. For application on the inner tank 

structure the insulation has to provide sufficient barrier properties in view of permeation of LH2/He molecules. 
Currently, two liner variants are considered for further maturation of the IWTI concept. One is a metallic liner 
approach which feasibility has been already demonstrated for SATURN IV upper stages and the ENERGIYA 
rocket. However, the most promising solution is thought to be a polymeric liner (nano-particles filled). A most 
recent ASL R&T study performed until end of 2013 has demonstrated good LH2-barrier capabilities well sufficient 
for a 6h flight (re-ignition) and also good compatibility to the PU-foam. A polymeric liner is the preferred solution 
since it offers low cost (spray-on solution) and low mass liner (650 µm) application especially for complex 
insulation geometries. 

The metallic liner shall be newly developed and the polymeric liner shall be further developed based on the 
above mentioned ASL R&T study. This development includes the establishment of the liner concept, the selection 
of basic principle (metallic liner: metallization or metallic foil; polymeric liner: spray-on or foil), final definition of 
the liner, investigation on fixation methods and the manufacturing of liner samples. 

 
B. Permeability Test Approach 
It is planned to measure and evaluate the permeability through IWTI insulation foam samples at liquid hydrogen 

conditions.  
In addition, the tightness against helium shall be investigated. A perforated metal plate shall serve as supporting 

material for the insulation, consisting of insulation foam covered by a liner. The test specimen shall be flushed with 
liquid hydrogen while the hydrogen leak rate through the insulation layer is recorded. The test specimen will be 
integrated into an existing cryostat to provide the conditions of application. Different methods (mass spectrometry, 
flow meter, etc.) are available for investigation of the leak rate.  

The foam samples will be integrated into a test vessel that is designed for that special purpose (principle see Fig. 
9 below). The test vessel will be pre-manufactured, then the foam and cover liner will be applied and finally the test 
vessel will be tight welded. The test vessel will be lowered into an existing cryostat for thermal insulation.  

The upper part of the test vessel shall be flushed with liquid hydrogen whereas the permeation rate shall be 
measured at the lower part of the vessel below the thermal insulation foam sample.  

The test specimen will be integrated into an existing cryostat. All the electrical wires (sensors) will be led 
through a flexible corrugated hose that leads from the outside to the test specimen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 . Principle Test Set-up for Permeation Measurements 
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The permeation testing will be performed at both the metallic and the polymeric liner. For both liners a specific 
sample holder has been designed in order to take the liner specific interface to the wall (simulating the tank wall) 
into account. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 . Specific Sample Holder Design for Polymeric & Metallic Liner Permeation Measurements 
 
The test vessel will be mounted inside a cryostat which is a super-insulated vacuum cryostat, designed for a 

maximum inner pressure of 0,4 bar overpressure.  
The test vessel inside the cryostat will be filled through a vacuum-insulated supply line. Inside the cryostat a line 

routes the liquid hydrogen to the bottom of the test vessel. The test vessel and cryostat are connected with the 
exhaust gas system which is an open connection via two lines. One line is vacuum insulated leading to the vent stack 
via a pneumatic valve, the other line leads to the vent stack via a check valve with an activation pressure of 70 mbar.  

As filling level sensor PT100 sensors are positioned inside the upper cavity.  
Fig. 11 and gives an impression of the test cryostat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 . Cryostat (left) and schematic of the inner configuration (right) 

  

 

Foam sample inside holder 
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VII. NDI Methods 
The inner insulation is critical for the performance of the overall system, especially in relation to propellant 

performance of the upper stage cryogenic tanks. As spacecraft experience large temperature fluctuations when in 
orbit it is important to reduce the boil-off rate associated with temperature differences. This is intended to be 
achieved with the use of IWTI.  

The effectiveness of this insulation is reduced when the system contains defects which could have been created 
during manufacturing & integration or introduced during preparation of the launcher on ground.  

 
Typical defects include elongated pores, delamination, cracks, voids or incorrect layer adhesion. 
 
In order to detect defects within the internal cryogenic insulation NDI/NDT methods were selected in previous 

development phases for use in laboratory environment during the IWTI development and for field application later if 
the insulation will be applied on upper stages of the future launch vehicle. 
 

For lab scale samples computer tomography (CT) method has been found most appropriate. This gives an 
excellent and simple to interpret view on defects like delaminations or voids. A simple-to-apply method for making 
field measurements was sought as well, and the Terra-Hertz (THz) method appears to be attractive relative to US 
methods. This method is using an imaging process based on a radar-like approach. Evaluation of defects is only 
possible by having reference samples. This reference sample enables identification of type and criticality of possible 
defects. 
 

Typical defects are illustrated in table 4 below. In principle those defects can occur in the PU-foam layer itself or 
in the LH2 barrier (liner).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Potential Defects in PU-foam or corresponding Liners 

 
In order to verify suitability of both methods specific samples with artificial defects as listed above have been 

prepared and subjected to both NDI methods. This was done to directly compare results of the CT method, which 
are quite easy to interprete, with those of the THz method on identical samples. These samples will serve further as 
reference samples for the THz method within the frame of this phase. 
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Exemplarily, some results of both methods are compared below for a sample with artificial defects simulationg 
voids of different sizes and small cracks. As it can be seen from these pictures defects can be identified by the CT 
method easily, whereas the THz method results need some knowledge for interpretation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VIII. Conclusion 
This paper presents the status achieved so far in the current TRL 4 development of IWTI. 
The general approach for the development activities planned within this phase is described. Measurements of 

thermal performance recently accomplished for IWTI are explained comprehensively and presented together with 
corresponding results.  

The preparation of permeability measurements, which will be executed mid 2016, is described in some detail. 
Further verification of mechanical as well as thermal parameters and performance will be done by extensive 

testing on breadboard and building block levels. 
To be prepared for the application on a future launcher NDI methods are investigated for cryogenic insulations 

aiming at detecting defects which are thought unacceptable. NDI methods for lab and field scale are highlighted and 
the further proceeding is described. 

The current status of IWTI insulation is considered as nominal. No show stoppers have been identified so far. 
The development is continued within the frame of the current TRL 4 phase. 
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