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Declaration by the scientific representative of the project coordinator  
 

 

I, as scientific representative of the coordinator of this project and in line with the obligations 
as stated in Article II.2.3 of the Grant Agreement declare that: 
 
 The attached periodic report represents an accurate description of the work carried out in 

this project for this reporting period; 

 The project (tick as appropriate) 3: 

□ has fully achieved its objectives and technical goals for the period;  

 has achieved most of its objectives and technical goals for the period with 
relatively minor deviations. 

□ has failed to achieve critical objectives and/or is not at all on schedule. 
 
 The public website, if applicable 

 is up to date 

□ is not up to date 

 To my best knowledge, the financial statements which are being submitted as part of this 
report are in line with the actual work carried out and are consistent with the report on 
the resources used for the project (section 3.4) and if applicable with the certificate on 
financial statement. 

 All beneficiaries, in particular non-profit public bodies, secondary and higher education 
establishments, research organisations and SMEs, have declared to have verified their 
legal status. Any changes have been reported under section 3.2.3 (Project Management) 
in accordance with Article II.3.f of the Grant Agreement. 

 
 

Name of scientific representative of the Coordinator: 

 .. .................................................................. 
 

 

Date: ....30...../ ......8.../ ....13..... 
 

For most of the projects, the signature of this declaration could be done directly via the IT 
reporting tool through an adapted IT mechanism and in that case, no signed paper form 
needs to be sent  

 

                                                 
3 If either of these boxes below is ticked, the report should reflect these and any remedial actions taken. 
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3.1 Publishable summary 
 

DEPLOYTECH is a three part project whose primary focus is the increase in Technology Readiness 

Level (TRL) of promising deployable space technologies. The three technologies concerned are: 

 Inflatable structural components for satellites in the micro-nano satellite categories; 

 Bistable Reeled Composite (BRC) deployable booms (with special reference to solar array 

applications) for mid-large sized satellites; 

 Closed-section lenticular carbon fibre deployable booms for solar sails. 

 

3.1.1 InflateSail 

 

The test platform for the inflatable structure being developed is a 3U CubeSat called InflateSail. It 

is already earmarked for launch with QB50 (a multi-CubeSat launch to an altitude of approcimately 

320 km). InflateSail is a drag deorbiting sail, and consists of a 10 m
2
 gossamer drag sail connected 

to the satellite body by a 90 cm long inflatable rigidisable boom. The sail is sufficiently large to 

cause the satellite to deorbit significantly faster than it otherwise would have. 

 

 

Figure 1: InflateSail in its deployed configuration 

InflateSail will deploy by first inflating and rigidising its laminate boom, and then deploying its 

drag sail. The purpose of the inflatable booms is to separate the sail from the host satellite body, 

reducing the likelihood of any interaction between the sail and the host satellite’s appendages, and 

also increasing the aerodynamic stability of the satellite-sail system. Placing the drag sail 

sufficiently far aft of the system centre of mass causes the system to align with the incoming air 

flow, much like the feathers of an arrow stabilise it during flight. This prevents the sail from 

aligning itself ‘edge-on’ to the flow, and maintains a large component of the drag sail normal vector 

aligned with the flow. 

InflateSail will not only demonstrate the use of inflatable structural components, but also the use of 

a special type of open section bistable boom for solar/drag sails (see Figure 3). This type of boom 

and its deployer are quite mature concepts, being derived largely from a heritage project at SSC. 
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The sail material will be double metallised Mylar, less than 10 µm thick. For longer missions a 

Kapton or CP1 sail may be required, but Mylar is perfectly sufficient for the mission length 

proposed at present. The sail will be wrapped around a central spindle during launch (see Figure 2). 

     

Figure 2: InflateSail payload shown in the stowed (left) and deployed (right) configurations. The coiled booms 

and sail have been omitted in order to show the workings of the mechanisms.  

 

 

Figure 3: The four quadrant sail on InflateSail will be supported by four open section bistable carbon fibre 

booms. The special construction method of the booms means they coil naturally at different radii along their 

length (central image), preventing instabilities from appearing, and allowing the booms to be stowed for launch 

without the need for restrain mechanisms. 
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The inflatable skin on InflateSail’s deployable boom is made of a special laminate of Mylar/Kapton 

and aluminium (see Figure 4). The use of metal polymer laminates as a rigidisable inflatable skin 

was pioneered during NASA’s Project Echo, but it is yet to be demonstrated at a small scale as a 

structural component. 

 

Figure 4: The special construction of the inflatable skin (metal/polymer/metal laminate) allows it to be 

‘rigidised’: to maintain its deployed shape without the aid of inflation gas. The initial inflation process causes the 

origami folded laminate boom to deploy, and the laminate skin to stretch slightly beyond the metal layers’ yield 

point. Once the inflation gas has escaped into space, the boom will retain its shape indefinitely. 

The inflation system for InflateSail consists of two Cool Gas Generators (CGGs) designed by TNO 

and built by CGG Technologies. Each CGG will be capable of producing 3.9 g of pure nitrogen gas. 

CGGs are a natural choice for inflatable deorbiting structures because of their demonstrated 

longevity in space. Two CGGs are being included to create a semi-redundant system. The 

successful firing of a single CGG will produce enough gas to deploy the inflatable boom (allowing 

sail deployment), while the successful firing of both CGGs is required to cause rigidisation to occur. 

 

Figure 5: Location of CGGs in inflation system 

The work related to InflateSail performed in the first period of DEPLOYTECH includes: 

 Extensive review of relevant existing deployable technologies; 

 Overall concept and system design; 
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 Selection and extensive experimental verification of rigidisation technique; 

 Thermal analysis of deployed laminate structure; 

 Sail and inflatable folding pattern selection; 

 Worst-case dynamic loads on system during deployment; 

 Sizing and material selection for all components; 

 Orbital dynamic simulation for selected geometry; 

 Design of inflation system. 

 

The Engineering Model (EM) is currently under construction, and will be ready for testing in late 

September. Qualification will begin in early 2014, and a flight model will be ready for delivery by 

late 2014. 

It is hoped that InflateSail will demonstrate the first successful deployment of an inflatable from a 

CubeSat, and the first use of a structural inflatable of this kind. The inflatable boom will weigh 

between 30-60 g per metre, representing a clear advantage as a telescopic deployment system. 
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3.1.2 Roll-up Solar Array 

The project aims to produce a generic and highly scalable design for the deployment of solar arrays 

– arrays of photo-voltaic cells used to provide electrical power in most mid to large scale satellite 

designs. This is aimed primarily at using the new generation of flexible solar cells, which offer 

significant weight and space savings as they consist of thin flexible films that can be coiled for 

storage but the potential to use the same design to deploy more orthodox rigid solar cells will be 

explored in principle. 

The design uses a pair of bi-stable carbon fibre booms, deployed side by side with the solar cells 

stretched between them. This bi-stable boom technology, which is proprietary to RolaTube 

Technology Ltd, is also being used in a somewhat different configuration in the InflateSail project 

that also forms part of the Deploytech programme. 

 

Figure 6: Solar Array Deployed 

Discussions held with Astrium, Surrey Satellite and the Cambridge University Deployable 

Structures Group gave rise to a preliminary design that focussed on two areas: 

 Removal of what was perceived as the principle weakness of slit deployable tubes; an 

absence of torsional rigidity  

 An assessment of and selection of the simplest, most reliable method to drive the boom 

deployment 

As is sometimes the case, novel design and analysis have come together to make it clear that the 

first of these concerns, torsional rigidity, can in fact be designed around, in turn further simplifying 

the mechanism and removing a potential point of failure. This was far from clear until well into the 

programme and significant work has been done on the production and design of slit tubes that have 

good torsional rigidity, even though these will not be used in the final Array. 

Torsionally rigid bi-stable booms 
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The most significant problem encountered in using slit tubes as deployable booms is their lack of 

torsional rigidity. There have been attempts made to design methods of overcoming this problem 

dating back to the mid 1960’s but all involve either compromising the structure or increasing the 

complexity of a device whose main attraction is its utter simplicity and consequent reliability. 

RolaTube has designed a variant that avoids this by linking the slit with a secondary membrane, 

designed in such a way as to coil alongside the slit tube without problems and to deploy such as to 

increase the torsional rigidity by up to 80 times over a simple slit tube with the same material base 

and dimensions. 

Believing a stable solar array would probably need this stability, a programme was successfully 

carried through to design a method of manufacture for these booms, in itself a significant 

engineering challenge. 

 

Figure 7: Torsionally stiff slit-tube type bi-stable composite boom 

The pictures above show the result. The thin membrane linking the opposing sides of the slit boom 

are attached at hinge points, along lines normal to the centre line of the slit. When opened, this lifts 

to bridge the gap. By engineering the materials such as to have a low axial modulus, yet good 

torsional coupling, the result avoids almost all the torsional instability of a slit tubular boom. 

Although improvements in the array design led to this approach not being used, the work remains 

valid and significant interest has been shown by Astrium in using these devices in future satellite 

projects. 

Drive mechanism assessment and design 

There are a number of options available for the extension of bi-stable booms. 

Elastic extension and the use of electric motors are the most common methods but elastic extension 

requires some form of braking and motors add significantly to weight and complexity. A third 

method was examined, using an inflatable bladder to extend a boom that has no tendency to 

elastically self-deploy. 

This allows the booms to be permanently and rigidly mounted at the root and gives highly 

controllable deployment, allowing the use of flight proven compressed gas systems with very high 
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reliability ratings as the power source and reducing the number of components and hence points of 

failure to a minimum. 

Analysis of Array Structure 

A critical role in the final design has been played by the results of analysis of twin booms, if hard-

coupled by cross struts, to exhibit only minimal dependence for their rigidity on the local torsional 

stiffness of each tube. This result, confirmed by testing, led to an effort to design an array that could 

use such hard-linked cross-members. Success in designing such a linkage led to the current design, 

using simple bi-stable booms, without the torsional stiffness modification. 

 

Figure 8: Abaqus analysis output from series leading to re-design of base structure 

Final Array Design 

The mechanical design is now complete. 

The array consists of two parallel bi-stable carbon booms, the ends on the outside of the booms 

when coiled are hard mounted to a frame that supports them structurally and provides a gas feed 

manifold to the thin membrane bladders that are coiled interstitially with the booms. 

 

Figure 9: EM Solar Array Stowed 



 10 

The first deployment tests have now been successfully completed, although the Kapton membrane 

that will be used to simulate the solar cells has not yet been fitted. Video of the deployment is 

expected to be made available on the DeployTech website in early September 

 

Figure 10: EM Solar Array deployed 

The array will be completed and testing started in full by early September 2013. The flight grade 

carbon/PEEK composite for the QM has been procured and is expected to arrive in the UK at the 

end of September. 

Testing of the EM will continue through to October and will run alongside further FEA analysis to 

cross correlate performance with analytical predictions. 

Final detailed design of the QM will commence in December 2013 and it is anticipated that 

construction will be completed by May 2014. It is hoped that this work will provide satellite 

designers with a novel method of providing cost-effective solar arrays that are lighter, more 

compact and simpler and thus more reliable than the current designs. 

 

Figure 11: Concept of EM Solar Array deployed 
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3.1.3 DLR Booms for GOSSAMER 2 

The design of boom (see Figure 12) and boom deployment mechanisms (see Figure 13) of 

Gossamer-1 has been adapted to the DEPLOYTECH relevant Gossamer-2 size.  

The booms will be manufactured from shells of 0.12mm thick 0/90 plain weave CFRP stripes. The 

CFRP is a 94g/m² material made from T700 fibre and the cyanate ester resin LTM123 matrix from 

ACG/UMECO with 55% fibre volume content. The specific mass of the booms will be about 60 to 

70 gram per meter. 

The boom deployment mechanism will be made out of CFRP/Alu-Honeycomb sandwich panels. 

The functionality will be identical to the Gossamer-1 engineering model (see Figure 14): A metallic 

belt is co-coiled with the boom on the passively braked hub inside the mechanism. The boom can be 

deployed in a very controllable manner, by coiling the free end of the belt with a winch mechanism. 

 

Figure 12: Comparison of Gossamer-2 (left) and Gossamer-1 (right) boom cross section 

 

 

Figure 13: Longitudinal section through the Gossamer-2 (left) and Gossamer-1 (right) boom deployment 

mechanisms 
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Figure 14: Exemplary photograph of the Gossamer-1 boom and boom deployment mechanism EM 

The adaption of the concepts to Gossamer-2 dimensions is mainly finished. Currently, the efforts 

are focussed on the finalisation of the detailed design of the engineering model. 
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3.1.4 Project Website 

The website is at http://www.deploytech.eu and includes content for interested parties at a range of 

technical levels. In its updated form, this appears as follows: 

 

In the updated version of the website, the following sections now appear: 

 Home Page  

 Mission. A brief overview, goals and advantages of the Deploytech mission 

 Partners. Presentation of the Partners of the project. 

 Background. Historical References and technological background regarding solar and drag 

sailing and Inflatable Spacecrafts 

 Science & Technology. Scientific Information on folding techniques regarding sails and 

inflatable structures. 

 News & Dissemination (publications and conferences) 

 Contact 

 

Furthermore, website compatibility and optimization has been further improved.  

We have set up a Content Management System (CMS) for easier and more independent editing of 

the content of the website. Web content includes text and embedded graphics, photos, video, audio, 

and code (e.g., for applications) that displays content or interacts with the user 

Through a secure web platform the administrators of the site can have access to changing and 

adding content on the website without the need of technical knowledge or direct access to the 

servers files. In that way content will be updated with ease and more regularly. 

More Sections to be added in the future: 

http://www.deploytech.eu/
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 Media, including Videos of related projects and Progress photos and illustrations 

 Articles on Science and technology 

 Launch Information date and description 

 Mission status (during flight) 

 

Conference proceedings 

DEPLOYTECH will produce developments in several areas, including structures, Gossamer 

deployables, small satellites, European satellites, attitude control, solar sailing, and space debris 

mitigation. These are discussed in the project website, and also in Section 3.2.3 below. 

 


