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What are Bi-stable Reeled Composites? 
RolaTube Technology Ltd. has developed and patented a composite materials technology, 
“Bi-stable Reeled Composite” (BRC), which enables long rigid structures such as tubes to be 
stored as compact, coiled bands as shown above.  Developed originally in response to a 
demand for a strong, portable, roll-up pole for deploying industrial sensors, BRC is a new 
enabling materials technology with many applications for portable structures and devices. 
 
Coiled, extendible structures made from metal and forming overlapped tubes were 
developed by F. P. J. Rimrott in the 1950’s (see Bibliography) and have been extensively 
used for the antennae of satellites. They have however never been widely used for other 
purposes as the very thin nature of metal shells of this type makes them suitable only for low 
loads and the complexity and weight of coiling mechanisms needed to deploy them makes 
them unattractive for general use. 
 
The difference between BRCs and any other coiled, extendible structure (such as a 
carpenter’s tape measure) is that the structure of the material from which a BRC is formed 
has been engineered in such a way as to make both the extended and the coiled forms 
stable. Thus a BRC tape measure would require no case, coil or return spring but could be 
rolled and unrolled freely to any desired length. 
 
Bi-stable Reeled Composites can be used in two basic ways.  Firstly they can be used as a 
replacement for telescopic or other extension mechanisms where they can achieve 
significantly greater extensions than other mechanisms without the change in diameter 
associated with telescoping tubes.   
 
Secondly they can be used for single deployments of structural tubes or pipes, where their 
compact form and continuous nature offers a reduction in transport and installation costs.  
When used in this way BRCs can be welded to form sealed pipes as they are deployed, with 
burst performance comparable to that of a conventional, helically wound composite pipe. 
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Potential applications for Bi-stable Reeled Composites 
Bi-stable reeled composites represent a new addition to the mechanical and structural 
engineer’s toolkit.  They offer significant advantages over orthodox techniques for 
compacting structures or for the production of extending and retracting mechanisms in many 
areas. 

To date a number of RolaTube mechanisms comprising a powered BRC mast have proved 
themselves in the areas of remote inspection of industrial plant.  They can also be used for 
the deployment of cameras, lights and other instruments in the film and TV, security and 
emergency services industries. 

Cables, optical fibre and sensors can be embedded into the BRCs at the time of 
manufacture.  This offers the opportunity to remove the need for umbilical cables in access 
and inspection equipment and the possibility of installing pipelines that can monitor their own 
condition and allow the simultaneous installation of pipes for utilities and broadband 
communications. 

There are many uses of BRCs, some of which include: 

• Tents and portable shelters 

• Camera and microphone booms 

• Coiled linear actuators (mechanically or pneumatically driven) 

• Hand-held and vehicle-mounted surveillance systems and manipulators 

• Disability aids 

• Cable sheathing, ducting and management systems 

• Pipe re-lining systems 

• Water, gas and oil pipelines 

• Pipe jacketing and insulation systems  

• Consumer gadgets and toys 

 

Benefits of Bi-stable Reeled Composites 
BRCs enable long, rigid structures to roll up into compact coils.  Their key benefits include: 

• Portability 

• Ease of access 

• Ease of storage 

• Simple drive mechanisms 

• Ease of use 

• High cycle life 

• Corrosion-resistant materials 

Data given on this sheet are for general information only and should not be used for design purposes.  The properties of polymers in particular are 
subject to a wide range of variation dependent on grade and operating conditions.  RolaTube is unable to accept any responsibility or liability, 
direct or consequential, for loss or damage caused as a result of the information provided.  Anyone seeking information on the suitability of bi-
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How do BRCs work? 
BRCs are made from laminated, fibre-reinforced composites.  The basic mechanism involved 
uses the fact that as a curved surface is straightened the inner surface gets longer and the 
outer surface shorter.  The surface layers of the BRC have fibre reinforcements which are 
orientated at an angle to the axis of the tube.  These fibres are deformed as the initial 
curvature is straightened as shown in the diagram below. 
 

 
 
 
The surface fibres in the tubular form A are deformed as the tube is opened to form the coil 
as shown in B. As a result of this deformation a force is exerted which causes the opened 
section to curve into the second, coiled form.  In engineering terms these surface layers have 
high Poisson's ratios. 
 
Normally when something is bent the amount of energy stored by that bending (the total 
strain energy) rises as the bend increases.  Thus, an arrow flies further the more the bow is 
bent.  In BRCs, once the curve along the axis flattens as the tube is opened, the stiffness 
along this axis drops and the forces acting on the material of the tube can act to force it into 
the coiled form.  As this second curve forms, the total strain energy drops as shown on the 
graph below. 
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At the same time as the strain energy is dropping, the stiffness of the BRC along the coil axis 
is increasing as a result of its increasing curvature.  Provided there is insufficient energy at 
the second minimum to overcome this increased stiffness along the coil axis, the coil will 
remain stable. 
 
The example given above shows a BRC that has been formed as a tube and has a second, 
coiled, stable form.  It is also possible to form BRCs as constant radius coils.  When uncoiled 
these adopt a second, stable, tubular form. 
 
When BRCs were invented, no mathematical analysis tools existed which could predict the 
relationship between the first and second forms, or decide what combination of fibre angles 
and matrix polymers would possess the second stable form.  Over the last four years, 
RolaTube Technology has been working with Cambridge University's Deployable Structures 
Group to develop a mathematical model that can accurately predict this behaviour. 
 

Materials suitable for Bi-stable Reeled Composites 
BRCs are made from a variety of fibre-reinforced plastics. A wide variety of polymers 
reinforcing fibres can be used. In general, thermoplastic polymers such as polyethylene, 
polypropylene and polyamide (nylon) are preferred as the matrix materials over the epoxy or 
polyester resins more customarily used in the composites industry.  However, polyesters and 
some other thermosetting polymers can be used for BRCs.   

Thermoplastics offer both faster production and better toughness in the finished product.  
Almost any fibre that can be successfully bonded to the choice of matrix polymer can be 
used for reinforcement, although E-glass is the most commonly used as its combination of 
high performance and low cost is difficult to beat. 

The use of thermoplastic matrix polymers also allows a BRC that has an extended form with 
overlapping edges to be welded along the overlap using orthodox thermoplastic welding 
techniques.  This allows pressure piping to be transported in a highly compact form as long, 
continuous coils, which can be welded to form a seal at the point of use.   

RolaTube currently uses a variety of pre-impregnated (“pre-preg”) composite tapes and 
braids. Some of the available materials are given below, together with their relevant 
mechanical characteristics: 

Reinforcing fibres 
 
Fibre Tensile modulus Tensile  strength 

 GPa psi x 106 GPa psi x 103

Polyester 37 5 1.8 236

E –Glass 72 11 3.5 511

S – glass 87 13 4.9 715

Aramid (e.g. Kevlar®) 130 19 2.7 394

Carbon 360 53 4.4 642

Steel 50-200 7-29 0.2-1.0 29-146

  

Data given on this sheet are for general information only and should not be used for design purposes.  The properties of polymers in particular are 
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Polymers suitable for the plastic matrix 
 
Polymer Maximum 

working 
temperature

Maximum 
working 

temperature 
 °C °F 

Urethane-modified polyester resins 68 148 

ABS  (acronitryl butadiene styrene) 93 194 

Polyethylene (HDPE) 80 176 

Polypropylene (PP) 108 220 

Polyurethanes – thermoplastic & 
thermosetting 

108 220 

Vinyl ester resins 120 241 

PES  (polyethanylsuphonate) 156 306 

Nylon  (PA6/PA11) 160 313 

Epoxy resins 200 385 

PEEK (polyetheretherketone) 260 493 

 
These maximum working temperatures have been de-rated by 20% from the manufacturers’ 
recommendations in order to provide an increased margin of safety in load-bearing 
applications. 
 
It is also possible in principle to manufacture BRCs from high tensile, molecularly-aligned 
high density polyethylene (HDPE) fibres in an HDPE matrix. This material would enable the 
production of pipe with both high chemical resistance and a much higher mechanical 
strength than usually associated with HDPE.  
 
Many other materials can be used.  Natural fibres such as cotton and hemp, or metal fibres 
can be used for reinforcements, and almost any polymer which will bond to a given fibre can 
be used to form a matrix.  
 

Mechanical Characteristics of BRC Materials 
The mechanical characteristics of composites vary with the choice of materials and 
according to the direction in which the fibres are laid.  Although the surface fibres need to be 
at a substantial angle to both the tube and coil axes, the fibres in the other layers of the BRC 
can lie in these axes, allowing the bending, tensile and hoop strengths of the tubular form to 
be optimised, within limits, for different uses. 
 
Due to the large number of combinations of matrix and fibre from which BRCs can be made it 
is not possible to give a complete list. The data given below illustrate the axial characteristics 
of BRCs made from unidirectional glass/polypropylene tape containing 65% glass by weight. 
Detailed data on other materials can be supplied on request. 
 

Data given on this sheet are for general information only and should not be used for design purposes.  The properties of polymers in particular are 
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Glass/Polypropylene 
 
 Metric Imperial 
Density 1.48 1.48 

Tensile Strength 178 MPa 26,000 psi 

Tensile Modulus 11 GPa 2 x 106 psi 

Strain to Break 2.4% 2.4% 

Flexural Strength at 80°C/176°F  57 MPa 6,900 psi 

Flexural Modulus at 80°C/176°F 1.3 GPa 190,000 psi 

Boeing Compressive Strength 366 MPa 53,000 psi 

Heat Deformation Temperature at 1.8 MPa 156°C 313°F 

 

General technical information on BRC structures 
RolaTube BRCs can be customised for different uses. The data given below are indicative of 
the range of properties achievable. An important performance limitation on the design of 
BRCs is the relationship between the diameters of the tubular and coiled forms and the 
thickness of a wall that can go through the transition between the two states without 
breaking.  Although this imposes a limit for any given combination of matrix and 
reinforcement, this can be overcome by sleeving two or more BRCs together as they are 
deployed into the tubular form, allowing high tensile structural elements and high burst-
strength pipes to be formed.  
 
Anyone seeking information on the suitability of BRCs for a particular purpose should contact 
RolaTube. 

Bending Stiffness and Failure 
The figures given below are illustrative for two unseamed tubular sections with a 50° 
overlap.  Both were formed from glass/polypropylene tape, general characteristics of which 
are supplied in the materials data above. 
 
90 mm diameter Glass/Polypropylene BRC tube with 2.2 mm wall  
 
 

Length of extension  Deflection per unit 
load 

 

Metres Feet mm per 
Kilogram

inches per 
Pound

1 3.3 1.5 0.03

2 6.6 4.0 0.07

3 9.8 7.0 0.13

4 13.1 14.0 0.25

5 16.4 26.0 0.47
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150 mm diameter Glass/Propylene BRC tube with 2.2 mm wall   
 

Length of extension  Deflection per unit 
load 

 

Metres Feet mm per 
Kilogram

inches per 
Pound

1 3.3 0.4 0.01

2 6.6 1.0 0.02

3 9.8 2.0 0.04

4 13.1 3.5 0.06

5 16.4 6.0 0.11

 
The above data are averages from the testing of two booms produced for the deployment of 
cameras for inspection purposes. 

Tensile Strength and Modulus 
The axial tensile strength and modulus of BRCs are dependent on the material used, and on 
the degree to which the structure is optimised to enhance these characteristics.  As a rule of 
thumb, they are in the region of half the absolute value of a continuous unidirectional 
composite of the same material. The 90mm and 150mm glass/polypropylene BRC tubes, the 
bending characteristics of which are described above, are rated for safe working loads of 200 
and 400 kilograms (440 and 880 lbs), respectively. 

Sealing and Pressure Containment 
BRCs can be sealed along an overlapped seam to provide a pressure retaining tube. Sealing 
can be by welding, where the matrix is thermoplastic, adhesive bonding or mechanical 
closure, such as a gasketed zip.  For welded thermoplastic BRCs the pressure rating can be 
comparable to that of a continuous, filament-wound composite tube.  Prototype welded 
glass-HDPE pipe samples with a nominal ID of 100mm (4”) and a 2.5mm thick wall achieved 
burst pressures of 60 bar (880psi).  Where higher pressure ratings are desirable two or more 
BRCs may be sleeved concentrically.  RolaTube is conducting further research on joining 
technologies in partnership with Cambridge University’s Engineering Department and TWI.  

Collapse Strength 
Behaviour in collapse is complex and difficult to predict accurately, as conditions giving rise 
to collapse can vary widely.  As a rule of thumb, evenly distributed collapse pressure ratings 
are around half of the burst strength. 

Fatigue Strength 
Fatigue performance is a function of the materials used for a specific element and of the 
thickness to diameter ratio (T/D).  A number of glass/polypropylene tube samples of high T/D 
ratios (1:35) have been taken to 1000 flexions and glass/nylon tube samples to over 5,000 
full cycles (1 cycle = 2 flexions). Glass-polypropylene strip samples have been taken to over 
100,000 cycles without failure. 

Porosity and Absorbtion of Fluids 
In general, the absorption of fluids into the materials used in the manufacture of BRCs is low.  
Wherever the BRC is to be exposed to fluids, care is taken in the design to avoid the 
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exposure of fibre ends and, except with urethane-modified polyesters, water osmosis is not a 
problem.  Some hydrocarbons, particularly at high pressures, will penetrate some matrices 
causing swelling of the composite.  Where this may occur, alternative matrices, for example 
epoxies, may be used or an impermeable inner liner may be incorporated into the structure. 
 
High relative humidity is not normally a problem in most materials used for BRC 
manufacture, but in cases where both heat and humidity are likely to be exceptional and 
exposure continuous, such as tropical environments, some matrices may suffer from fungal 
attack. Specific advice should be sought from RolaTube before using BRCs in such 
environments. 

Abrasion resistance 
Some combinations of matrix and reinforcement can have extremely good abrasion 
resistance.  In particular aramid (Kevlar®) reinforcements and some epoxy and polyamide 
matrices are highly abrasion resistant.  In cases where this is a prime consideration the 
surface may also be armoured with stainless or carbon steel rubbing strips. 

Operating Temperature 
The operating temperature limitations almost always depend on the nature of the matrix 
polymer, as most reinforcing fibres have high working temperatures. 
 
By choosing the correct matrix a range of operating temperatures can be achieved, from   
-40°C to around 300°C (-40°F to 572°F).  Details of some of the available matrix polymers 
and their maximum operating temperatures are shown in the section on materials above. 
 
Profile Options 
BRCs are commonly produced with circular sections, but a range of compound curved 
sections are also possible. 
 
BRCs can also be produced which extend to form curved structures such as hoops, spirals 
and helixes. These curved extensions can be combined with straight sections to form 
complex shapes, which can still be rolled and unrolled in the same manner as a simple tube.  
 
Integrated Electronics and Sensors 
The processes used allow a wide range of functional items to be embedded within the 
material of the BRC at the time of manufacture. Power and data cables and fibre optic cables 
can thus be made an integral part of the BRC, eliminating separate umbilicals. Sensors such 
as strain gauges, proximity detectors and fibre optic sensor arrays can also be built in to the 
material. As a general rule, anything sufficiently flexible to cope with the strains of transition, 
and capable of surviving the temperatures and pressures involved in processing can be 
embedded to form part of the BRC. 
 
RF Shielding 
Where it is desirable to provide for RF shielding or to sheath-earth a BRC braided or thin 
plate conductors can be laminated into the wall.  
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by patents in other countries.  Other patents are pending. 
 
 
 
 

For more information, please contact: 
 

RolaTube Technology Ltd. 
106 Windmill Road 

Brentford 
Middlesex TW8 9NA 

United Kingdom 
 

Tel: +44 (0)208-569-8888 
Fax: +44 (0)208-569-9999 
Email: info@rolatube.com 

 
www.rolatube.com 
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