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ABSTRACT 

The Surrey Space Centre (SSC) and Surrey Satellite 

Technology (SSTL) are collaborating in a Centre for 

Earth Observation Instrumentation (CEOI) funded 

programme to develop a deployable optical telescope 

system for small satellites. Current Earth observation 

optical telescopes are launched with a fixed focal length 

that dictates the size of the satellite it is launched on. A 

deployable telescope offers the possibility of launching 

on smaller satellite platforms, reducing the cost, with no 

reduction in resolution because the focal length in orbit 

is the same. A trade-off study showed that a structure of 

a large diameter concentric tubes would provide a 

suitable structure. A novel deployable telescope 

mechanism is designed that utilises a gear and 

leadscrew arrangement to deploy. A breadboard model, 

consisting of flight materials and 3D printed parts, 

shows a high level of deployment repeatability. Future 

work includes more extensive testing of a development 

model.  

 

INTRODUCTION 

Deployable structures have a long history in the space 

industry owing to their ability to span large volumes 

once released from their much smaller launch 

configuration. Sensors, drag sails, antenna, solar panels 

and other instrumentation have been deployed in space 

by active or passive mechanisms to form rigid 

structures. As the industry continues to grow deployable 

mechanisms are being investigated to deploy higher risk 

items on which the mission will succeed or fail. 

Deployment of a telescope certainly falls into a high-

risk category as failure to deploy to the correct focal 

length would render the system obsolete.  

Earth observation is an expanding industry with 

applications covering, meteorology, defence and 

security, climate change and agriculture. Deployable 

telescope demonstrations are few but there are some 

designs that have moved past the preliminary design 

phases [1, 2].  

There is a market for a deployable telescope that can be 

launched on cheaper smaller platforms so that a 

constellation of satellites can be formed [3]. Typically, 

Earth Observation (EO) satellites are launched into Low 

Earth Orbit (LEO) in sun synchronous orbits meaning 

that they are not observing the same location of the 

Earth, unlike geosynchronous orbits. A constellation of 

high-resolution deployable telescope satellites will 

decrease the revisit time of the satellites making them 

more appealing to customers.  

The Surrey Space Centre (SSC) has strong ties with 

Surrey Satellite Technology Ltd. (SSTL) and so have 

collaborated in a Centre for Earth Observation 

Instrumentation (CEOI) funded programme to increase 

the capability of small satellites by designing a 

deployable telescope [4]. The first section of this paper 

outlines the requirements of the system and summarises 

Table 1. Deployable telescope key requirements 

Req. Description 

PEF-1 Deployment repeatability <1mm in any axis. 

PER-2 Thermoelastic distortion uniform and gradient across of the structure -5ºC to 0ºC <20um 

decentration, <0.01º tilt and <5um separation. 

PER-3 Geometric footprint within 450mmx450mm. 

PER-4 Deployed first model frequency >100Hz 

PER-5 50g quasi-static load in each axis 

PER-6 Deploy a secondary mirror 750mm from the primary mirror 

PER-7 Accommodate a 300mm diameter primary mirror 

OPT-1 The design shall provide stray light management 

OPT-2 The design shall incorporate Multi-Layer Insulation (MLI) over the structure 

OPT-3 The design shall include a harness of ten 24awg wires from the secondary mirror to the 

bulkhead 
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the in-depth trade-off study conducted. This is followed 

by a description of the final design and work conducted 

to build to a breadboard model, which is a combination 

of metallic and 3D printed parts. Deployment 

repeatability testing of the breadboard model will be 

presented and finally preliminary work on a 

development model will be discussed.  

  

REQUIREMENTS 

Using SSTL’s expertise and experience, a set of 

requirements was compiled, which formed the 

foundation for the design. Table 1 shows a summary of 

the requirements that the deployable telescope design 

had to conform to. The telescope configuration was 

proposed by SSTL and is a modified Cassegrain 

telescope, the configuration of and light path of such a 

telescope is shown in Figure 1. A Cassegrain telescope 

reduces the front-end length required to achieve a focal 

length as the light is reflected from a primary to a 

secondary mirror, unlike a Newtonian or refracting 

telescope [5]. 

 

TRADE-OFF STUDY 

Truss Structure 

Any design that is based on extensive space heritage is 

favourable and there are few deployable mechanisms 

that beat tape spring hinges, shown in Figure 2. Tape 

springs can offer self-deployment and self-locking 

abilities with essentially no complex parts. Tape springs 

have deployed numerous solar panels as well as forming 

joints in a truss structure [6,7]. They can be used as self- 

locking hinges connecting rigid elements or as parts of 

trusses, where they can be mounted at different angles 

[8, 9]. Tape springs are typically manufactured from 

beryllium-copper or spring steel, but carbon fibre 

reinforced polymer (CFRP) materials are also used and 

offer a low coefficient of thermal expansion [10].  

 

 
Figure 2. Stowed trusses attached using two tape 

spring hinges.  

 

The first deployable structure considered in the study 

used a combination of composite tape spring hinges and 

CFRP trusses. The early concept is shown in Figure 3 

where the blue elements would consist of a single set of 

hinges each. The tape hinges allow the structure to be 

stowed and a hold-down mechanism prevents 

deployment. In orbit the hold-down mechanism is 

released and the stored strain energy in the hinges 

deploys the structure.  

 

 
Figure 3. Truss structure concept. 

 

Telescopic Tubes 

In 2007 SSTL developed a deployable telescopic boom 

made up of concentric CFRP sections of increasing 

diameters, named the SULA boom [11]. The 

deployment of the boom is driven by an internal belt 

with drive plates to sequentially pickup the boom 

sections. Lock-out is achieved by a series of precision-

made latches. The SULA boom was designed to have a 

deployed length of 3.6m, but the design is scalable by 

changing the CFRP section lengths. An alternate 

Figure 1. Cassegrain telescope configuration. 
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deployment mechanism is proposed by Deployable 

Space Systems (DSS), in their design an internal 

leadscrew drives deployment [12]. Figure 4 shows a 

concept in which the secondary mirror assembly is 

driven using three sets of telescopic tubes.    

 

 
Figure 4. Telescopic tube deployment method. 

 

Telescopic Barrels 

An extension to the telescopic tubes is a telescopic 

barrel concept. In this concept the primary mirror is 

placed inside a large diameter barrel assembly. The 

inspiration of this concept came from Astro Aerospace’s 

telescopic boom, shown in Figure 5. This 33m prototype 

boom is manufactured from composite materials and 

has a base section diameter of 400mm, which would 

meet both the geometric footprint requirement and 

primary mirror specifications in Table 1. Deployment is 

driven by an internal Storable Tubular Extendible 

Member (STEM) and lockout is achieved using pins 

that mate radially in holes. The large diameter sections 

provide a high stiffness and the fact it is a closed section 

makes it torsionally stiff.  

 

 
Figure 5. Astro Aerospace’s telescopic prototype 

boom [13]. 

 

Figure 6 shows the telescopic barrel concept with the 

bottom barrel omitted. 

 
Figure 6. Telescopic barrel concept. 

 

 

Trade-Off Matrix 

The trade off matrix is shown in Table 2. The data 

summarised in the trade-off matrix is derived from 

preliminary designs and investigations into each 

concept, which is not presented here for brevity. An 

assigned number three is good, two is okay and one is 

Table 2. Trade-off matrix 

Trade-off Crit. Truss Structure Telescopic Boom  Telescopic Barrel 

Mass 3 2 2 

Compaction 2 2 2 

Thermo-stability 1 3 3 

Complexity 2 1 3 

Scalability (deploy. leng.) 1 2 3 

Scalability (general) 1 2 3 

Light Management 1 1 3 

Cost 3 2 1 

Repeatability 1 3 3 

Deployment control 1 3 3 

Stiffness 1 1 3 

Total 17 22 29 
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poor. The trade-off study showed the telescopic barrel 

concept best met the criteria and so was progressed to 

detailed design.  

 

FINAL DESIGN 

Having selected the telescopic barrel arrangement to 

form the main structure the deployment mechanism, 

lock-out design, MLI arrangement and harness 

arrangement needed detailing. The mechanical design of 

the structure is itself novel, but utilised standard 

components where possible. The final design is shown 

in Figure 7.  

Barrel and Flange Structure 

The design consists of three CFRP barrels each have a 

top and bottom flange to add rigidity and to provide a 

surface for mounting the deployment mechanism. 

Manufacture from CFRP is a necessity to prevent 

thermo-elastic distortions moving the secondary mirror 

assembly out of focus. Two CFRP rings deploy with the 

barrel assemblies and are guided by pultruded CFRP 

tubing. The CFRP rings provide and mounting surface 

for the MLI and provide the support for the tops of the 

leadscrews.  

 

Deployment Mechanism 

The deployment mechanism was designed to contain as 

few moving parts as possible. A single motor at the base 

of the structure drives a large idler gear that is restrained 

on the bottom flange by eight equi-spaced low friction 

guides. Adequate radial clearance, approximately 

0.15mm, is left between the large idler gear and guides 

to allow for the contraction of the idler gear in orbit. 

The large idler gear drives three smaller gears each 

attached the bottom of a left hand threaded aluminium 

leadscrew. A stationary leadscrew nut secured into the 

bottom flange of the middle barrel is driven up or down 

as the leadscrew rotates. A unique feature of this design 

is how the top barrel assembly is driven. A second right 

hand threaded leadscrew set is driven from the first 

leadscrew set. The drive between the two leadscrew sets 

is a keyed gear where the key sits inside a slot of the 

first leadscrew. The key in the gear rotates the gear as 

the first leadscrew rotates, and the slot along the length 

of the leadscrew allows the keyed gear to longitudinally 

traverse the length as the system deploys. Figure 8 

shows the degrees of freedom of each of the deployment 

mechanism components. To prevent excessive friction 

Figure 7. Final design produced in SolidWorks 

showing deployed and stowed configurations, top 

and bottom respectively. 
Figure 8. Deployment mechanism with movement 

directions of components. 
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the leadscrew nuts are manufactured from phosphor 

bronze.  

 

Lock-out Design 

The lock-out design was a critical system as it would: 

set the focal length of the telescope, set the overall 

stiffness of the structure, rotationally align the structure 

and thermally decouple the metallic deployment 

mechanism components from the CFRP barrel 

assemblies. Setting the focal length and rotational 

alignment was achieved by using mating balls and vees, 

shown in Figure 10. These invar components are bolted 

to the inside of the barrel assemblies in line with the 

leadscrews.  

 

The stiffness of the overall structure is driven by the 

stiffness at the connection between the ball and vees. 

Stiffness in the joint is achieved by preloading the 

components. In this design the preload is given by a 

wave spring. The wave spring is introduced between the 

leadscrew nut and a leadscrew bush, shown in Figure 9.  

The inclusion of a wave spring means that the preload in 

the joint can be tailored, by changing the spring 

stiffness, and means that any thermal 

expansion/contraction of the leadscrews simply causes 

the wave spring to compress/lengthen. Thus, the 

metallic components and CFRP barrels are thermally 

decoupled.  

A controlled contraction of the wave springs was used 

to introduce a cut-off system to stop deployment. When 

the wave spring compresses the leadscrew nut moves 

towards the CFRP flange on which a micro-switch is 

bonded. Deployment could then be stopped by cutting 

the motor off when any one of three micro-switches 

were triggered. 

 

MLI Arrangement 

As well as supporting the tops of the leadscrews the 

supporting structure provided a suitable mounting 

location for the MLI. The MLI would consist of three 

skirts, two hung from the supporting structure rings and 

one from the flange furthest from the bulkhead. Like the 

barrel assemblies, the skirts slide past each and enclose 

the outer telescope, shown in Figure 11. In Figure 11 the 

base section of MLI can be seen without the other shirts 

for clarity of the attachment point. 

 

Harness Arrangement 

The harness was split into three so that two three wire 

harness and one four wire harness would leave the 

secondary mirror assembly. The harnesses were 

Figure 10. Ball and vee alignment components. 

1 

2 

3 

 

4 

Figure 9. Cross section of the wave spring assembly, 1 

leadscrew bush, 2 wave spring, 3 leadscrew nut and 4 

leadscrew. 
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attached to the barrels using a series of cable tie pads 

and folded underneath the supporting structure when 

stowed. One secondary harness can be seen in Figure 12 

as yellow and orange wires folded underneath the 

supporting rings in the stowed configuration.  

 

BREADBOARD MODEL 

Manufacture 

The Breadboard Model (BM) is shown in Figure 11 and 

was assembled using PLA 3D printed barrels and 

flanges. The purpose of the breadboard model was to 

enable the mechanism designs to be tested quickly 

without incurring considerable cost in manufacturing 

composite or metallic barrels. The metallic components 

used in the BM were a combination of laser sintered and 

machined components that dimensionally represented 

the flight components. Invar ball and vee components 

were not used for this model and instead 3D printed 

components were used.  

 

 
 

 
Figure 12. Breadboard model of the deployable 

barrel concept stowed and deployed, top and bottom 

respectively. 

Figure 11. MLI covering the 

breadboard model. 
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Testing 

Owing to the fact the barrel and flange assemblies are 

not the flight materials testing of the BM could not 

extend to structural characterisation. Therefore, testing 

of the BM was limited to deployment repeatability. An 

aluminium test rig was constructed from which digital 

test indicators (DTIs) were attached to measure the 

vertical repeatability, shown in Figure 13. The 

horizontal repeatability was measured using depths 

gauges (DGs) that were manually operated once the test 

article had deployed.  

 

 
Figure 13. Deployment repeatability test rig. 

 

The results of the deployment testing are shown in 

Table 3. Despite using 3D printed components Table 3 

shows that the repeatability of the structure is below the 

requirement of 1mm, given in Table 1.  

 

FUTURE WORK 

The excellent results of the deployment repeatability 

secured added time and confidence to manufacture a 

development model (DM) with CFRP barrels and 

flanges. The assembled development model is shown in 

Figure 14. Future work will include structural 

characterisation to determine the first fundamental 

mode, deployment repeatability, thermal stability test to 

quantify thermo-elastic deformations and a motor 

current test to characterise the friction of the 

deployment mechanism.  

 

CONCLUSIONS  

This paper has presented the first phase of work in a 

project between the SSC and SSTL to increase the 

capability of small satellites by designing a deployable 

telescope. A summary of the trade-off study has been 

presented that showed that a telescopic barrel assembly 

offered the best solution to meet the requirements. The 

final design has been presented and more specifically 

the novel deployment mechanism has been described. A 

BM has been manufactured and its deployment 

repeatability has been shown to be much less than 1mm. 

The beginning of the next phase of work on a DM has 

been introduced showing the manufactured DM. In 

future work the DM, manufactured from flight 

materials, will undergo a test campaign to characterise 

the structural performance.  

Table 3. Deployment repeatability results for the BM. 

Test Test 2.1 Test 2.2 Test 2.3 Test 2.4 Test 2.5 Test 2.6 Test 2.7 Test 2.8 Diff. Pass 

DTI1 8.11 7.99 8.09 8.01 7.9 7.91 7.93 7.85 0.26 Yes 

DTI2 5.68 5.63 5.67 5.64 5.61 5.62 5.62 5.58 0.1 Yes 

DTI3 3.77 3.71 3.75 3.7 3.66 3.67 3.69 3.65 0.12 Yes 

DG1 141.48 141.49 141.51 141.51 141.51 141.51 141.49 141.45 0.06 Yes 

DG2 109.66 109.57 109.66 109.59 109.52 109.52 109.52 109.55 0.14 Yes 

 

Figure 14. Development model. 
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