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ABSTRACT 

The 5m unfurlable reflector, as part of the Airbus CFRP 

deployable reflector family is an apex fed reflector 

antenna for commercial SAR applications. The scalable 

design, with its ultra-light and semi-flexible CFRP 

panels is based on the 3m unfurlable reflector 

technology, developed at Astrium / Friedrichshafen in 

the early 2000s.  

Beside the challenges of the structural and thermo-

mechanical design of the antenna, the developments of 

the release and deployment mechanisms were one of the 

major activities of the project. The need for highly 

reliable, lightweight and simple mechanisms has led to 

very specific design solutions, which are presented in 

the paper. Furthermore, the development approach, as 

well as the lessons learned, obtained with the different 

development and test campaigns are discussed.   

 

INTRODUCTION 

The currently running unfurlable reflector development 

with its 5m diameter and 1.8m focal length is an upscale 

from the previously mentioned 3m design. Since the 3m 

model was set up as a technology demonstrator, not all 

subcomponents were defined as fully flight 

representative. Especially the launch lock had a simple 

manual release, instead of a release mechanism. With 

this constraint, a suitable development and functional 

verification phase had to be considered for the 5m 

reflector. At the current state of the program, the 

assembly of the structural model is finalized and the test 

campaign is on-going, as shown in Fig. 1.  

 

 
Figure 1. Reflector SM/QM during Mechanical Test 

Campaign 

 

 

 

 

In parallel, functional tests of the release and 

deployment mechanisms are carried out on several test 

setups and breadboard models, in order to provide an 

early verification of the design. Especially mentionable 

is the kinematic breadboard which is a full scale model 

of the deploying reflector, using mass representative 

dummy panel structures to implement and test the entire 

set of mechanisms from the launch lock and release 

system to the deploying hinges.  

 

DETAILED MECHANISMS DESIGN 

The overall arrangement of the release and deployment 

mechanisms on the stowed reflector is shown in Fig. 2. 

 

  

Figure 2. Overview of the Release and Deployment 

Mechanisms 
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Deploying Hinge Mechanisms 

With the advantage that the unfurlable reflector does not 

require any preloading in deployed configuration, spring 

driven deployment actuators in combination with simple 

end-stops can be realized. Once released, the redundant 

spring packages, contained in each panel, provide the 

necessary torque for the panel deployment.  

 

 
Figure 3. Panel Drive Unit 

 

In deployed configuration, only a small residual spring 

torque is necessary in order to avoid end-stop separation 

due to spacecraft manoeuvres. Due to the good 

experience, regarding robustness and mass efficiency of 

this spring drive unit and the journal bearings, the 

design has been completely adopted from the 3m 

reflector. Due to the larger panels of the 5m reflector, 

the alignment capability of the panel support had to be 

improved in order to achieve the required contour 

accuracy. Where the heritage design only allowed an 

adjustment of the panel opening angle, the support of 

the current hinges provides adjustment capabilities in all 

degrees of freedom, as shown in Fig. 4. 

 

 
Figure 4. Panel All DoF Adjustment Capability 

 

 

 

This adjustment capability is achieved by the use of two 

eccentric bushings that are rotated against each other, as  

shown in principle in Fig.5 and in the explosion in Fig. 

6.  

 

 
 

Figure 5. Double Eccentric Bushing Bearing Support 

 

With this configuration, the bearing support can be 

shifted to every position inside a certain radius by an 

independent rotation of the bushings to the required 

position. Since the brackets of both panel sides are 

equipped with these adjustment mechanisms, the axial 

co-alignment is lost as soon as one bearing support is 

shifted out of its centre position. To compensate this 

effect, the outer eccentric bushing has a spherical 

interface to the hinge bracket, which allows free rotation 

around all three degrees of freedom.  

 

 
Figure 6. Panel Support and Alignment Mechanism 

 

After fine adjustment, the bushing assembly is blocked 

by a counter plate, to maintain the precise alignment 

during vibration.  
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Launch Lock and Release Mechanism 

The design of the launch lock and release mechanism is 

driven by the need for the smallest possible blockage of 

the antenna field of view. With the feed compartment 

being highly compact, no further envelope is available 

for a centralized release mechanism. Considering these 

constraints, a design that was developed for the 3m 

reflector has been selected and slightly adapted. This 

concept is based on small metallic brackets that are 

connected to the outer ends of every panel. When 

closing the reflector, the individual metallic brackets 

approach each other until the stowed position is 

reached. In stowed configuration, the 36 brackets 

connect to each other and create a rigid ring which is 

compressed by a circumferential clamp band made from 

a high-strength CuBe alloy. In Fig. 7, the form locking 

interface geometries of two adjacent brackets are shown 

in red.  

 
Figure 7. Launch Lock Brackets - Interfacing Geometry 

 

To provide the release, deployment damping and tripod 

interface function, not all of the brackets are identical. 

As shown in the overall arrangement of the launch lock 

ring in Fig. 8, a number of different brackets with 

different functionalities are distributed around the 

circumference of the ring.  

 

 

 
Figure 8. Launch Lock Ring - Overall Arrangement 

 

 

 

In order to achieve the max. robustness and reliability of 

the release and damping functionality, the architecture 

of these mechanisms considers complete physical 

redundancy.  To fulfil that, the clamp band is connected 

to two separate release actuators.  

In this case, the well-known Frangibolt actuators are 

used to terminate the clamp band in cup-cone halves, as 

shown in Fig. 9.  

After powered release of one of the Frangibolt 

actuators, the entire mechanism is retracted by two leaf 

springs and the cup-cone locking of the clamp band is 

free to open. 

In zero gravity, the released clamp band is positioned 

straight out of the antenna aperture and fixed to the 

redundant release actuator.  

 

 
Figure 9. Detailed Release Mechanism Configuration 

 

To increase the stiffness of the entire antenna assembly, 

the launch lock ring is connected at three points to the 

feed support structure. At these interface points, the 

launch lock brackets do not latch to their opposite 

bracket on the feed support structure. Connection is 

only achieved by preloading a pyramidal cone to its 

counterpart, as shown in Fig. 10. 

 

 

Figure 10. Tripod Interface Launch Lock Bracket 
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Damping Mechanism 

As for every spring driven deployment, uncontrolled 

acceleration has to be limited by a damping mechanism. 

To avoid an over design of the deployment actuators 

due to high resistive torques, friction needs to be 

minimized as far as possible. This is achieved by the use 

of small brushless DC motors with shorted windings. 

The individual motors are connected via spur-gears to a 

pulley, where the damper wire is wound up. This 

damper wire is guided through holes in each of the 

launch lock brackets. During deployment, the individual 

brackets separate from each other, expanding the 

diameter for the damping wire. This un-winds the wire 

on the pulley and creates high velocities at motor level.    

The detailed arrangement of the damping mechanism on 

the launch lock ring is shown in Fig. 11. 

 

 
Figure 11. Damping Mechanism 

 

As for the release mechanism, the physical redundancy 

requirement is also applicable for the damping 

mechanism. To achieve that, two identical damping 

mechanisms are arranged on opposite sides of the 

launch lock ring. In the nominal deployment scenario, 

as shown in Fig. 12, both damper pulleys are un-winded 

simultaneously. In case one of the damper systems is 

jammed, the deployment can continue since the length 

of the wire on one pulley is sufficient for the entire 

deployment. 

 

 
Figure 12. Damping Mechanism Redundancy Concept  

DEVELOPMENT APPROACH 

The mechanisms development approach is driven by a 

challenging schedule, in combination with the model 

philosophy, where the structural model (SM) is 

refurbished to the qualification model (QM) after the 

SM test campaign. With this extensive use of the 

SM/QM in several environmental test campaigns, the 

availability for functional mechanism verification 

throughout their development is very small. Due to this, 

the mechanism verification is shifted to a number of 

breadboard models, as shown in Fig. 13. 

 

 
Figure 13. Reflector Development Logic and Model 

Philosophy 

 

Starting with the launch lock breadboard (LLBB), 

which already accompanied the design phase of the 

release mechanisms, their function is tested and 

improved constantly until finalization of the QM design. 

In parallel, the deploying hinges are verified on a 

special torque margin BB test, characterizing resistive 

torques, as well as motorization margin at extreme 

temperatures and vacuum. After finalization of these 

individual mechanism developments, the resulting 

design is implemented to the kinematic breadboard  

(KBB) for end-to-end verification of the release and 

deployment process.  
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This step is very important since the different phases of 

the deployment do not take place in a separate manner, 

one after the other. With the deployment hinges only 

held in position by the clamp band, an interaction 

between release and deployment has to be considered in 

the verification. This can only be tested on a full scale 

representation of the reflector assembly, which is the 

kinematic breadboard.  

At the end of the functional verification on breadboard 

level, the final mechanism design is implemented in the 

QM and subjected to a full environmental and 

functional qualification campaign.  

 

Kinematic Breadboard 

Since the dynamic deployment process is depending on 

a number of factors with high uncertainty, breadboard 

testing is required to assure proper sizing of the 

motorization. Some of these unknown factors are:  

 Panel to panel contact friction 

 Damper wire friction through the launch lock 

brackets  

 Friction inside the damper mechanism 

 Torque variation of the deployment springs 

 

Furthermore, an early functional verification of the 

deployment mechanisms is required to identify possible 

design weaknesses and deficiencies. To verify these 

aspects, a breadboard of the entire reflector kinematics 

has been established.  

This kinematic breadboard, as shown in Fig. 14, 

provides the following functionalities: 

 Fully representative deployment spring 

actuators 

 Release and damping mechanisms on a fully 

representative launch lock ring 

 Launch lock ring interface to the feed support 

structure. 

 Mass representative panel dummies 

 Panel to panel contact by thin CFRP sheets, 

mounted to the panel dummies.  

 

 
Figure 14. Kinematic Breadboard - Stowed 

This breadboard has been established in a very early 

project phase, supporting the design of the damping 

mechanism and its pulley system. Furthermore the 

deployment time and the uniformity of the deployment 

under gravity were tested. Even after manual release it 

was noted that the comparably weak dummy panels 

show significant oscillations, which were present 

throughout the entire deployment. Due to this, the 

breadboard will be updated to improve the dummy 

panel stiffness and accommodate a number of real 

panels at the critical positions, as shown in Fig. 15.  

 

 
Figure 15. Kinematic Breadboard - Upgrade in 

Deployed Configuration  

 

Launch Lock Breadboard 

Due to the fact that a direct preload measurement by 

strain gauges is not feasible due to large strains of the 

bent CuBe clamp band, indirect measurement principles 

had to be calibrated in order to assure a correct preload 

application. To do this, a two-step approach has been 

followed. At first, only half of the clamp band was 

assembled with both ends being terminated to load cells. 

While increasing the preload, the forces on the clamp 

band, as well as the release bolt forces were measured. 

This setup is shown in Fig. 16. 

 

 
Figure 16. Launch Lock Preload Setup #1 

 

In the second step, the real launch lock ring is 

assembled around a dummy plate, simulating the 
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antenna feed support structure, as shown in Fig. 17. In 

this setup, the real force distribution and the relation 

between clamp band preload and tripod interface forces 

is measured by load cells.  

 

 
Figure 17. Launch Lock Preload Setup #2 

 

Furthermore, the setup is equipped with 

photogrammetry targets, which allow a precise 

measurement of the deformation of the ring structure 

under preload. With this information, the FE analysis of 

the launch lock ring has been correlated. This is 

especially important, since the FE model is also used to 

calculate the margins against gapping of the individual 

launch lock brackets, as well as on the interfaces to the 

feed support structure.  

As shown in Fig. 18, the shrinkage of the ring due to 

preload is restricted by the three feed support interfaces. 

As a result of this restriction, the ring is formed in a 

triangular shape due to the applied preload. These are 

two effects that act in the opposite direction. Where the 

clamp band preload presses the launch lock brackets in 

their form fit, the interface forces to the feed support 

structure try to open the ring and increase the risk of 

gapping. These interface forces are controlled by 

shimming and need to be adjusted in a way that gapping 

on all interfaces is avoided.  

 

 
 

Figure 18. Launch Lock Ring Deformation under 

Preload - FE Analysis 

 

 
Figure 19. Launch Lock Ring Deformation Vectors - 

Measured by Photogrammetry 

 

Reflector Structural Model 

The only mechanism specific verification that cannot be 

performed on breadboard level is the durability of the 

launch lock bracket coating under vibration loads. Due 

to the complexity of the bracket contact areas, as well as 

the loads, introduced by the reflector dynamic 

responses, a prediction about the degradation of possible 

coating combinations is not feasible.  

As risk mitigation, it has been decided to test three 

different coating combinations on the structural model, 

as shown in Fig. 20. To do this, the launch lock ring is 

divided into three sections, with the following coating 

systems: 

 Tioxal in combination with Braycote 

 Everlube
®
 620C on Tioxal  

 Dicronite
®
 DL5 on Tioxal 

 

 
Figure 20. Different Coatings on SM Launch Lock 

Brackets 

 

After testing on reflector, as well as on system level, the 

launch lock brackets will be disassembled and visually 

inspected to identify the most suitable coating 

combination.  
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LESSONS LEARNED 

During the development of the release and deployment 

mechanisms, the kinematic breadboard delivered very 

useful results. A major drawback however was the low 

bending stiffness of the dummy panels. These 

comparably weak CFRP tubes started oscillating right 

after release and continued this behaviour throughout 

the entire deployment. This oscillation affects the entire 

reflector dynamics and makes it impossible to test a 

representative launch lock release. Due to this, the 

kinematic breadboard will be upgraded with stiffer 

dummy panels, as well as some original panels, at the 

position of the release mechanism. 

 

Strain gauge measurements on a flexible clamp band 

structure are not a reliable method to determine the 

launch lock preload. Due to the strong bending radius of 

the CuBe clamp band, the strain gauges are already 

significantly pre-stressed even without any preload 

applied. During testing, a high number of strain gauges 

have peeled off due to this effect. Furthermore the 

handling of the clamp band assembly with meters of 

strain gauge harness attached to it is very difficult.  
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