
 

DEVELOPMENT AND TESTING OF A PASSIVE WIRE-DRIVEN DEPLOYMENT 
MECHANISM FOR TELESCOPIC OPTICAL BAFFLES IN SPACE APPLICATIONS 

 
M. Longato(1), M. Honeth(1,2), A. Tresoldi(1), G. S. Aglietti(1)*, S. Hosseini(3), and C. Bamann (3) 

 
(1) Space Institute - Te Pūnaha Ātea (TPA-SI), University of Auckland, Auckland,1010, New Zealand 

(2) NewSpace Systems, New Zealand 
(3) Vyoma GmbH, Germany 

 
ABSTRACT 

Telescopic deployable structures such as the proposed 
baffle model reduce optical payload volume, improving 
storage efficiency and lowering mission costs. This study 
presents a passive deployable telescopic baffle 
mechanism driven by three independent wires that 
enhance the reliability and efficiency of deployable 
baffles for optical instruments. The proposed system 
consists of four concentric Carbon Fiber Reinforced 
Polymer (CFRP) cylinders, deployed by a constant 
torque spring that tensions three wires routed through “S” 
bends for synchronised motion. The design ensures the 
final deployed position of the baffle length of ≃1m 
within ±1 mm. A Hold-Down and Release Mechanism 
(HDRM) secures the structure during launch, using a 
secondary tensioned Dyneema wire in addition to a 
redundant custom-made thermal knife used to release the 
baffle in orbit. The design and optimisation process 
includes mathematical and numerical models, Finite 
Element Analysis and motion dynamics simulations. An 
engineering model of three moving segments validates 
the concept, followed by a qualification and two flight 
units, consisting of four moving segments. All models 
underwent various functional tests in addition to 
environmental testing for qualification and acceptance 
including vibration and thermal-vacuum cycling. 
 
1 INTRODUCTION 

Optical satellite systems like star trackers and telescopes 
often require large volumes due to the optical design 
needs that ensure mission performance. To achieve a 
high image resolution, a larger aperture and longer focal 
lengths are usually required which increases the payload 
size and mass and, consequently, the satellite's overall 
dimensions and relative mission costs. As a result, 
minimizing the satellite volume can be as critical as 
minimizing the weight. For these reasons, deployable 
appendages have been widely employed for large 
structures such as antennas, booms and solar panels. 
However, deployable structures for optical instruments 
have been less utilised due to the higher precision 
required concerning the ultimate deployed configuration 
(operating conditions) of the structure. On one hand, sub-
millimetric precision is required for the deployable barrel 
in a Cassegrain configuration telescope since the 
secondary mirror is located on the farthest telescopic 
section of the structure [1,2]. On the other hand, 

millimetric precision is required for an optical baffle 
which is designed to shield the telescope from stray light 
and unwanted reflections coming from outside the 
instrument field-of-view (FoV) [3,4]. Usually, as 
illustrated in Figure 1, these optomechanical structures 
consist of a series of telescopic sliding cylinders 
containing various internal vanes to stop the secondary 
and higher order light reflections [5]. The number and the 
spatial location of these vanes is crucial because the 
performance of the telescope might drop if the stray light 
exceeds the design specification since this can cause the 
saturation of the imaging sensor [6]. 
Indeed, analytical and numerical models are essential 
during the initial design stage of a baffle where various 
stray light blocking can be evaluated with geometric 
constrains [7,8]. Similarly, the study of new black 
coating technologies have enabled the development of 
ultra-low reflectivity surfaces essential for internal baffle 
light suppression [9,10]. 
 

 
 

Figure 1 Passive deployable telescopic baffle [5] 

While on one hand, a considerable amount of research 
has been done concerning the deployment of the JWST 
mirrors, where each precisely machined mirror is 
positioned accurately within nanometres using multiple 
actuators, the research of telescopic deployable baffles is 
still underway [11,12]. 
 
2 OBJECTIVES  

This paper presents the main design points concerning 



 

the research conducted for the construction of a passive 
deployable baffle for optical applications. The baffle is 
≃1 m long when deployed with an aperture of ≃40 cm 
whereas the deployment is passively motorised by a 
constant torque spring mechanism which acts on a set of 
three independent wires connected to the sliding 
cylinders. An initial engineering model consisting of 
three moving segments is used as proof of the concept, 
which is then followed by one qualification model and 
two flight units, each consisting of four moving 
segments. 
To begin with, an articulated numerical model is 
developed in Matlab which is used to explore the baffle 
design space parameters mainly driven by the 
characteristics of the specific Cassegrain telescope. 
Furthermore, this model is also able to optimise the baffle 
geometry with respect to each vane’s diameter and 
relative position given the specific number of sliding 
telescopic cylinders required. On the other hand, the 
Simulink baffle model explained in Section 3 allows the 
exploration of various deployment scenarios, 
investigating the friction effects on the dynamics and 
sliding behaviour of the various telescopic cylinders 
when actuated. This section also includes some opening 
and deployment functional tests executed to validate the 
numerical model utilising a custom-made gravity 
offloading mechanism. After this initial design phase, 
Section 4 of this work presents the construction 
procedure adopted, and the main baffle assembly steps 
together with some comments on the materials and 
coatings used. Finally, in Section 5, an overview of the 
environmental testing performed for the baffle 
qualification and acceptance campaign are also included. 
 
3 DYNAMIC BAFFLE MODEL 

The dynamic baffle model developed in Simulink uses 
the Simscape package to model and assemble the various 
components assumed as rigid bodies. Each of the four 
baffle cylinders consist of three rigid legs called 
longerons positioned around the perimeter of the 
cylinder’s skin distributed at 120° from each other. 
Furthermore, the three longerons are screwed to the 
respective flat annular vane on one side, as shown in 
Figure 2 A.  
 

  
                         A                                        B 
Figure 2 A) Baffle's cylindrical vane with tree longerons 
B) Baffle cylinder skin with longerons and annular vane 

Furthermore, the vane is bonded to the top edge of the 
corresponding cylinder’s skin as illustrated in Figure 2 B 
creating one full section of the four moving cylinders.  
These components are modelled as rectangular blocks or 
revolved solids and they are connected with welded joints 
to behave globally as a single rigid element. The four 
telescopic cylinders are then mutually connected with 
prismatic joints to allow the relative axial displacement 
for the deployment. In addition, the most internal 
cylinder of the telescopic assembly is attached to the fifth 
static one which is fixed at the base of the structure. 
These prismatic joints, three for every sliding cylinder 
(one for every longeron, 12 joints in total), can be 
coupled with a translational friction block. This enables 
the characterisation of the local rubbing that might 
realistically occur between the moving parts utilising the 
sliding friction formula illustrated in Eq. 1. 
𝐹 = √2𝑒(𝐹𝑏𝑟𝑘 − 𝐹𝑐)𝑒−( 𝑣

𝑣𝑆𝑡
)2 𝑣

𝑣𝑆𝑡
+ 𝐹𝑐 𝑡𝑎𝑛ℎ 𝑣

𝑣𝐶𝑜𝑢𝑙
+ 𝑓𝑣       (1) 

With: 
𝑣𝑆𝑡 = 𝑣𝑏𝑟𝑘√2 

𝑣𝐶𝑜𝑢𝑙 =  𝑣𝑏𝑟𝑘
10⁄  

𝑣 =  𝑣𝑅 −  𝑣𝑐 
 
The sliding motion of the baffle is provided by the belt 
feature which represents the physical wire that is routed 
through every longeron, as illustrated in Figure 3, which 
creates an “S” path between every consecutive longeron. 
Three belt chains are adopted in total, located 120° apart 
and small metallic “pins” (yellow circles in Figure 3) are 
positioned on both sides of each longeron to allow for the 
wire to slide through the ”S” shaped route. These “pins” 
are modelled in Simscape with rigid cylinders, each of 
them mounted on an independent rotational bearing joint. 
Even in this case, this series of rotational joints can be 
individually coupled with a rotational friction block to 
investigate the effects that the wire friction generates 
when sliding on the yellow pins, shown in Figure 3. 
Similarly to the sliding friction case, the characterisation 
of the rotational friction torque in each bearing joint uses 
the formula described by Eq. 2.  
𝑇 = √2𝑒(𝑇𝑏𝑟𝑘 − 𝑇𝑐)𝑒−( 𝜔

𝜔𝑆𝑡
)2 𝜔

𝜔𝑆𝑡
+ 𝑇𝑐 𝑡𝑎𝑛ℎ 𝜔

𝜔𝐶𝑜𝑢𝑙
+ 𝑓𝜔       (2) 

With: 
𝜔𝑆𝑡 = 𝜔𝑏𝑟𝑘√2 
𝜔𝐶𝑜𝑢𝑙 =  𝜔

10⁄  
𝜔 =  𝜔𝑅 −  𝜔𝑐  

 
Both friction laws utilise similar parameters. The sliding 
friction force F in Eq. 1 depends on the relative linear 
velocity 𝑣 between the two moving elements. Similarly, 
the rotational friction torque T given in Eq. 2 is 
determined by the rotational velocity ω of the “pin” 
around which the wire is turning. For example, the 
rotational friction torque T acting on each revolute joint 
along the "S"-shaped wire path indicated in Figure 3 
consists of several components: Coulomb friction torque 
Tc, breakaway friction torque Tbrk, breakaway friction 



 

velocity ωbrk, Stribeck velocity threshold ωSt, Coulomb 
velocity threshold ωCoul, and the relative angular velocity 
ω between input ωR and output ωc of the pulley joint, 
multiplied by the viscous friction coefficient  f. For this 
baffle deployment dynamic analysis, the viscous friction 
component f is neglected for simplicity whereas, for the 
other variables, a relatively large range of values is 
investigated and plotted against the experimental results 
in the following sections. 

 
                           A                                       B 
 
Figure 3 A) Sequential baffle deployment sequence. B) 

Synchronised baffle deployment sequence 

 
There are two main configurations concerning the 
installation of the baffle driving wire which modifies the 
baffle deployment sequence. On one hand, the sequential 
connection of the various cylinders is illustrated in Figure 
3 A, whereas, the segmented wire configuration shown in 
Figure 3 B couples only two consecutive cylinders. This 
latter configuration guarantees a synchronised baffle 
deployment whereas the sequential vanes connection 
results in more chaotic dynamics by losing repeatability. 
In the presented numerical models, both configurations 
have the belt chain rigidly connected on one side to the 
top vane of the most external and largest cylinder 
whereas the other belt side is rigidly connected to a free 
falling mass M located at the centre base of the baffle 
generating the deployment force F in Figure 3. Both the 
deployment dynamics of these driving wire 
configurations are explored and compared in the 
following Section 3.1 and Section 3.2 against the 
respective physical deployment tests.  
3.1 SEQUENTIAL BAFFLE DEPLOYMENT 

The sequential cylinder connection has been the 

preferred choice that is implemented in the qualification 
baffle model and in the two flight units, all having four 
moving cylinders and one fixed at the base. The 
deployment wire path is illustrated in Figure 3A with the 
blue line. For this case, to deploy the entire baffle length 
of ≃1 m, the wire also needs to be pulled by the same 
length, by the force F. Consequently, the total work that 
needs to be done to deploy all the segments can be 
evaluated by multiplying the wire pulling force F 
depicted in Figure 3 by the total displacements of the 
various cylinders. In first approximation, the pulling 
force in the wire can be considered constant since the 
winding spool located at the baffle base is driven by a 
constant torque spring (CTS) installed on a fixed 
diameter shaft.  
 

  
                     A                                        B  
 

  
                    C                                          D 

Figure 4 Deployment dynamics of the sequential 
deployment wire configuration of the baffle 

 
Furthermore, this sequential wire connection enables the 
deployment of the baffle’s cylinders which might have 



 

different heights driven by geometrical constraints in the 
design to supress the stray light. The final location of the 
various cylinders is ultimately guaranteed although the 
deployment sequence of the cylinders may be chaotic. 
Indeed, the pulling force remains in the system of the 
three deployment wires after deployment, while 
dedicated cup-cone features ensure a final locked 
engagement between the vane of one cylinder with the 
longerons of the next sliding cylinder. 
The physical functional test concerning this sequential 
connection of the baffle’s cylinders is illustrated in 
Figure 4. For this test, a custom-made dedicated gravity 
offloading mechanism is utilised. This mechanism 
consists of four independent CTS which are able to 
provide a dedicated vertical force equal to a fraction of 
each individual cylinder weight to counteract gravity. 
The baffle structure is initially secured at the base with 
the dedicated Hold Down and Release Mechanism 
(HDRM). When activated, the four moving cylinders are 
lifted by the deployment lines as illustrated in Figure 4A. 
The baffle deployment sequence is mainly driven by a 
transient balanced equilibrium between the overall 
sliding friction of the wires around in the metallic “pins” 
and the sliding friction acting between each moving 
cylinder. At the beginning, the force in the wire is not 
sufficient to slide through all the “pins” illustrated in 
Figure 3A and push up the most external cylinder due to 
the excessive friction. Consequently, the entire group of 
telescopic cylinders are lifted simultaneously as shown in 
Figure 4A and Figure 4B. At this stage, the sliding 
friction between the last two moving cylinders is 
comparable, with the friction acting on the deployment 
lines. Indeed, as illustrated in Figure 4C a joint 
deployment of the last two baffle elements occurs 
simultaneously and both the cylinders reach the final 
deployment configuration together, shown in Figure 4D. 
 
Concerning the baffle dynamic simulation, the various 
sliding and rotational friction coefficients acting in the 
rotational blocks, and in the sliding prismatic joints 
introduced in Section 3, are manually adjusted within a 
range in order to simulate a deployment consistent with 
the physical test dynamics. In practice the actual friction 
in the structure may considerably vary between one 
cylinder and the next due to an excessive localised 
contact area, local misalignments or possible relative 
tilting of a cylinder. The upper and lower friction force 
and torque boundaries from Eq. 1 and 2 are illustrated in  
Figure 5 and Figure 6 with the blue and red line 
respectively. As a result, the family of displacement 
curves estimated relative to the displaced in time for the 
most external cylinder (the largest one) are evaluated and 
illustrated in Figure 7. On one hand, the worst case 
friction scenario is shown with the blue curve where the 
upper boundary of both the friction curves is selected 
from Figure 5 and Figure 6. 

 
Figure 5 Design space investigated concerning the 

translational friction coefficient 

 
Figure 6 Design space investigated for the rotational 

friction coefficient 

 
Figure 7 Deployment dynamic behaviour of the 

sequential baffle configuration 



 

Secondly, the red curve shows an intermediate stage 
where the translational friction is kept to the highest 
boundary whereas the rotational friction is lowered to the 
minimum of the considered range (blue curve in Figure 
6). In addition, the yellow curve shows the fastest baffle 
deployment dynamics when the lower boundary (blue 
curves in Figure 5 and Figure 6) are selected for both the 
frictional coefficients. Finally, the dotted purple line 
indicates the results of the physical deployment test 
utilising the offloading mechanism. It can be noticed 
from Figure 7 that the real baffle behaviour falls within 
the studied friction range, although a tiny variation on the 
friction coefficients can result in a large difference in the 
final dynamics.  
 
3.2 SYNCRONISED BAFFLE DEPLOYMENT 

The synchronised baffle configuration requires the 
deployment lines to be connected between the cylinders 
as illustrated in Figure 3B. This configuration has been 
initially tested and verified with the engineering model of 
the baffle which consists of three moving cylinders and 
one fixed at the base. In this case, the blue wire only lifts 
the first baffle cylinder. As the first moving cylinder 
deploys, the next one is automatically pushed up by the 
green wire that connects the first cylinder with the third. 
Similarly, the third cylinder is lifted by the red wire 
which connects the second and fourth cylinder. In this 
way, all the cylinders are perfectly synchronised, and the 
repeatability of the deployment dynamics is guaranteed.  
 
This configuration however has some disadvantages to 
consider. To begin with, the force F acting on the blue 
line in Figure 3B needs to be bigger than the deployment 
force required for the sequential configuration shown in 
Figure 3A. Both models are characterised by the same 
deployment work that needs to be done, however, for the 
synchronised baffle, the pulling force F needs to increase 
since the total blue line displacement is equal to the 
length of just the first moving cylinder. Furthermore, this 
configuration imposes that each cylinder needs to have 
exactly the same height otherwise the final deployment 
position of all the sections cannot be achieved. In 
addition, a practical challenge consists in cutting the 
various sections of deployment wires to precisely the 
same length. If the wire lengths are not equal, the baffle 
is lifted in a tilted configuration and the consequent 
excessive sliding friction will stop the deployment 
motion. The implemented solution to work out the 
abovementioned limitations consist of the use of specific 
and dedicated elongation springs located along each 
independent section of the wire. These springs can 
account for different cylinder heights and enables the 
inclusion of a preload, which also acts as an initial 
vertical push to begin the deployment motion.  
The physical deployment test is illustrated in Figure 8. 
Initially, the baffle is instantly raised by the pre-tensioned 
springs located along each wire segment 

  
                       A                                         B 
 

  
                        C                                         D 

Figure 8 Deployment dynamics of the synchronised 
cylinder’s configuration of the baffle 

as illustrated in Figure 8A. Secondly, as the CTS winds 
the three deployment wires back in the spool located at 
the base, every cylinder is relatively deployed uniformly 
by the same amount as shown from Figure 8A to Figure 
8C. The repeatability of this configuration resulted to be 
extremely high since every time the deployment 
sequence of the cylinders is the same regardless of the 
sliding and “pin” friction discussed previously in Section 
3.1. 
The dynamic Simulink model for this baffle case has 
been modified according to the new wire path whereas 
the rest of the structure is kept the same. In addition, as 
was done previously, the friction coefficients are 
manually varied within a range, firstly to explore the 



 

friction effects on the dynamics, and secondly to properly 
represent the physical functional tests. The offloading 
mechanism introduced in Section 3.1 is used again in this 
case to independently raise an agreed fraction (70-80%) 
of the weight of each cylinder. 
 

 
Figure 9 Design space investigated concerning the 

translational friction coefficient 

 
Figure 10 Deployment dynamic behaviour of the 

synchronised baffle configuration 

As illustrated in Figure 6 and in Figure 9, two different 
areas (in light purple) are investigated concerning the 
rotational and translational friction coefficients acting in 
the baffle’s joints. The upper limit is defined by the red 
curve whereas the lower limit is outlined by the blue line. 
As a result, the consequent deployment dynamics of the 
largest (most external/outer) baffle cylinder is shown in 
Figure 10. On one side, the blue line (slowest 
deployment) shows the dynamics when both the upper 
boundaries of the rotational and translational friction 
coefficients are selected. Similarly, the red curve shows 
the behaviour when the rotational friction is set to the  
lower boundary in Figure 6, whereas the translational is 
kept on the higher frictional boundary in Figure 9. On the 
other hand, the yellow line shows the dynamics when 

both the friction formulations are set to the lower 
boundaries (blue curves in Figure 6 and Figure 9) 
resulting in the fastest deployment. Finally, the 
experimental results measured from the baffle in Figure 
8 are reported with the dotted purple line which falls in 
between of the investigated friction boundaries. It can be 
noticed that the presented numerical model is able to 
characterise the real deployment dynamics within the 
range of the presented friction coefficients.      
 
4 BAFFLE ASSEMBLY PROCESS 

As a result of the previous analyses, the optimal shape of 
the baffle components was determined, allowing them to 
be finalised and ordered for manufacturing. 
 

 
Figure 11 Baffle vane and longerons 

Figure 11, illustrates three of the five annular vanes of the 
baffle and the five triplets of longerons. On the other 
hand, Figure 12A shows a circular CFRP skirt that are 
manually curved into a cylindrical shape before being 
glued on the respective vane shown in Figure 11.  
 

  
                   A                                          B  

Figure 12 A) Circular skirt and vane integration. B) 
Vane to longeron bolted connection 

Furthermore, each group of three longerons illustrated in 
Figure 11 must be vertically screwed into the 
corresponding vane as depicted in Figure 12B. The 
vertical height of each group of three longerons is a 
crucial dimension since they determine the precise 
vertical location of the vanes. This is essential to ensure 
a proper engagement between the five moving vanes in 
the baffle stowed configuration and thus minimize the 



 

potential structural “parallelogramming” effect. This 
assembly process is illustrated in Figure 13, where every 
section is pre-assembled with 1 kg of compressing 
preload to verify the proper seating of the longeron foot 
with the CFRP base of the baffle.  
 

 
Figure 13 Baffle skeleton assembly stage 

Once the individual cylinders are assembled, the three 
independent deployment Dyneema lines, introduced in 
Section 3, are routed between the skirts through 
dedicated guide channels along the longerons and inside 
the base. One end of the deployment wires is attached to 
the top moving vane whereas the other ends of the wires 
are wound around the passive deployment mechanism. 
As a result, the final deployed baffle structure is 
illustrated in Figure 14. The outer surface of each skirt, 
and the top of the last moving vane, are coated with a 
reflective layer that is applied during the lamination 
process ensuring uniform and durable coverage. 
Similarly, the inner black coating requires a manual 
spray-painting process to guarantee an effective 
suppression of the unwanted light, which is critical to the 
baffle’s performance. 
 

 
Figure 14 Deployed configuration of the baffle 

5 TESTING 

Various test campaigns are conducted on this deployable 
baffle structure. First, several functional deployment 
experiments are performed to characterise the actual 
sliding friction between the cylindrical sections.  
 

  
Figure 15 Functional deployment baffle test with 

passive gravity offloading mechanism 

As shown in Figure 15, every moving baffle segment is 
independently supported vertically by the custom-made 
offloading device. Depending on the percentage of 
offloaded baffle mass, various dynamic scenarios can be 
assessed, ranging from excessively rapid deployment to 
deployment failure due to self-weight. These functional 
tests also help refine the friction parameters in the initial 
dynamic models discussed in Section 3. 
On the other hand, the environmental qualification tests 
are conducted to experimentally verify the structural 
design requirements. The various vibration tests 
performed include: 

• Natural frequency higher than 40 Hz when in 
stowed configuration i.e. launch configuration. 

• Natural frequency higher than 6 Hz when 
deployed i.e. in orbit operations (cantilevered 
configuration, rigidly constrained at the 
mounting points).  

• Capability to withstand 4 g sinusoidal excitation 
(from 5 Hz to 100 Hz, with a sweep rate of 2 
oct/min)  

• Capability to withstand a random vibration 
environment as specified in GEVS [8] (14.1 
gRMS for qualification and 10.0 gRMS for 
acceptance) 
 

For example, the lateral stowed configuration vibration 
test is shown in Figure 16, where various accelerometers 
are placed on the top of the last vane to verify the lowest 
lateral resonant frequency of the structure. In this case, 
thanks to the correct positioning of the vane-to-vane 
contact points and the closing pressure applied with the 



 

Hold-Down system, the four sliding baffle segments are 
firmly secured and locked into the base plate. 
Consequently, as indicated in Figure 17, the first natural 
lateral frequency was found approximately 80 Hz with a 
notable damped shape due to the unavoidable contact 
friction acting between the various telescopic cylinders. 
 

 
Figure 16 Lateral vibration test campaign along Y-axis 

in the stowed configuration 

 
Figure 17 Lateral baffle response curves along the Y-

axis with sine sweep input at 0. 5g. 

Similarly, the vibration test in the vertical stowed 
configuration is illustrated in Figure 18. In this case, the 
resonant frequency was approximately 230 Hz which is 
much higher than the required 40 Hz for the launch 
configuration. 
Finally, the thermal-vacuum test configuration, shown in 
Figure 20, demonstrated the capability of the baffle 
components and the Dyneema wire used for the HDRM 
and deployment to survive in both hot and cold 
environments. After this sequence of tests, one additional 
deployment test was necessary to assess and verify the 
correct functionality of the mechanics. As demonstrated 
from the various tests results, this baffle model is able to 
withstand and meet all the system level requirements 
imposed with additional margin. 

 
Figure 18 Vertical vibration test campaign along Z-axis 

in the stowed configuration 

 
Figure 19 Vertical baffle response curves along the Z-

axis with sine sweep input at 0.5 g 

 
Figure 20 Stowed baffle thermal-vacuum test 
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F Spectrum Reference 0.50
F Spectrum UpAlarm 0.71
F Spectrum LowAlarm 0.35
F Spectrum UpAbort 1.00
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F Spectrum AvgCtrl 0.54
F Harmonic Spectrum C1: +Y vane - top 1.34
F Harmonic Spectrum C2: +Y vane - top 0.64
F Harmonic Spectrum C3: +Y vane - top 1.30
F Harmonic Spectrum C4: deployer - top 2.05
F Harmonic Spectrum C5: deployer - top 4.74
F Harmonic Spectrum C6: deployer - top 6.21
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