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ABSTRACT
Passive deployable mechanisms are commonly used
devices for single shot deployments of various kinds of
appendages aboard spacecraft. However, in many cases
these devices are based on metallic springs and
additional latching devices which make them prone to
lower deployment accuracy and thermal distortions. In
order to improve this, RUAG Space Germany GmbH
(former HTS GmbH) has developed passive deployable
mechanisms based on elastic collapsible hinges using
carbon fibre reinforced plastics (CFRP).In an effort to
mitigate the risk of inaccurate deployment and thermal
distortion and to ensure controlled deployment, RUAG
has teamed up with Invent in an ESA ARTES 5.1
activity (CO 4000116563) to develop a specific
damping and motion control system for Ultra-Light
Deployment Mechanisms (UDM) using CFRP blades.
Since this project has finished, the next step to a product
sustainable for a future market has been planned and
initiated.
BACKGROUND
Available launcher fairing dimensions have always been
limiting factors to the maximum size of structures like
solid reflector antennas, solar arrays, deployable booms,
etc. The possibility to split structures into smaller
sections in order to reduce the stowed envelope and
increase the usable dimensions is currently considered
in different ways, but achieving high stiffness values in
deployed configuration combined with a light weight as
well as low/non power consumption is quite a big
challenge.
The carbon fibre reinforced plastics (CFRP) based
deployment mechanism presented herein demonstrates
advantages in terms of mass, pointing stiffness, stability
and complexity over other elastic collapsible hinges
(ECH) based on metallic springs and over conventional
deployment mechanisms.
This article is strongly focused on the enhancement of
the Ultra-Light Deployment Mechanism (UDM) [1]
which has been developed and tested as a part of the

ARTES 5.1 program. In the scope of an ESA ARTES
5.1 research project UDM represents the next stage of
the Ultra-Light Mechanism for Advanced Antenna
Systems (ULMAAS) [2] which has been developed to
guide the deployment of lightweight antennas. The
resulting hinge integrates several functions (deployment
motorization, guidance, latching and pointing stability)
in a compact design weighing less than 0.6 kg. UDM
has put that design to the next level by optimizing the
deployment angle up to 200°, increasing the stiffness
and pointing accuracy compared to ULMAAS.
The objective of this activity was to develop a damping
mechanism capable of reducing end-of-travel shock and
preventing the hinge from overshooting. Therefore
several concepts have been developed and tested
starting from passive versions with elastomeric
materials up to one active version using Shape Memory
Alloy (SMA) for a Damped Ultra-Light Deployment
Mechanism (DUDM).
Development Approach
Since DUDM has been initiated, the activity is focused
on product development. Therefore a low cost, low lead
time and modifiable version has to be evaluated. In
general, DUDM can be seen as one building block for a
configurable deployment hinge. The over-all approach
is shown in Fig. 1, where ULMAAS is the baseline for
UDM. UDM has been improved by applying a damping
device which has been tailored as a part of the DUDM
project. The future product is called Configurable UltraLight Damping Mechanism (CUDM). Among other
things, downscaling of the CFRP blades including
material properties characterization and qualification is
planned with the objective of having a modular hinge,
based on building blocks configurable to be adaptable to
a wide range of missions and applications. Marketing
and configuration should be aided by means of a tool
which allows each customer to configure a suitable
deployment solution. DUDM has been focused on
qualification of the blade material and damping device.
The project flow chart is shown in Fig. 2.
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The DUDM shall be based on the UDM design and
improve it in terms of damping. The objective was to
develop a damping device capable of reducing the
deployment shock of the hinge significantly and suitable
to control the deployment.
DESIGN
Hinge Design

Figure 1 Product development flow chart

The DUDM hinge design is based on the former UDM
design which is shown in Fig. 3. Basically it consists of
two interface plates made of CFRP with bonded
titanium brackets, three CFRP blades (1 Stiffener and
two X-Blades) which are bonded and clamped with the
titanium brackets and a HDRM. There are two general
configurations: folded (stowed) and deployed. The
arrangement of the blades in deployed configuration
results in a structure similar to a frame and provides a
stiff structure. The UDM allows a bending angle of up
to 200° which represents the folded configuration. In
this configuration the UDM provides sufficient stowed
elastic energy to deploy a wide range of deployable
structures like solar arrays, panels, reflectors, etc.
During the launch the hinge is in folded configuration
(launch configuration). The design shown in Fig. 3 has a
box dimension of 260x130x260 mm³ deployed and
260x260x130 mm³ in stowed configuration.

Figure 2 DUDM Development Flow
REQUIREMENTS
The main objective of DUDM is a single shot
deployment of spacecraft appendages such as antenna
reflectors. The main mechanical functionality of UDM
is structurally divided into:
 The deployment,
 The latching in operational position, and
 The pointing and/or stiff operational function
Hold Down and Release Mechanisms (HDRM) shall
carry the launch loads while the hinge is in stowed
configuration. Once the deployment is completed, the
hinge shall provide sufficient stiffness to meet the
pointing accuracy requirements after deployment and
during the lifetime in the operational environment of the
reference application.

Figure 3 UDM Design deployed configuration (top) and
stowed configuration (bottom)
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Blade Design
The design of the UDM blades was updated in scope of
the DUDM project in order to improve the bending
behaviour by means of removing one layer of glass
fibre. Thereby a requalification of the material was
necessary which has been performed in scope of the
material validation test campaign. Therefore, tensile,
bending, shear, compression and relaxation tests have
been performed. In addition values of fibre volume
fraction, moisture saturation, outgassing and glass
transition temperature have been determined. The tests
have shown that the material is compliant with the
required values according to the European Cooperation
for Space Standardization (ECSS). Fig. 4 shows one
typical blade front and backside.

damping concepts which have been evaluated further
during the sample testing before entering the detailed
design phase. One visco-elastic concept is shown in Fig.
5 where sheets of visco-elastic material have been fixed
on ribs. This concept is representing a fully passive
damping.

Figure 5 damping concept with viscoelastic material

Figure 4 picture of typical blade
Damping Device
In order to improve UDM in terms of damping, a wide
range of damping methods has been assessed. The basic
damping approach trade-off compared the 9 general
damping or motion control approaches which could be
applicable to the UDM:
-

The functional principle of the concept for a controlled
movement can be observed in Fig. 6. In the sketch a
direct connection of the SMA with an interface on the
blade has been chosen. The SMA locks the degree of
freedom of the CFRP blade due to its shorter length
(coiled part of the wire). When the external HDRM is
released the CFRP blade tries to relax and return to its
undeformed shape. For the blade to unfold the SMA
must be elongated. To accomplish this elongation the
SMA-wire can be trained to change from a coiled to a
straight shape at a certain temperature level. Within this
mechanism the SMA is stressed only due to tension
which is less critical then bending. This concept
represents the active version.

Shape memory alloy based principles (SMA)
Electro-active polymers (EAP)
Bi-metal based principles
Magneto-rheologic polymers
Magneto-rheologic fluids
Paraffin based principles
Viscous damping
Visco-elastic damping
Plastic deformation

Figure 6 damping concept with SMA material

Other concepts for motion control, such as rotary disk
brakes, eddy current dampers or clockwork dampers
have intentionally not been taken into account, as they
were evaluated in an earlier stage and found unsuitable
for the UDM hinge device. The implementation of such
concepts would be incompatible with the key design
principle of the UDM as an ultra-light, friction free
deployment device.
Concepts based on visco-elastic damping, shape
memory alloys and phase change of paraffin wax have
been identified as most promising.
A concept trade-off has been performed to identify 2-3

The two most promising concepts have been tested on
Breadboard (BB) level.
The passive concept uses a spine-based integrated
damping which leaves the main shape of the tape
springs untouched as far as possible. The working
principle is rather simple, an unbending of the blade will
results in an elongation of the damping material and
therefore will lead to energy transformation to heat and
to a slower and damped deployment. The damping
material will be installed on the blades by fixating it at
the designated attachment points included in the blade
design.
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The active concept uses an active SMA damper which
leaves the blades completely untouched. A SMA wire is
coiled like a spring and mounted between the end points
of the X-Blades. When heating the SMA a phase change
in the alloy is triggered and the SMA slowly transforms
to its natural, short and stiff configuration. After
heating, the SMA element is pre-stressed, short and
stiff. Initially, when the HDRM is released, the SMA
element will block a degree of freedom of the CFRP
blade and will therefore restrain it from unfolding in an
uncontrolled manner. When the SMA is cooling down
the alloy looses stiffness and strength. As a
consequence, the deployment forces of the hinge
lengthen the SMA spring constantly. This process will
slowly release the UDM and allows for a controlled
deployment of the hinge. Fig 7 provides an impression
of the passive and active deployment BB.

Figure 8 DUDM Hinge in folded configuration and
fixated HDRM
Demonstrator Design
The DUDM general design is shown in Fig 9. Basically
it consists of two CFRP interface plates with bonded
titanium brackets, three CFRP blades (1 Straight Blade
and two X-Blades) which are bonded and clamped with
the titanium brackets and a HDRM. The arrangement of
the blades results in a structure similar to a frame and
provides a stiff structure in the deployed position. It
allows a bending of the DUDM up to an angle of 200°.
The DUDM has sufficient stowed elastic energy
(including ECSS margins) to deploy a wide range of
structures like solar panels, reflectors, radiators, etc.

Figure 7 passive (left) and active (right) deployment
Breadboard
The active concept showed stable and good results with
no overshoot and high damping factors during the whole
test campaign. For the detailed design the attachment
points of the SMA spring should have a larger distance
to one another to reduce the shock and acceleration at
the beginning of the deployment.
HDRM
Each hinge can be equipped with a separate Hold Down
an Release Mechanism (HDRM) which consists of two
brackets connected to the interface plates. The brackets
have a cup and cone interface to ensure best form fit.
The cup-cone interface parts can be fixed by a release
actuator (Frangi Bolt, Release Nut or similar). Fig. 8
shows one hinge in folded configuration with fixated
HDRM brackets by means of a screw, replacing the
actuator.

Figure 9 DUDM Demonstrator Design
Demonstrator Test Campaign
The flow chart Fig. 10 summarizes the test campaign of
the DUDM demonstrator hinges. The scope of the
DUDM demonstrator tests was to verify the
requirements using two demonstrators (DUDM 1 and
DUDM 2). Regarding this, tests like 3D-measurement,
functional-, stiffness- and accuracy-tests were
performed. Additionally a storage and thermal cycling
test was done to measure changes caused by creep and
thermal stress.
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ANALYSIS RESULTS
The following types of analyses have been performed:
- Modal (general stiffness)
- Static Force – displacem. (stiffness performance),
- Elasto – thermal (performance)
- Deployment analysis
- Thermal Analysis
The results of the modal analysis in stowed
configuration are shown in Tab.1. Furthermore, Fig. 12
shows the plots of these first modes.
Table 1 major modes, stowed configuration
Figure 10 Demonstrator Test Flow Chart
The stiffnesses of the demonstrators in the dedicated
directions exceed the requirements significantly. The
overall DUDM system can be rated very stiff. Minor
and mainly positive changes in stiffness have been
observed over the test campaign.
A comparison of the different deployment tests shows
no major changes in the torque measurement, but an
increasing shock level from the initial deployment test
to the final deployment test. The tests implemented after
the test campaign, including storage-, thermal cycling-,
deployment tests indicate that the tests might have a
minor, but measureable impact on the performance
hence the material properties of the hinge.
Contrary to the expected sharp switch-point of the SMA
at the defined temperature, the material has a rather high
force even at minor temperature increase. After a
detailed discussion with the SMA manufacturer it is
assumed that this behaviour can be adjusted by an
advanced development of the SMA spring. This can be
done with special focus to the real load case of the hinge
application. For further development the use of
progressive wound spring geometry (see Fig. 11) will be
assessed. This geometry would improve damping
performance as it enables the spring to cope with the
high energy levels during the end of deployment.
Especially an overload of the spring has to be avoided to
prevent a change in the switching temperature and the
corresponding spring rate.

Figure 11 possible spring geometries to improve the
damping behaviour of DUDM

Figure 12 first modes of the blades
Six load cases were analysed to determine the force –
displacement stiffness of the deployed double hinge.
Reaction forces and moments were measured at the
reflector dummy CoG. The plots are shown in Fig. 13,
the results are summarized in Tab. 2

Figure 13 Stiffness performance, displacements [mm],
deployed, double hinge
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the final hinge including the damping device.
Table 2 Stiffness performance, deployed, double hinge

In Fig. 14 and Tab. 3 the results for a temperature
change of 10 K to all grids of the model are reported. In
Tab. 3 the displacements for two locations are listed:
- at the height of the hinge centre line, and
- at the height of the centre of gravity of the reflector
dummy.
The displacements/rotations at hinge height for ΔT =
100 K are collected in Tab. 4.
Table 3 Thermal deformations, deployed, double hinge,
Δ T=10K

Table 4 Thermal deformations at hinge centre line,
deployed, double hinge, Δ T=100K

Figure 15 DUDM demonstrator hinge
Tab. 5 summarizes the main properties of the DUDM
hinge. The overall system mass considers one hinge,
including the interface to adapt a Hold Down and
Release Actuator. The deployment angle can be adapted
in a range up to 200°. The operational temperature range
is driven by the SMA material which is characterized by
a switch point at 90°C.
Table 5 DUDM Performance Properties
Performance
Mechanical Properties
System Mass
Deployment/ Travel Angle
Deployment Torque
Mech. Accuracy
Deployed Stiffness XYZ
Deployed Stiffness rot. XYZ
Envelope deployed
Envelope stowed
Temperature Range
Damped Configuration
Static Torque at 150° to 20°
End-shock
Mech. Accuracy
TRL

0.650 kg
0 to 200°
> 8.0 Nm
< 0.003°
> 5.0e04 N/m
> 3.0e04 Nm/rad
265 x 125 x 265 mm³
265 x 235 x 150 mm³
Non-op. [-150°C; +150°C]
Operat. [-60°C; +80°C]
> 2.5 Nm
< 100 g
< 0,02 °
TRL 5

FUTURE PRODUCT CUDM
Introduction

Figure 14 Thermo-elastic displacements [µm],
ΔT=10K, deployed, double hinge
DUDM PROJECT CONCLUSION
The overall development of the damped hinge system
can be rated successful. A technique to dampen the
powerful deployment of CFRP blades has been
successfully developed and verified by test. Thereby a
Technology Readiness Level (TRL) of 5 has been
reached, ready to elevate the TRL and extend the
number of applications by design updates. Fig.15 shows

In order to stay in line with the future market and within
the stakeholder needs, an analysis needs to be
performed in detail as a part of the next project. The
market shall be analyzed in order to derive general
requirements for:
-

Quality of products
Quantity of launches and thereby products needed
Physical properties (mass, size, etc) of these
products
Lead time
Cost
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Preliminary Market Assessment
A preliminary market assessment has been performed in
order to derive requirements for the advancement of the
hinge. Therefore, space market forecasts have been used
provided by Seradata [3], Spaceworks [4], Euroconsult
[5][6]. The results of the market assessment are
provided hereafter.
The number of missions and consequently the number
of products per year increase rapidly. In between 2023
to 2026 the forecast predicts between 440 and 800
launches per year.
The Small Sat market increases significantly and
thereby the size of products decreases. Euroconsultant
predicts a growth rate of >50kg weight category (w/o
OneWeb and SpaceX) missions of factor 2 [6], the
<50kg growth with a factor of 4. In addition, ~2500
spacecrafts will be launched by OneWeb and SpaceX.
The number of launches increases, the quality of the
products shall remain or increase. Furthermore, a
significant decline in prices for future products can be
observed. The maximum price for deployment
mechanisms will decrease rapidly.
Due to increased number of missions per year, the lead
times of products need to be shortened. According to the
most conservative calculation at least 22 missions need
to be equipped annually. More optimistic calculations
put that number at 44 or more.
Concept
Derived from the preliminary market assessment,
general requirements have been elaborated to satisfy the
needs of the future market and achieve the maximum
market penetration.
Therefore, the Hinge shall be scalable to three different
sizes (see Fig. 16. The preliminary estimation of this
sizes shows following graduation of deployed hinge
length:
- Size 1 -> 20mm
- Size 2 -> 80mm
- Size 3 -> 260mm (current size of DUDM)

The future hinge product must be available not just in
different length; there must be some sort of
configurability to make the product easily adaptable to
the wide range of different missions. Each mission will
have different requirements applicable to the properties
of the hinge in terms of:
- Mass
- Stiffness
- Deployment behavior
- Thermal properties
- and within the price
The mass of the hinges is driven by the interface parts
due to their impact on the stiffness. The stiffness is
driven by the number and arrangement of blades. In
order to avoid overshoot and a high latching shock some
sensitive components require a damping mechanism
which has been developed as a part of the DUDM
activity. Furthermore, the future hinge shall provide the
ability to be equipped by Multi Layer Insulation (MLI).
The future product shall stay in line with the ECSS
standards in order to reach a high applicability. It is
mandatory to reach a Technology Readiness Level
(TRL) of 8 with the objective to reach 9 after an in-orbit
demonstration (IOD) mission. Due to the fact that the
quality of the product is a strong price driver, a qualityalleviated version should be available in order to equip
Engineering (EM), Qualification (QM) and StructureThermal Models (STM). Furthermore, a low cost
version could also satisfy the needs of a wide range of
student or institutional projects
Considering the high number of missions per year on
the future space market and taking into account the
therefore required parts for EM, QM and STM models,
each year a minimum of 22 missions (with a minimum
of 2 hinges per mission) need to be equipped ( ≙ 4
hinges per month). Such numbers are achievable by
means of a serial production approach.
While the future space market total revenue increases,
the cost per mission decreases significant. In order to
ensure competitive prices for the future hinge, the price
per hinge shall follow the estimation of the market
analysis.
In order to facilitate acquisition for customers, the
hinges shall be ITAR free. Therefore it is mandatory to
avoid the use of US American products.
The product shall be easily procurable. Some sort of
web shop or online tool will reduce the iterations and
technical discussions and will keep the price at an
acceptable level. In addition, such kind of web shop
shall act as a link to the customer and to the future
market. An example of such a web shop is shown in
Fig. 17.

Figure 16 illustration of a scalable DUDM hinge
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Figure 17 web shop example for future product
Thereby, the future product
- will be scalable and configurable,
- will remain at a high quality level,
- will have a short lead time and low price,
- will be ITAR free
- will guarantee Simple Procurement
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shown in Fig 18.
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