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Telecom Satellite Platform (GEO)

4Introduction to Space Mechanisms & Structure ©GF

©Space Systems/Loral



Telecom Satellite Platform (constellations, e.g. Starlink)
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Mechanism

Collins Dictionary

mechanism:

“[…] a system or structure of moving parts that performs 
some function […]”
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Space Mechanisms

• Launch and Re-Entry Vehicles
• Separation systems
• Engine/propulsion regulation, gimballing devices, turbo pumps
• Flap controls, parachute deployment systems

• Spacecraft equipment
• Wheels, mechanical coolers, pumps, valves, solar array drive mechanisms …
• Hold-down/release, deployment, …
• Pointing, …

• Science Observatories, Earth Remote Sensing, and Planetary Exploration Mechanisms, In-Orbit 
Maintenance
• Mechanisms for manipulations, robots, rovers
• Sampling systems and in-situ analysis devices, bioreactors, lab equipment
• Mechanical devices for science and remote sensing instruments

7Introduction to Space Mechanisms & Structure ©GF



Engine gimbals, turbopumps, valves
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©Arianespace

Engine Support Frame
Bâti Moteur Equipé (BME)Vulcain 2 Engine
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Engine gimbals, turbopumps, valves
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©Art Streiber
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Separation Systems
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©H. Martinez et al., 42nd AMS, 2014

Orion fairing
separation test
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Deployment, release
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Deployment, release
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©NASA/Chris Gunn

©NASA/Chris Gunn

©NASA
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Deployment: failure
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©NASA/JPL-Caltech/Univ. of Arizona/University of Leicester
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Deployment of solar sails
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©D. Turse et al., 42nd Aerospace Mechanisms Symposium, 2014

S. A. Zirbel et al., 42nd Aerospace Mechanisms Symposium, 2014
Origami-Inspired
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Drive mechanisms, power transfer
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Attitude control
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©Rockwell Collins

©Airbus DS GmbH
©NASA ©RUAG Space

Reaction wheel

CMG

Plasma Thruster gimbal
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Fluidic: valves for spacecraft propulsion

17

©Moog, Inc.

©Moog Bradford Engineering B.V.

©Moog Bradford Engineering B.V.
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Payloads, communication
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Optical payload – Filter assemblies
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Optical payload – JWST: NIRSpec instrument microshutter (MEMS)
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©NASA's James Webb Space Telescope
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Space Laboratory
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Planet exploration, robotic
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Space Robotic
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Parameters - Sizing

• Interfaces
• Thermal stability and loads
• Structural strength
• Tribology, wear
• Micro-vibration and noise
• Multi-body dynamics
• Cynematic

24

Mass ⟺ Size ⟺ Function ⟺ Reliability

Complexity ⇒ Risk
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System Design
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Cost
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Bearings

25

• Bearing types

• Ball-bearings
• Plain bearings
• Flexure bearings
• Magnetic bearings

• Ball-bearing materials:

• 440C stainless steel is a martensitic high-carbon steel with up to 18 percent chromium, HRC 58.

• 52100 high-carbon steel is a 1 1⁄2 percent chromium steel, HRC 60, greater wear resistance (gyros, ...) – 
Corrosion -> not recommended for space

• Ceramic (e.g. Si3N4) – Fragile

• Limited electrical and heat conductivity (l ~ few hundredth of W/K). Depends on preload, material, lubricant. Varies with the 
rotation speed.

• Drag torque, torque noise, running noise -> control + microvibrations

• Wear

Credits for the images: Igus, Riverhawk Company, Schneeberger AG, 
SKF, S. Henein et al., Nanobeam 2002.
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Source: ESA

Compliant Mechanisms
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Source: FreeFlex Pivot

Source: CSEM

Source: Ruland

Source: Almatech
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Compliant Mechanisms
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Source: CSEM

Source:
P. Spanoudakis et al. “Design and Production of the METOP Satellite IASI Corner Cube 

Mechanisms”, European Space Mechanisms and Tribology Symposium, San Sebastian (2003)
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ALM (3D printing)
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© E. G. Merriam et al., 42nd Aerospace Mechanisms 
Symposium, 2014

Additive Layer Manufacturing
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Wear of tribological contacts

• Friction and Wear are function of:

• Contact load/stress
• Hardness of the contact materials
• Oxidation of the contact surfaces, oxidation film

• Temperature
• Atmospheric pressure (vacuum, ambient)
• Environment (humidity, contamination, …)

• Working conditions: vibrations, speed
• Surface microstructure and condition

• Pairing of the materials (e.g. electrochemical corrosion, cold welding …)
• …
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Wear of tribological contacts
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Lubricants for space applications

• Volatility, evaporation: outgassing
• Migration (Creep: tendency of liquid lubricant to creep or migrate)

• Viscosity as a function of temperature

• Chemical degradation

§ Maintenance free … (long lifetime …)
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Lubricants for space applications

• Dry Lubricants (Solid Lubricants)
• MoS2, WS2, ... Pb, Au, Ag …

• Grease, oil (specific ones, with low outgassing properties)

• Ionic Liquids

• Self Lubricating Materials
• Polymers: PTFE (Teflon®), Polyamide (Vespel®), Phenolic, Torlon®, 

Peek® …
• Metals: Bronzes

• Coatings

• Resin bonded, Anodizing, Plasma coating, PVD, CVD, …
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Actuators

Ø Rotary
Ø Linear
• Types:

• Electric and Magnetic
• Hydraulic
• Elastic Energy

• Spring motor
• Compliant structure, self deployable structure

• Thermal
• Bimetal
• Paraffin actuator (volume expansion of solid-to-liquid phase change)
• Shape memory alloy (SMA)

• Pyrotechnic

33Introduction to Space Mechanisms & Structure ©GF

As distance between both hinges can be important, the
design of the active hinge has been made compatible
with potential thermoelastic distortions of the
appendage respect to the spacecraft. Therefore, the
structural philosophy of the hinge line is that the passive
hinge supports axial and radial loads, and the active
hinge only withstands radial loads.

The design of both hinges maintains the idea of:
• Easy assembly (simple configuration).
• High degree on modularity as to be easily adaptable to

any other requirement.
• Flexibility as to include options such as additional end

stops, additional monitoring (potentiometer), more
springs, etc.

Table 1 shows the achieved characteristics. Deployment
mechanism main characteristics are the ones indicated
in the design description of the deployment regulator
adding the following ones.
• Low mass: < 1.5 kg (including deployment regulator,

interface bolts and redundant electrical connectors).
Active hinge < 1.12 kg. Passive hinge < 0.38 kg.

• Compact size. Active hinge: ∅ 75 x 160 mm. Passive
hinge: ∅ 65 x 55 mm. (excluding interfaces).

• High deployment angle and adaptability: up to 180º .
• Positioning accuracy better than +/- 1º (+/- 0.01º is

achievable).
• Mechanism output torque > 5.4 Nm (180º). If 90º

deployment and two springs, torque > 11.7 Nm.
• Panel like appendage: 20 kg, 30 kg·m2, 2 m x 4 m (but

not limited to that).
• Collaborates in launch configuration appendage

stiffness. Adaptable to different stiffness requirements.
• End deployment shock minimum (deployment

regulator): < 10 N·m (depends on appendage eigen-
frequency).

• Operational Tª range: –40ºC/+65ºC (qualification).
• Non operational Tª range: -50ºC/+85ºC (qualification).

Table 1  Deployment Mechanism Characteristics

Requirement Achievement
Deployment angle 135º - 180º 0º - 180º
Deployment positioning ± 1º ± 0.1º
Deployment time (15W) 0.33–25 min 1.3–18 min
End deployment shock < 4 º/s ≤ 3 º/s
Output torque ≥ 5.4 Nm ≥ 5.4 Nm
Mass ≤ 2.0 kg ≤ 1.5 kg
Power consumption ≤ 40 W 10 W – 20 W
Pre-Operational Tª –50ºC/+75ºC –50ºC/+75ºC
Operational Tª –40ºC/+65ºC –40ºC/+65ºC
Post-Operational Tª –50ºC/+85ºC –50ºC/+85ºC

Figure 5 shows a global view of the deployment
mechanism with a deployable panel (2m x 4m). Figure 6
and Figure 7 shows the active hinge and the passive
hinge, respectively in stowed configuration. Figure 8

shows a picture of complete deployment mechanism in
deployed configuration.

Figure 5  Panel with Deployment Mechanism

Figure 6  Active Hinge in Stowed Configuration

Figure 7  Passive Hinge in Stowed Configuration

Assembling the Hinges and Latches went relatively smoothly, once all the known dimensional 
discrepancies had been corrected. Special tools were made for pressing in the Bearings and Stub Axles, 
so that no load was applied across the balls. Fortunately, disassembly had also been considered in the 
design phase. This came in very handy when one of the Stub Axles was installed improperly and needed 
to be removed. Simple design features allowed what could have been a real catastrophe to be only a 
minor inconvenience. Lesson reinforced: always consider disassembly, especially for items with press fits.

Figure 12. Assembled LDM 

Boom
To meet alignment requirements, the Boom was bonded using the flight LDM and UDM as fixturing. After 
functionally verifying the Mechanisms, they were mounted to a jig that represented the deployed Primary 
Structure and Reflector interfaces, and the Boom was assembled between. All piece-part fabrication 
tolerances were thereby taken up in the bondlines, and the end-to-end alignment was as good as the jig. 

Testing

Temp/Atm Deployment and Stiffness Testing
The start of mechanism testing turned out to be a real eye-opening experience. The objectives of the first 
Temp/Atm Deployment Test were to functionally demonstrate deployment and latching of the 
Mechanisms at temperature, and to satisfy thermal cycling requirements. Stiffness Testing was then 
designed to apply a moment to the Hinge, at temperature, and measure the resulting rotational deflection. 
The Clevis was mounted to a rotation stage having a horizontal axis, and a large weight was cantilevered 
off the Axle to apply the moment (Fig. 13). The resulting deflection was measured by linear variable 
displacement transformers (LVDT’s). Slowly rotating the stage through 360 degrees resulted in one 
complete load cycle and a mapping of the hinge stiffness. 

Regrettably, test preparations were neglected due to all the fabrication and assembly issues. In the panic 
to catch up, the test engineer took many shortcuts and wound up making many mistakes. In the end, far 
more time and resources were spent fixing the resulting problems than if testing had been delayed to 
allow for proper preparation. Without going into all the gory and embarrassing details, the following list 
highlights a number of lessons learned. The most important lesson of all was that test development 
requires the same level of attention, scrutiny, review, and verification as the hardware to be tested.

! Be sure all test requirements are well established and communicated to all supporting parties 
! Verify the complete test setup prior to testing. That means functionality, mechanical interfaces, 

electrical cabling, thermal control, and especially the data acquisition system are all thoroughly 
demonstrated under environmental conditions 

! When designing GSE to interface with flight hardware, simply duplicate the flight interface rather 
than try to re-engineer it from scratch 

! It’s better to have two simple test fixtures than one complicated one 
! Make accurate predictions of the expected test performance
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Electromagnetic Actuators

34

©Harmonic Drive

©CEDRAT Technologies

©RUAG Space

©CEDRAT Technologies©Avior Contol Technologies, Inc.

©S.A.B.C.A.Stepper

Brushless DC

Voice coil Magnetostrictive
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Piezo-electric Actuator

35

Sources: Cedrat Technologies

Cf. https://www.cedrat-technologies.com/en/technologies/actuators.html
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Fine Stepping Piezoelectric Actuator (FSPA) for IASI-NG 

 
Fig. 6: FSPA35XS fine mode  

Different levels of voltage were tested, and the 
corresponding displacement gain is calculated  

Table 2: fine stepping mode displacement gain vs voltage 

Voltage (V) Displacement 
gain (nm/V) 

150 3.6 
50 3.1 
30 2.3 
  

 
Although this fine stepping mode allows to reach a few 
nanometers resolution, the fact the actuators are in direct 
drive prevets the motor from functioning against an 
external force in this mode. Therefore, this resolution 
can only be considered into fine positioning of inertial 
loads (such as a mirror, a probe, a sample …). 
 
Performances summary and future work 

The overall performances of the FSPA35XS are 
summarized in the following table (Table 3): 

Table 3: Fine stepping mode displacement gain vs voltage 

 Units FSPA Motor 
Travel range mm 5 
Actuation Force (1) N >100 
Holding Force (2) N 200 
Typical min step size nm <100 
Fine mode resolution nm < 5 
Typical max speed µm/s 200 
Typical lifetime (3) cycles 100 
Total mass gr 160 
Volume mm3 Diam 40x54 
Operating temperature °C [0 : 50] 

(1) Blocked force, no more displacement 
(2) Unpowered 
(3) Back and forth 1mm, static load 

 
One of the main interest of this technology is the 
ability to hold its position while powered off, even 
under an external force multiple times the actuation 
force (twice for the FSPA35XS). 

Special FSPA version for IASI-NG 

A dedicated version of this actuator is currently 
being developed by Cedrat Technologies with 
Airbus Defence and Space (ADS) to be used in the 
Infrared Atmospheric Sounding Interferometer New 
Generation IASI-NG instrument program developed 
by CNES. The IASI-NG instrument is based on a 
Mertz Interferometer allowing compensation of the 
Self Apodization issue.  
 
The two Beam Steering Mechanism Actuators 
(BSMA) are used to perform the fine alignment of 
the beam splitter during AIT operations, maintain its 
alignment during launch and then perform in orbit 
fine corrections as needed during flight lifetime. 

 
Fig. 7: IASI-NG instrument (courtesy of AIRBUS DS) 

Based on the FSPA35XS, this special version has its 
core principle slightly changed to allow compliance 
with space requirements (specifically ECSS 
motorization margins).  
 
This fully redundant actuator is designed to achieve 
150µm stroke, 30 N force with a 25-50 nm step 
resolution. The actuator remains rather compact: two 
motors (for redundancy) are integrated inside the 85 
mm x 70mm x 70mm casing for a total mass below 
500g. All the design development is planned to 
deliver a fully ECSS compliant, spatial compatible 
and redundant product. 
 
This model also includes a PPA piezoelectric 
actuator for short stroke positioning and higher 
bandwidth actuation as well as an Eddy Current 
Sensor (ECS) to detect the steps with nanometer 
resolution (reachable under some conditions). 
 
BBM: Stepping resolution 

A Breadboard Model (BBM, see Fig. 8) has been 
built and tested to demonstrate the motor’s 
capability to operate in vacuum and perform very 
small steps. The motor capability to execute 50nm 
steps has been verified. The BBM was tested in 
vacuum where it even showed improved 
performances. 
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Fine Stepping Piezoelectric Actuator (FSPA) for IASI-NG 

 
Fig. 8: BBM overview  

Steeping resolution results achieved with the BBM 
are presented hereafter (Fig. 9): 

 
Fig. 9: Monitoring 20 steps forward / backward movements 
and step size 

As it can be noticed, the average step size is quite 
reproducible for each forward/backward direction, at 
around 40-50nm per step. The backward motion 
presents a greater dispersion for which no precise 
explanation could be provided. 
 
EM: Improvements and ongoing tests 

Based on the result and lessons learned from the 
BBM, the design was improved to build two 
Engineering Models (EM), see Fig. 10. A particular 
attention was given to improve internal stiffness.  
 
Additional improvements include the addition of a 
connector for easier integration and of a particle 
filter to comply with higher level cleanliness 
requirements. 

 
Fig. 10: BSMA Engineering model 1 (EM-1) 

EM tests were performed in ambient laboratory 
conditions. The motor is actuated on each direction 
for the full stroke (+/-75µm) for a total of 10 cycles. 
The results are compiled on the following graph (Fig. 
11) plotting the evolution of motor step versus its 
position along the actuation stroke. The 
displacement measurements are performed using the 
built-in CTEC ECS Eddy Current Sensor [4].  

 
Fig. 11: EM-1 step size vs stroke for both directions 
(averaged over 21 steps)  

The motor is able to generate steps with an average 
value of 40nm. The dispersion of the averaged step 
size over the 10 full stroke cycles is in the order of 
magnitude of 10 nm, which is not surprising, due to 
the dispersion of the mechanism and the noise which 
makes ECS output difficult to process and analyse. 
The local spikes are currently assumed as 
“acquisition noise” ( external electrical spikes for 
ex.) because they seem to occur randomly and are 
not repeated over the 10 cycles. 
 
Conclusion 

Two prototypes based on the FSPA technology are 
presented in the paper: the FSPA35XS which is to 
be CTEC main FSPA product and a special version 
for the IASI-NG satellite. Large forces (holding 
force without power and actuation force) are 
proposed using this technology, coupled to very high 
resolution (down to a few dozens of nanometres), 
demonstrated through test campaigns performed on 
the prototypes. 
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Thermal Actuator
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Pyro-actuators
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©NEA Electronics, Inc. ©Cobham Group

©PSEMC

Hold Down & 
Release Mechanism Cable cutter Pyrovalve
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Example: ROSETTA – MIDAS Instrument
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The MIDAS instrument contains 7 different mechanisms:
1. Cover to keep the funnel closed and clean in prelaunch and 

launch conditions. Released with a Pyro-Piston Actuator.
2. Shutter to control deposition time of the dust flux on the 

target wheel. Operated by a Piezo-Electric motor.
3. Wheel assembly includes a Piezo-Electric motor and an 

Incremental Encoder.
4. Translation stage for tip selection. Operated by a Piezo-

Electric motor.
5. Approach mechanism for the coarse approach of the tips to 

the samples. Operated by a DC brush-motor in a 
hermetically sealed pressurised container.

6. XYZ scanner for three-dimensional scanning of the sample. 
Operated with three Piezo-electric actuators. Two SMA’s 
are implemented for launch-lock of the X and Y scanner.

7. Clamping mechanism to fix the AFM-baseplate before and 
during the launch. Two paraffin actuators release all 4 
clamps.©
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Structures
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Reducing the mass: material selection

40

• Ideal case:
- Maximum strength

• 𝜎max as high as possible
• 𝜎max can be 𝜎0.2 (yield strength) or 𝜎u (ultimate strength)

- Minimum mass
• 𝜌 minimum (low specific mass)

𝜎!"#
𝜌 as high as possible

Material 𝝈max [MPa] 𝝆 [kg/m3] 𝝈max / 𝝆 Comments

Polyimide (Vespel SP-1) 86.2 1430 0.06 @ room temperature

INCONEL 718 980 8190 0.12 @ 650°C

Beryllium 240 1844 0.13 Very high stiffness, very brittle

Al-Li 8090 T8151 370 2540 0.15 Difficult supply, low corrosion strength

High strength stainless steel (15-5-PH)
1140 7800 0.15

Metallurgical state > H1000 or limited corrosion strength

Aluminum Series 7000 T73 435 2810 0.15 Limited stress corrosion cracking strength

Stainless steel (440C) 1280 7800 0.16

TA6V 1000 4430 0.23 Solution treated and aged

Carbon Fiber Reinforced Polymer (CFRP) 400-2800 1500-1800 0.27-1.9 Complex technology

Various sources, for order of magnitude only
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Reducing the mass: adapting the geometry

41

• Remove excess mass
- Machining of pockets

- Thin parts with ribs

- Suitable assembly methods
• Monolithic
• Welding
• Riveting
• Gluing
• Screwing

- Additive manufacturing

- Use of advanced composite materials
• Honeycomb
• Structural polymers
• Carbon Fiber Reinforced Polymer (CFRP)

C. Additive Manufacturing

Once the optimized designs have been validated with a FEM
analysis to ensure that they will perform according to their design
specifications, their respective CAD files are converted into STL files,
which are transferred to the 3-D printing machine along with their
corresponding generated support structures. In the present case, an
EOSM290DMLSsystem is employed that has abuild chamber area of
250 × 250 × 325 mm. One of the benefits of additivemanufacturing is
thatmany components can be fabricated simultaneously, provided that
they are composed of the same material and that they fit within the
build chamber of the printingmachine. In this work, it was determined
to produce four star tracker camera brackets and 10 tensile test coupons
(five vertical and five horizontal) in order to have the flightworthy
components in addition to spares for destructive and nondestructive
testing. Hence, the camera brackets were arranged on one plate as
shown in Fig. 3, along with test coupons and two hermetically sealed
thin-walled pyramids containing unused powder for later recovery if
required (e.g., saved powder exposed to the ambient environment will
not be representative of the powder that was used to manufacture the
specific parts). Components were fabricated with the aluminum alloy
AlSi10Mg powder obtained directly from EOS with a build layer
thickness of 30 μm. Figure 10 is a photograph of a completed edge
insert, an insert that was partially fabricated in order to visualize its
internal structure, and a star tracker camera bracket. These components
have been lightly hand polished but not machined for attachment
points. None of the components in this studywere required to undergo
heat treatment.

D. Mechanical and Material Verification
1. Tensile Testing

The five horizontal and five vertical test coupons were additively
manufactured as depicted in Fig. 3 and machined into the dog-bone
shape specified by ASTM E8 standards [7]. The coupons were
subsequently tested according to the ASTM standards in controlled
tension until failure. The properties that were directly measured were
ultimate strength, yield strength, and elongation at rupture. From these
measurements, Young’s modulus was determined. Table 1 illustrates
the results of the in-process coupon tensile tests. In each case, the
results are well within the required values of the SSTL technology
mission, which requires that no values be less than 190 MPa.

2. Scanning Electron Microscopy

SEM images were also created and analyzed from the fracture
surface of the vertical and horizontal in-process test specimens, and
they are shown in Figs. 11 and 12, where the images on the left show
the entire fracture plane, the central images illustrate a magnified
view of the same plane, and the rightmost image illustrates a further
magnification and the presence of micropores. The SEM images
revealed that fractures originated due to porosity or unmolten
powder. It should be emphasized that every observed defect was well
below the acceptance criteria (e.g., criteria were that no pores be
larger than 150 μm), as was also confirmed with the CT scans
(discussed in the following). The fracture morphology has the
characteristics of ductile shear fractures, as evidenced by the small
dimples in the magnified view.
Light microscopy images of the sampled sections are shown in

Figs. 13 and 14 for horizontal and vertical test coupons, respectively.
When a dark filter is used, it is apparent that a large-scale structure
exists on the order of the very fine, homogeneous morphology with
no microsegregation. Hence, rapid solidification aspects associated
with laser-based powder-bed manufacturing results in very fine
microstructures, devoid of visible grain boundaries and segregation.
Hence, even though laser raster patterns are evident in the larger

scale, the microstructure on the smaller scale is refined and
homogeneous, indicating high-quality material properties. This
outcome corroborates the excellent tensile testing results in which
each test exceeded the minimum criterion for strength.

3. Computed Tomography

Nondestructive inspection was performed on two of the four
printed star tracker camera brackets by means of computed
tomography with a Metrotom 1500 machine. Scanning was
performedwith a constant resolution of 150 μm along all axes,which
was also the minimum defect criterion. No defects, inclusions, or
pores were found within the resolution of the scanned images, which
was consistent with the SEM results that imaged pores on the order of
30–70 μm and nothing higher.

4. Geometric Analysis

A 3-D model was created from the computed tomography data of
the printed part and compared to the CAD file from which it was

Table 1 Results from tensile testing campaign

Ultimate strength, MPa Yield strength, MPa % elongation Young’s modulus, MPa
Horizontal Average 392.98 244.93 6.60 >70;000

Standard deviation 8.30 7.85 0.55
Vertical Average 394.29 208.54 5.5 >70;000

Standard deviation 1.63 2.24 0.58

Fig. 10 Photographs of optimized additive manufactured parts: cross-sectional view and complete insert (left), and optimized star tracker bracket
(right).
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Assembly of structures

42

• Monolithic
- Machined from billet

• Advantage: no assembly elements (always critical)

• Drawback: complex machining

• Additive Manufacturing
• Advantage: very complex geometry can be achieved, topology optimization, no assembly

 (geometry complexity ≠ manufacturing complexity)
• Drawback: post-processing required, complex product assurance

• Assembly of parts (always critical processes requiring qualified personal)
- Welding:

• Metallurgical transformation with the creation of lower strength area
• Risk of corrosion
• Incompatible materials (e.g. Al-Li)

- Riveting
• Highly elaborated and well-known technology (aerospace).
• Highly dependent on qualified personal
• Risk of stress corrosion cracking. Surface finish and cleanliness are key

- Gluing
• Highly dependent on surface finish (cleanliness, presence of a potential primer, surface roughness, …)
• Selection of the glues with respect to the use
• Risks during operations: aging under radiations, thermal degradation, softening (e.g. glass transition temperature, chemical 

modifications …) …

Source: ESA–G. Porter

Source: RUAG Group
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Assembly of structures
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• Example of assembly
- Inserts and threaded inserts glued into a CFRP honeycomb structure

 

20 - APCO Technologies - Flight Hardware 
This document remains the intellectual property of APCO Technologies SA and may not be copied, or used without their prior written approval.  

INSERTS HOT-BONDED & SPECIAL 

Hot-Bonded Inserts Characteristics 

Type   
Blind / 

Through  
Insert 

Material 
Panel Thickness  

(mm)   

Edge or 

cylindrical 
Through  

Al 7075 T7351 / 
TA6V /  

8.8 to 38 

Hot-bonded inserts on Sentinel-5 P 

HOT-BONDED INSERTS 

Unlike cold-bonded inserts which are added to the raw panel 
after curing and machining, hot-bonded inserts are 
embedded in the panel assembly before curing. 
  
Hot-bonded inserts come in all forms, dimensions and 
fonctions. 

Special cold-bonded Titanium edge Inserts on ATLID 

Foot insert on Sentinel-2 MSI 
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Satellite Central Structures

The central cylinder of a satellite could be compared to the spinal cord 
of a human being: It provides the mechanical support of all equipment, 
decks, panels, electronics, and propulsion tanks. Created with over 30 
years of experience from Carbon fiber production, RUAG Central Cylin-
ders continue to be used in a large number of satellites.

With the optimized ultra-light RUAG Satellite Central Cylinder Structure, 
a 90 kg Cylinder can carry satellite equipment with a mass up to 7 met-
ric tons and still handle the accelerations and loads of a space launch.

The central cylinders can be made to accommodate the common space 
busses, up to 5m in height and with the standard 937 (37inch), 1194 (47 
inch) or 1666 (66 inch) launcher interface. 

The RUAG ultra-light Satellite structure is a sandwich 
composite structure with a mass and stiffness opti-
mized design. It typically has a large number of differ-
ent load zones with varying thickness and density all 
adapted to customer needs.

The Sandwich outer layers consist of CFRP (Carbon 
Fiber Reinforced Plastic) and aluminum honeycomb 
sheets make out the inner layer. For optimization pur-
poses the carbon fiber skin thickness can vary be-
tween 0.3 and 10 mm.

The core of the sandwich is laid-up using a range of 
different density honeycomb sheets, all with the pur-
pose to minimize mass.

Central cylinder for satellites

Sandwich Design

Source: APCO Technologies 

Source: RUAG Space
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Space Mechanism & Structure Standards

• European Cooperation for Space Standardization (ECSS)

• ECSS-E-ST-33-01C - Space engineering: Mechanisms
• ECSS-E-ST-32C - Space engineering: Structural general requirements
• ECSS-E-ST-10-03C - Space engineering: Testing
• ECSS-Q-ST-70 - Space product assurance: material, mechanical part and 

process
• ECSS-Q-ST-70-36 - Space product assurance: Material selection for controlling stress corrosion cracking

• ECSS-Q-ST-70-37 - Space product assurance: Determination of the susceptibility of metals to stress corrosion cracking

• ECSS-Q-ST-70-71 - Space product assurance: Data for selection of space materials and processes

• …
• Others (NASA, MIL, …)

+ various handbooks (ECSS, NASA, …)

44

https://ecss.nl
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Testing

• Functions
• Interfaces
• Vibration
• Shocks
• Thermal vacuum
• Lifetime

45
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Model and MAIT Philosophy

• BBM, EM, STM, QM, EQM, PFM, FM ...
• Early stage fit and functions: concepts, principle of operations, 

cable routing, ...

• MAIT Plan, Sequence of Integration
Manufacturing, Assembly, Integration and Testing

46

Soldering Cable routingIP MIP Potting

(K)IP: (Key) Inspection Point

MIP: Mandatory Inspection Point (ECSS-Q-ST-20C)
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Dependability … Reliability, Safety

• Redundancy most of the time impossible to implement

• Fail-Safe
• Single Point of Failure

• Failure mode, effects and criticality analysis (FMECA) - ECSS-Q-ST-30-02C

• Safety (manned flight, ground equipment, launch vehicles, … )

• Hazard scenario,
• Likelihood,
• Severity.

47

⇒ Magnitude of safety risk
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Conclusion

• Mechanisms are never perfect
• Dimensions, mass
• Stiffness
• Non-linearities, backlash
• Tribology, Wear
• Microvibrations
• Reproducibility

• Mechanisms are potentially single point of failure (SPF)
• Complexity = Risk
• Challenges of structures

• Strength
• Deformations, including thermo-elastic deformations
• Mass
• Assembly

☞ Test, test, test …
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