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ABSTRACT 

One way to attenuate disturbances generated by 

mechanisms (Reaction Wheels, CMG, ….) is to use 

passive solutions using viscoelastic materials: They 

can be implemented at the interface between 

equipment and its structure as isolator items, or 

directly in the mechanism itself as local treatment 

solutions. Frequently, these solutions have to 

combine another function: To protect the mechanism 

itself from the launch environment (sine, random 

and shocks). 

Contrary to metallic solutions, mechanical responses 

of viscoelastic solutions are not linear with regards 

to input loads, frequencies and temperature. But 

these specificities can be manageable by applying 

complementary ways during the design phase and 

the validation tests phase, in particularly:  

- By tuning elastomer compound wrt 

environmental constraints 

- By considering the appropriate 

damping/stiffness modelling and the associated 

elementary characterization tests 

-  By considering adapted design rule 

Based on the development of two different damping 

solutions (for a “light” reaction wheel and an “20Kg” 

heavy CMG), the specificities of elastomer solutions 

and their associated design approach will be exposed. In 

particularly, the management of very different 

environments (Microvibrations vs High Sine/Random 

loads) for a “no linear” elastomer solution” will be 

highlighted. And finally design recommendations will 

be share towards engineering team in charge of 

mechanisms development in order to facilitate the 

implementation of this kind of solutions even if the need 

is identified belatedly. 

INTRODUCTION 

Thanks to their low mechanical modulus and their high 

damping properties, visco-elastic materials are used to 

design various passive solutions in order to protect 

sensitive equipment from shocks and vibrations, but 

also to mitigate micro disturbances generated by on 

boarded mechanisms. In this paper, micro-vibration 

solutions using these materials will be presented. And 

with two studied cases, the main design rules to develop 

such solutions will be exposed. 

1-MICRO-VIBRATION AND PASSIVE DAMPING 

SOLUTIONS 

To address a micro-vibrations issue caused by 

mechanisms on-board satellites, 3 different ways can be 

identified:  

- The decoupling of the disturbances sources by 

implementing soft elements at their interface with the 

structure 

- The damping improvement of various structural 

elements which ensure the transfer of disturbance loads 

from sources to the payload 

- The isolating of sensitive payloads themselves by 

using soft elements as well. 

This last solution requires to justify its high geometrical 

stability for many years, what can be complex with 

particular long missions (upper than 10years). That is 

why the decoupling of disturbances sources combined 

with damping improvement of structure are finally 

useful solutions. 



1.1 Isolators 

Isolators can be defined as soft elements with low 

stiffness (K) and low damping (D) implemented at the 

interface between the disturbances sources (CMG, RW, 

Mechanisms,…) and the satellite structure. By this way, 

a “low-pass mechanical” filter is implemented in order 

to mitigate micro-vibrations for all frequencies higher 

than the “cut-off “frequency:  

 

Figure 1 : Typical “Low-Pass Filter” get with isolators 

Thanks to their low modulus, elastomer materials are 

suitable to achieve required low stiffness along any 

directions and in a restricted volume. 

1.2 Tuned mass damper 

A Tuned Mass Damper (TMD) is basically a 

mass/damped spring system. By implementing this 

device on a structure, a high damping of identified 

structural mode can be obtained thanks to the “anti-

resonance” properties of the 2 DDL system thus created. 

By knowing the mode to be damped (and also its mass 

modal and its modal deformation), Mass (M), Stiffness 

(S) and Damping (D) have to be adjusted to improve 

TMD performances. 

 

 

Figure 2 : Without (Black)  and with (Red) TMD 

dynamic responses  (MTG programme) 

1.3 Damping Constrained Layer 

Damping Constrained Layer (DLC) are used to improve 

damping of satellite structural elements, such as 

composite panels. It is based on a thin layer of soft 

damping material (elastomer) constrained by a stiffer 

plate (aluminium, composite,…) which can be directly 

applied to the surface of the panel (bonding) or 

integrated in the panel itself. When the resonance of 

structures occurs, the damping layer is constrained 

(mainly shear mode) and can dissipate kinetic energy 

into heat :  

 

Figure 3 : Dynamic response of satellite panel, Without 

(Blue) and with (Green) DCL 

The solution is mainly dedicated to damp modes with 

complex shape (order> 2) which maximizes the strain 

rate in the damping layer. 

 

 



2-MICRO-VIBRATION ISOLATORS AND 

LEARNT LESSONS 

2.1 Studied cases 

Micro-vibrations environment induced specificities in 

the development of damping solutions. To highlight 

that, two different applications are selected :  

 The decoupling of an heavy equipment (CMG, 

~20Kg) 

 The decoupling of a light equipment (RW, 

~2Kg) 

Despite their mass difference, both microvibration 

sources were decoupled with the same  SMACMount 

isolators (Ref 101672, Qty  4). The design was declined 

with soft (RW application) and hard (CMG application) 

version of elastomer to manage the different required 

stiffness :  

  

Figure 4 : SMACMount Ref 101672 (Red : CMG 

application, Green : RW application) 

2.2 Environmental conditions and material 

improvement 

Among the different environmental conditions 

(temperature, radiations, lifetime,…), the main 

parameter which can affect mitigation performances of 

isolators is the operational temperature range. For both 

studied cases, but also in general way, it can be defined 

between -20°C to +50°C and so decoupling 

performances has to be as stable as possible despite of 

this wide range. To get thermal stability requirement, 

specific damping material (SMACSIL LTS) was 

developed:  

 

Figure 5 : SMACSIL LTS, Influence of the temperature 

on dynamic elastic modulus (DMA Tests) 

Combined with its high resistance to radiations and all 

ageing phenomenon (on ground and in orbit), its use is 

recommended to design isolators with low stiffness and 

low damping. 

2.3 Modelling approach 

Mechanical properties (damping and stiffness) of 

SMACSIL LTS depends on strain rate also (PAYNE 

Effect) what is very difficult to represent in FEM. But 

this dependency is negligible for all low deformations:  

 

Figure 6 : SMACSIL LTS, Influence of the strain rate on 

dynamic elastic modulus (DMA Tests) 

That is why isolators have to be design to benefit of its 

linear domain response. It can be achieved with a 

compact solution based on thin layer of elastomer (few 

millimetres only) thanks to very small displacements 

(few microns) caused by low micro-vibrations loads. 



Finally, it becomes unnecessary to consider Payne 

Effect. About its damping,  SMACSIL LTS can be 

represented by an “hysteretic” damping. Finally, 

isolators can be represented by a simple complex 

stiffness K* defined by its elastic stiffness (K) and its 

hysteretic damping (tan δ) to get a reliable model of its 

dynamic behaviour in micro-vibrations :  

 

Figure 7 : Dynamic response of 101672 Isolator by test 

(grey) and by simulation (blue) 

2.4 Configuration 

The implementation of the 4xisolators is very different 

between CMG and RW studied cases :  

About CMG, elastic centre of isolators coincides with 

the CoG of the equipment what is the optimal 

configuration. The dynamic response is equivalent to a 

1DDL system and the mitigation performances are 

identical along all direction of the disturbances loads: 

 

Figure 8 : Isolators for CMG, micro vibration tests 

results (transfer function N/N) 

With the RW, isolators were implemented at its base, so 

distant to CoG what can be represented by a 2DDL 

system. By this way, mitigation performances are 

different following the direction loads, and they are 

limited by the 2nd mode which disturbs the “mechanical 

filter” response:  

 

Figure 9 : Isolators for RW, micro vibration tests results 

(transfer function N/N) 

Note : The RW configuration choice was only driven by 

schedule constraints caused by high level of project 

progress and limited allowed modifications. 

2.5 Preload and risks 

Isolators are soft parts with low stiffness, that is why 

various causes can induced preload of them (molding 

process, tests configuration, integration phase,…). The 

main consequence of the preload is to leave the “linear 

domain response” of the material and to get different 

performances as expected:  

 

Figure 10 : Impact of preload on dynamic response of 

isolators 

To prevent preload, design accommodations have to be 

implemented on isolator interfaces. It can be coupled 

with blocking tools needed during the assembly phases 



(tests phase or final integration phase) in order to keep 

isolators in their un-stressed state. About validation 

tests, the easiest way to avoid preload is finally to 

measure directly the complex stiffness K* of isolator 

(similar to DMA tests) rather than measuring resonant 

frequencies and their amplitude with a complete test 

configuration based on dynamoter, dummy mass, 0g 

devices,…. 

3-MICRO-VIBRATION ISOLATORS AND HIGH 

LOADS 

Before starting their operational life, isolators have to 

sustain high loads induced by launch. The management 

of launch environment can be realized by :  

- Implementing “launch-lock mechanism” (what can be 

complex and costly) 

- Implementing elastic stoppers 

- Designing isolators to be compliant also with high 

loads 

3.1 Elastic Stoppers 

CMG Isolators were completed with elastic stoppers 

(molded with high damping material) to get a “dual 

stage” system with a no-linear behaviour related to the 

dynamic displacement of the equipment:  

 In micro-vibration, the suspension is “soft” 

because only isolators are loaded 

 In high loads, the suspension is “hard” because 

elastic stoppers are loaded as well 

Due to the contact between stoppers and mobile 

equipment, deceleration peaks can be observed on time 

response what sometimes can be difficult to manage at 

system level :  

 

Figure 11 : CMG Suspension (isolators+stoppers), 

Dynamic response in qualification Sine  

3.2 Enhanced isolators for high loads 

In addition of their “micro-vibration mitigation” 

function, isolators can be also designed to sustain high 

loads. To get there, low damping material (SMACIL 

LTS) has to be replaced by high damping material 

(SMACSIL VHD) but which presents inevitably a 

higher temperature dependency.  

 

Figure 12 : Influence of temperature on dynamic elastic 

modulus, SMACSIL LTS, (green) & SMACSIL VHD, 

(orange) 

In this case; the operational temperature range becomes 

a major input to design the solution, and it has to be 

defined with limited margin, like the input mechanical 

loads. That is why the presence of authority prime 

becomes essential to define precisely applicable input. 

In addition to damping material considerations, volume 



of isolators will be increased to sustain high 

displacements induced by qualification loads. 

CONCLUSIONS 

These CMG and RW studied cases confirmed that 

decoupling of disturbances sources with passive 

isolators is efficient to mitigate micro-vibrations., 

particularly if “1DDL” configuration can be adapted in 

the allocated volume, with respect to schedule 

constraints. Finally the main challenge is to manage the 

launch loads because of no-linearity of the damping 

material when it is exposed to “high strain”. : It requires 

a little more place to implement a larger solution. 

Consequently, a new damping material family was 

created with limited no-linearity effects and still 

compliant with space environmental constraints 

(outgassing, ageing, radiatons,…)  : The SMACTANE 

SP-NG. 
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