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ABSTRACT 

This paper presents the experimental validation of a 

novel semi-active hexapod platform engineered for high-

performance micro-vibration isolation in spacecraft. The 

system employs six 2-collinear-DOF isolation struts, 

each utilising compliant joints and negative-resistance 

electromagnetic shunt dampers. The study focuses on the 

hexapod's effectiveness in mitigating broadband micro-

vibrations and disturbances critical to high-precision 

space instrumentation. Comprehensive micro-vibration 

tests were conducted on individual struts and the fully 

assembled hexapod, evaluating its response to controlled 

micro-vibration loads. Additionally, the deployment and 

mechanical environment de-risking of a single bipod 

were carried out to verify its hold-down release 

functionality and resilience under launch conditions. 

 

1 INTRODUCTION 

New space and Earth science missions are placing greater 

demands on optical payloads, which now carry some of 

the most sensitive instruments ever developed. These 

instruments are highly susceptible to even the smallest 

vibrations, which can compromise their performance. As 

the need for greater pointing accuracy and tighter control 

over Line-of-Sight (LOS) jitter grows, reducing and 

managing micro-vibrations has become a key challenge 

for engineers and mission designers alike [1]. Spacecraft 

micro-vibrations refer to low-amplitude mechanical 

vibrations caused by disturbances from equipment 

onboard the spacecraft, which are then amplified by the 

structure of the spacecraft. Micro-vibration disturbances 

usually range from micro-g (μg) to milli-g (mg) and 

typically occur at frequencies ranging from 0.01 Hz to 

1000 Hz [2]. Micro-vibrations are generated by 

mechanisms/mechanical devices on-board the spacecraft. 

These disturbance-generating devices typically include 

reaction wheels (RW), control moment gyroscopes 

(CMG), antenna pointing mechanisms (APM), and solar 

array drive mechanisms (SADM). Other sources include 

cryocoolers and cryopumps, as well as instrument-

internal mechanisms such as scanning mirrors, steering 

mirrors, and filter wheel mechanisms. 

There are several ways to reduce micro-vibrations in 

spacecraft, each targeting different parts of the 

disturbance path. One approach is to reduce the noise at 

the source by optimising for low-noise mechanism 

design. Another is to mechanically decouple these 

disturbance-generating devices from the rest of the 

spacecraft to limit transmission of disturbances. Sensitive 

instruments can also be isolated and vibration 

transmission can be reduced by improving the damping 

characteristics of the spacecraft structure. Of these 

methods, isolating the source or the payload, commonly 

referred to as micro-vibration isolation, has proven to be 

one of the most effective techniques for protecting 

sensitive systems from unwanted disturbances. 

Viscoelastic isolator mounts are passive isolation devices 

that are widely used in the space industry due to their 

simplicity, low cost, and lightweight design [3]. 

Nonetheless, their performance is limited by a significant 

dependence on operating temperature and frequency, as 

well as the need to be custom-designed and tuned for 

each mission, making them less adaptable to varying 

mission architectures. 

On the other hand, active hexapod platforms, a type of 

parallel manipulator, have been developed to provide 

both precise positioning and effective vibration isolation. 

The most well-known example is the Stewart platform, 

which uses six variable-length prismatic actuators 

arranged in a cubic configuration [4]. These actuators 

connect a stationary base to a movable top platform 

through a combination of spherical and universal joints. 

Owing to this kinematic configuration, the top platform 

can move with six degrees of freedom (DOF), allowing 

for highly accurate control over its position and 

orientation. In recent years, several advanced hexapod 

platforms have been developed and tested for space 

applications. Examples include the Vibration Isolation 

and Suppression System (VISS) and the Satellite 

Ultraquiet Isolation Technology Experiment (SUITE). 

VISS consists of six passive viscous damper D-struts 



 

augmented by a voice coil based active system [5]. In 

contrast, SUITE employs six active struts with embedded 

piezoelectric actuators to provide precise vibration 

isolation [6]. Despite their potential, active hexapod 

platforms are rarely used in spacecraft due to a number 

of ongoing challenges. These include dynamic 

complexity, increased mass, reliance on complex control 

algorithms and sensor systems, and relatively high power 

consumption [7]. The combination of these factors, 

combined with the limited improvement in isolation 

performance, has severely restricted the use of active 

hexapod platforms for high-precision space missions. 

Between 2018 and 2024, SSC, SSTL, and CSEM 

collaborated on developing a high-performance semi-

active micro-vibration isolation system for spacecraft. 

The goal was to overcome the limitations of traditional 

passive and fully active systems by developing a solution 

that is simple, lightweight, energy-efficient, and 

adaptable to a variety of mission requirements. The 

resulting semi-active hexapod platform combines several 

advanced technologies and research findings. These 

include electromagnetic shunt dampers (EMSD) 

enhanced with a negative resistance circuit for resistance-

to-inductance ratio tuning, novel compliant joints, and 

newly defined hexapod boundary conditions [8-11]. 

This paper presents the experimental validation of the 

semi-active hexapod platform's second partial 

breadboard (PBB) and full breadboard (FBB) models. 

The paper begins with a review of the platform's design, 

followed by discussion of the deployment and 

mechanical EVT testing of an individual bipod. It then 

examines the micro-vibration test campaigns conducted 

on both individual struts and the full hexapod assembly. 

The results are analysed and the performance is 

compared to that of the first FBB model developed earlier 

in the project. This research represents a significant 

advancement in the ongoing effort to develop practical 

micro-vibration isolation technologies for space 

applications. The proposed solution has the potential to 

significantly improve the stability and performance of 

high-precision instruments, making a significant 

contribution to the advancement of micro-vibration 

isolation in the space sector. 

 

2 SEMI-ACTIVE ISOLATION SYSTEM 

Fig. 1 shows the second full breadboard (FBB2) of the 

semi-active hexapod platform for isolating micro-

vibrations in spacecraft. The platform features six 2-

collinear-DOF isolation struts arranged in a conical 

configuration. These struts are further equipped with 

embedded EMSDs enhanced by negative resistance 

circuits. The lower stages of the struts are secured to the 

fixed base platform, while the upper stages are connected 

to a mobile top platform through planar-universal joints. 

The kinematic configuration of the struts and joints 

enables the top platform to move freely in all six rigid-

body degrees of freedom. What distinguishes the semi-

active hexapod is its fully compliant joint architecture. 

To achieve the struts' 2-collinear-DOFs, the design uses 

compliant prismatic joints, while the struts are connected 

to the movable top platform via flexible planar-universal 

joints. The hexapod's compliant mechanisms and 

deliberate kinematics allow it to function as a low-pass 

mechanical filter across all six degrees of freedom. As a 

result, it can effectively isolate disturbances, both forces 

and moments, in all three spatial directions. The hexapod 

is designed to operate in two distinct modes. In the first, 

it isolates disturbances originating from a noise source 

mounted on the movable platform, reducing the 

transmission of forces and torques to the fixed base. In 

the second mode, it acts to isolate the movable platform, 

typically carrying a sensitive instrument, from 

disturbances coming from the base, thereby minimising 

the impact of external vibrations on the instrument. The 

FBB2 model was configured for the first mode, with the 

noise source consisting of a cluster of four SSTL 

SSW200 reaction wheels arranged in a tetrahedral 

configuration. To simulate this configuration, the FBB2 

used dummy wheels that accurately replicated the size, 

mass, and inertia properties of the reaction wheels. 

Although FBB2 was configured for the first isolation 

mode, it is important to highlight that the hexapod design 

is inherently versatile and can be used in either isolation 

mode without requiring any modifications to its design.  

 

 
Figure 1. Second full breadboard (FBB2) model of the 

semi-active hexapod platform for micro-vibration 

isolation (Adapted from [11]) 

Fig. 2 depicts a visual overview of a Computer-Aided 

Design (CAD) model and a section cut of the 2-collinear-

DOF strut with planar-universal joints.  The strut is made 

up of two stages, lower and upper, each supported by a 

compliant prismatic joint that is implemented using pairs 

of separated CuBe flexure membrane assemblies.  Both 

stages include an EMSD, which consists of an aluminium 

wire coil coaxially aligned with two N52 Neodymium 

permanent magnets separated by an iron yoke.  To 

improve damping performance, each EMSD is shunted 

with a circuit that simulates negative resistance and 

inductance.  For more information on the design of the 

struts and hexapod, the reader is directed to [11].  



 

 
Figure 2. CAD model and section cut view of the 2-

collinear-DOF strut with planar-universal joints 

(Adapted from [11]) 

Fig. 3 illustrates the compliant planar-universal joints 

developed by CSEM. The planar joint provides 

translation along the joint’s local x and y axes, as well as 

rotation about the z-axis, enabled by the flexing of 

titanium flex legs. The universal joint, also known as the 

flex gimbal, allows rotation around the local x and y axes 

through the bending of thin flexure blades. A key feature 

of the planar joint's design is its ability to be mechanically 

locked during launch and released once in orbit for 

normal operation.  

 

 
Figure 3. Compliant mechanism developed by CSEM 

consisting of a flex gimbal (universal joint) on top of a 

planar joint (Reproduced from [11]) 

3 BIPOD DEPLOYMENT TEST CAMPAIGN 

In its operational configuration, the hexapod platform is 

too flexible to withstand the harsh mechanical loads 

experienced during launch, making a hold-down function 

essential. To secure the entire system during launch, a 

hold-down and release mechanism (HDRM) is integrated 

at each bipod, for a total of three HDRMs. Each HDRM 

interfaces with the base platform and the bipod connector 

linking the bipod's two legs, as shown in Fig. 4. Each 

isolation strut is also equipped with two titanium snubber 

springs that lock its axial degrees of freedom. The 

HDRMs apply the necessary preload to engage both the 

snubber springs and the locking features of the planar 

joints, and they act as the primary load path for the 

system throughout launch. Once in orbit, the HDRMs are 

activated to release the hexapod into its operational state. 

Note that the HDRM design is still under development. 

 

 
Figure 4. CAD model of the proposed bipod HDRM 

concept (note that the featured strut is an earlier 

iteration of the design) 

A test campaign was carried out to validate the locking 

and deployment functionality of a single bipod. The 

objectives of this campaign were to demonstrate the 

bipod’s ability to lock and deploy reliably and repeatedly, 

confirm the survivability of the joint flexures following 

deployment, verify the effectiveness of the snubber 

springs and the locking feature of the planar joint, and 

ensure the proper functioning of the end-stops integrated 

near the interface between the strut and the planar joint.  

Fig. 5 shows the test setup used for the deployment tests. 

In this setup, the bipod is positioned horizontally and 

supported by a mechanical rig. The rig includes a pulley 

and weight system that applies the required holding force 

at the base of the bipod connector. Linear bearing guides 

are positioned at the top of the bipod connector, allowing 

it to move freely with three translational degrees of 

freedom when the bipod is released. To measure the 

motion of the bipod connector during the tests, a laser 

sensor and a tri-axial accelerometer are employed. It 

should be noted that the struts used in this test campaign 

were from an earlier design iteration (PBB2) compared 

to those incorporated into the FBB2 hexapod. 

 

 
Figure 5. Bipod deployment test setup 

Three deployment tests were carried out, with a visual 

inspection conducted after each test before re-locking the 

system. Each test confirmed nominal locking and 

deployment functionality, with no visible damage 

observed on the struts, including the joint flexures, 

snubber springs, or end-stops. Measurements from the 

laser sensor showed that the bipod connector 

            
         

            

      

          
         
      

     

     



 

displacement exhibited a clean single-degree-of-freedom 

damped oscillation, and the final position repeatability 

was recorded at 60 μm.  

 

4 BIPOD MECHANICAL EVT CAMPAIGN 

To assess the durability and structural integrity of the 

bipod under conditions representative of launch, a series 

of vibration and shock tests were performed with the 

bipod in its locked state.  

Fig. 6 shows the mechanical ground support equipment 

(MGSE) used to lock the PBB2 bipod, along with the 

accelerometers deployed for shaker control and response 

measurements. Control accelerometers were mounted at 

the base of each strut and at the top of the bipod 

connector, with an averaging control strategy 

implemented during testing. Additional accelerometers 

were placed on the housing of each strut and on both the 

base and mobile sections of each planar joint to monitor 

and characterise the vibration modes of the locked bipod. 

For the shock tests, the control accelerometers were 

replaced with higher sensitivity shock accelerometers to 

accurately capture the transient response. 

 

 
Figure 6. PBB2 bipod MGSE and accelerometers 

Vibration and shock tests were carried out individually 

along each of the three bipod axes. The vibration test 

campaign followed a structured sequence, starting with a 

–9 dB random vibration test, followed by a 20g quasi-

static sine test, then a –3 dB random vibration test, and 

concluding with a 0 dB random vibration test, as detailed 

in Tab. 1. A low-level 0.5g sine resonance search was 

conducted before and after each test to monitor any 

changes in the structural dynamics. Fig. 7 depicts the 

vibration test setup during y-axis excitation.  

 

Table 1. Zero dB random vibration test specifications 

Frequency (Hz) PSD (x & y) 

(g2/Hz) 

PSD (z)  

(g2/Hz) 

20 0.014207 0.034085 

100 0.070652 0.169565 

300 0.070652 0.169565 

2000 0.003024 0.007255 

grms 6.36 9.85 

 

 
Figure 7. PBB2 bipod y-axis vibration test setup 

In contrast, the shock test campaign followed a sequence 

consisting of three half-level tests, followed by a full-

level test, and concluding with a fourth half-level test. 

The shock test specifications are provided in Tab. 2. 

 

Table 2. Shock test specifications 

Frequency 

(Hz) 

Level g SRS 

0 dB Tolerance on 

0 dB 

Half level 

100 20 

±6 dB 

10 

1200 1000 500 

10000 1000 500 

 

The bipod successfully withstood the mechanical EVT 

campaign without any visible damage and exhibited 

acceptable shifts in its resonant frequencies. Following 

the EVT tests, micro-vibration testing was carried out on 

PBB2 Strut 2 to confirm its isolation functionality, as 

illustrated in Fig. 8. However, these tests were conducted 

without EMSD damping because the EMSD coil wires 

had been damaged prior to the EVT campaign. The 

undamped Fz transfer functions recorded before and after 

EVT showed qualitatively similar behaviour, although 

there was a noticeable shift of the axial modes to lower 

frequencies. This shift is attributed to the additional mass 

of the gimbal, which had not been attached during the 

pre-EVT micro-vibration tests. The noise observed 

between 100 to 300 Hz is attributed to the test setup itself 

and not to any damage resulting from the EVT campaign.  

 

 
Figure 8. Comparison between pre- and post-EVT 

PBB2 Strut 2 vertical TFs (No EMSD damping) 



 

5 STRUT TEST CAMPAIGN 

Before assembling and testing the complete hexapod, 

each of the six struts was individually tested to 

characterise its response to micro-vibration loads. Fig. 9 

illustrates the test setup used for this purpose. The setup 

features a suspended mini-shaker that applies a 

controlled dynamic load to the strut, while a Kistler 

dynamometric table measures the resulting reaction 

forces at the strut’s base. The dynamometric table is 

mounted on a granite block, which is itself supported by 

pneumatic isolators to minimise interference from 

background noise. An impedance head is installed at the 

shaker’s attachment point to the strut to capture both 

acceleration and input force. The setup also includes a 

gravity offloading system that counteracts the weight of 

the strut’s magnet stack and upper stage. 

 

 
Figure 9. Micro-vibration test setup for testing an 

individual strut. Excitation in (left) x-axis, (middle) y-

axis, and (right) z-axis 

The strut configuration used for testing included both the 

planar and gimbal joints. To ensure stability during 

vertical excitation, horizontal pins were inserted to limit 

the rotation of the gimbal joint. For characterising the 

strut’s vertical transfer function (TF), the mini-shaker 

was attached to the upper stage of the pinned gimbal joint 

and aligned vertically along the z-axis. To assess the 

strut’s secondary bending modes, the mini-shaker was 

instead connected to the base of the planar joint and 

aligned along the horizontal x and y axes. 

The micro-vibration response of the struts was evaluated 

using sine sweep tests. These tests were performed at the 

medium excitation level, as specified in Tab. 3, with a 

logarithmic sweep rate of one octave per minute. The 

time-series data from each measurement channel was 

processed using sine reduction to extract both the 

harmonic response and the frequency response function 

(FRF). For a comprehensive description of the strut test 

setup and procedure, the reader is referred to [11].  

 

Table 3. Strut micro-vibration test specification  

Frequency 

(Hz) 

Low level (N) Medium 

level (N) 

High level 

(N) 

1 0.005 0.015 0.03 

10 0.005 0.015 0.03 

100 1 3 6 

700 1 3 6 

 

Fig. 10 presents the vertical TFs of all six struts, 

measured without EMSD damping. Each TF shows two 

distinct axial modes, followed by a consistent roll-off 

slope of approximately –80 dB per decade, indicating 

uniform behaviour across the set. The first axial mode 

appears between 7.6 and 8 Hz, while the second occurs 

between 24.4 and 25.3 Hz. Within the 100–400 Hz range, 

the TF levels out between –60 and –80 dB, reaching the 

measurement system’s noise floor. Beyond this range, 

amplification is observed due to the excitation of local 

bending modes within the struts. 

The first of these bending modes takes place between 

502.9 Hz and 519.6 Hz, with excellent consistency across 

all six struts. However, the excitation of these local 

bending modes poses a significant limitation because it 

reduces the struts' ability to attenuate higher-frequency 

disturbances. As a result, raising the frequency at which 

these bending modes occur has been a central objective 

in the strut’s design. For optimal performance, the onset 

of amplification caused by the first bending mode should 

remain above 500 Hz, ensuring effective disturbance 

attenuation throughout the critical 100–500 Hz frequency 

range. 

 

 
Figure 10. Comparison of the Fz TF between all six 

struts (No EMSD damping) 

While the struts' vertical TFs are generally consistent, 

testing revealed a few anomalies. Notably, Strut 6 had a 

distinct response, with a more pronounced drop in 

amplitude at resonance and a noise floor that remained 

above -60 dB until about 200 Hz, whereas the other struts 

reached the noise floor around 100 Hz. The cause of this 

deviation is not entirely clear.  However, during testing, 

the only noticeable difference in Strut 6 was an instability 

in the resistance of its lower EMSD coil, indicating 

possible coil damage. 

Additional irregularities were discovered in the 

background noise of Struts 2, 3, 5, and 6, where irregular 

peaks appeared in the noise floor. In contrast, Struts 1 and 

4 exhibited no such abnormalities. One possible 

explanation is that background noise sources may have 

been present during the testing of some struts but not 

others. Variability in the gimbal joint constraints may 



 

have also played a role. Although horizontal pins were 

used to block the gimbal during testing, some pins had a 

looser fit, allowing for minor residual motion. This could 

have resulted in low-amplitude local modes or 

mechanical chattering, causing the observed spikes in the 

transfer function noise floor for specific struts. 

Fig. 11 compares the EMSD-damped vertical TFs for all 

six struts. Overall, the axial behaviour is remarkably 

consistent. The first axial mode appears between 14.4 Hz 

and 14.7 Hz, and the second between 45.2 Hz and 45.7 

Hz. The roll-off that follows each mode is also uniform, 

with all six curves tracking one another closely. 

 

 
Figure 11. Comparison of the Fz TF between all six 

struts (EMSD damping) 

Small differences in the peak amplitudes of the axial 

modes are evident, but most can be traced to minor 

variations in EMSD coil resistance, between 12.3 Ω and 

12.5 Ω, which have only a modest effect on damping. 

Strut 6 is the outlier: both of its axial peaks are noticeably 

lower than those of the other struts. During testing, its 

lower EMSD coil showed unstable, fluctuating 

resistance, suggesting a coil fault. This irregular 

resistance likely adjusted the damper’s tuning, causing 

the different axial-mode magnitudes observed for Strut 6. 

Furthermore, the bending modes of all six struts remain 

unchanged as the EMSD damping has negligible 

influence on the bending modes. The noise floor 

behaviour is uniform among the six struts, except for 

Struts 1 and 2, which exhibit an anomalous "hump" 

between 100 and 200 Hz. The cause of this anomaly 

remains unclear.  

Fig. 12 presents the FRFs for the x-axis tests conducted 

on Strut 4. A distinct resonance is observed at 483 Hz. A 

qualitatively similar FRF was measured during the y-axis 

tests, with a first resonance at 487 Hz. These peaks 

correspond to the first pair of  orthogonal local bending 

modes of the strut. For comparison, the resonance 

identified in the z-axis test occurs at 504 Hz, indicating a 

slightly higher frequency. Finite element modelling 

(FEM) of the strut across these test configurations 

confirms that the observed change in bending mode 

frequencies is primarily due to the additional mass of the 

impedance head mounted at the base of the planar joint. 

The minor frequency offset between the x-axis and y-axis 

modes is attributed to a slightly greater participating mass 

from the gimbal assembly during the x-axis bending 

mode, which results in a marginally lower resonant 

frequency. 

 

 
Figure 12. Strut 4 Fx FRF showing a first bending mode 

at 483 Hz 

6 HEXAPOD TEST CAMPAIGN 

Fig. 13 depicts the hexapod test facility at Surrey Space 

Centre (SSC), which was used for the FBB2 micro-

vibration test campaign.  

 

 
Figure 13. Hexapod test facility: (1) hexapod, (2) 

granite table, (3) pneumatic isolator support, (4) load 

cells, (5) charge amplifiers & DAQ, (6) vibration 

controller & power amplifier, (7) SO Analyzer PC, (8) 

vibration controller PC, (9) mini-shaker & support 

structure, (10) off-loading latex tubing, and (11) power 

supplies 

The setup includes a suspended mini-shaker that applies 

controlled dynamic loads to the hexapod’s top platform. 

Three Kistler tri-axial piezoelectric force sensors are 

positioned at the base to measure the resulting reaction 

forces. Using the measured forces and the known sensor 

positions, reaction moments are calculated. The force 



 

sensors are mounted on a granite table measuring 1 m x 

1 m x 0.5 m, which is supported by four pneumatic 

isolator legs to minimise background vibrations. 

Additionally, an impedance head is attached at the 

interface between the shaker and the hexapod’s top 

platform to record both the input force and acceleration. 

To simulate microgravity conditions during testing, both 

the reaction wheel assembly (RWA) and the magnet 

stacks and upper stages of all hexapod struts need to be 

offloaded. This is achieved in two steps. First, a direct 

current is applied to the lower EMSD coil of each strut, 

generating a constant magnetic field that suspends the 

magnet stack to its required height. Second, latex tubing 

is connected to three lifting eyes on the RWA and 

tensioned using a crane to support its weight, along with 

the upper stages of the struts. The appropriate direct 

current levels for the EMSD coils and the tension in the 

latex tubing were determined by visually inspecting the 

flexures in the hexapod’s joints to ensure they were in 

their nominal position. 

The three force main diagonal transfer functions, TF11, 

TF22, and TF33, were measured by applying excitations 

to the top platform along the x, y, and z axes, 

respectively, using a mini-shaker. Careful alignment 

ensured that the force excitation was directed through the 

platform’s centre of mass to minimise unintended 

moments. Two of the moment main diagonal transfer 

functions, TF44 and TF55, were measured by using pairs 

of mini-shakers mounted equidistantly and vertically 

aligned on the top platform. These shakers operated 180° 

out of phase to generate pure rotational excitation about 

the x and y axes, respectively. Due to setup limitations, it 

was not possible to attach mini-shakers in a configuration 

capable of inputting a moment about the z-axis, and 

therefore TF66 was not characterised.  

The micro-vibration response of the hexapod was 

characterised using sine sweep tests. These tests were 

carried out at the high excitation level, as detailed in Tab. 

4, with a logarithmic sweep rate of one octave per minute. 

This test specification was chosen to improve the noise 

performance of the resulting FRFs. 

 

Table 4. Hexapod micro-vibration test specification 

Frequency 

(Hz) 

Low level  

(N) 

Medium 

level (N) 

High level 

(N) 

1 0.005 0.015 0.03 

5 0.005 0.015 0.03 

30 1 3 6 

700 1 3 6 

 

Fig. 14 presents the experimental transfer functions of the 

FBB2 hexapod with EMSD damping activated, alongside 

TF66, which was computed using a multibody dynamics 

model. Each transfer function displays the expected 

qualitative behaviour, featuring two well-damped axial 

modes followed by a roll-off slope of –80 dB per decade. 

In the frequency range between 60 Hz and 260 Hz, the 

hexapod demonstrates impressive attenuation levels, 

achieving attenuation between –50 dB and –70 dB. 

However, at higher frequencies, the attenuation 

performance decreases due to the excitation of local 

bending modes in the struts. These modes appear at 

around 420 Hz, which is notably lower than the bending 

mode frequencies measured for the individual struts, 

where they occurred above 500 Hz. 

 

 
Figure 14. Experimental transfer functions for the 

hexapod with EMSD damping activated. Note that TF66 

is from a multibody dynamics model of the hexapod 

A correlation analysis performed using a FEM of the 

hexapod revealed that the reduction in bending mode 

frequencies can be attributed to the use of the 45° 

aluminium brackets that connect the struts to the base 

platform. The FEM analysis indicated that replacing 

these brackets with sufficiently stiff alternatives would 

elevate the hexapod’s bending modes to match those of 

the individual struts. Based on this finding, it is 

hypothesised that the frequency range in which 

attenuation exceeds –50 dB could be extended beyond 

300 Hz by implementing appropriately stiff 45° brackets 

in the hexapod design. 

Fig. 15 compares the experimental transfer functions of 

the FBB2 hexapod with those predicted by the multibody 

dynamics model. In the simulation, the lateral stiffness of 

the flexure assembly membranes was set to 4 MN/m, 

matching the experimentally derived value. 

 

 
Figure 15. Comparison between the experimental 

hexapod transfer functions and those computed using a 

multibody dynamics model 



 

Considering the two axial modes and the roll-off slopes, 

the comparison shows reasonably good agreement 

between the experimental transfer functions and those 

predicted by the model. However, beyond the initial anti-

resonance, three notable differences become apparent. 

First, the model predicts better attenuation performance 

within the attenuation “well” formed by the roll-off 

slope, anti-resonances, and bending mode amplification. 

This discrepancy is partly due to the noise floor of the 

experimental setup, which limits the measurement of 

attenuation below –70 dB, and partly due to the bending 

modes occurring at lower frequencies in the experimental 

tests compared to the model predictions. Secondly, the 

bending modes appear at higher frequencies in the model 

compared to the experiments. While the experimental 

results show bending modes emerging above 420 Hz, the 

model predicts them at frequencies exceeding 615 Hz. 

Thirdly, for the moment transfer functions, the 

qualitative shape of the bending modes in the model 

differs noticeably from the experimental observations. 

These three discrepancies all relate to the dynamic 

behaviour of the bending modes. It is therefore 

hypothesised that the limited correlation seen beyond the 

initial anti-resonance primarily stems from a key 

limitation of the current model: its representation of the 

strut and hexapod components as rigid bodies. 

Incorporating the compliant behaviour of these 

components into the model is expected to improve its 

correlation with experimental results. 

 

7 PERFORMANCE VERIFICATION 

Tabs. 5 and 6 summarise the performance of FBB1 and 

FBB2, respectively, showing the maximum amplification 

and attenuation achieved at specified frequencies for the 

six primary diagonal transfer functions. For the Mz 

transfer function (TF66), the values were obtained using 

the multibody dynamics model.  

 

Table 5. FBB1 performance requirements analysis 

 Fz 

(dB) 

Fx 

(dB) 

Fy 

(dB) 

Mx 

(dB) 

My 

(dB) 

Mz 

(dB) 

Max 8 dB 5.7 12.8 10.4 6.4 3.0 6.2 

-20 dB @ 

20 Hz 
-29.8 -31.3 -31.2 -21.2 -22.0 -16.1 

-50 dB @ 

100 Hz 
-58.5 -59.3 -61.0 -56.9 -54.7 -56.9 

-70 dB @ 

200 Hz 
-20.1 -26.9 -21.5 -5.2 -12.8 -13.9 

-50 dB @ 

250 Hz 
-29.2 -31.4 -37.4 -35.7 -36.8 -26.2 

-50 dB @ 

500 Hz 
-7.4 -27.2 -5.6 20.0 19.2 -7.5 

 

A comparison between the performance of the FBB2 and 

FBB1 hexapod models shows clear improvements in 

attenuation across all six primary diagonal transfer 

functions. The maximum amplification for TF11 and 

TF22 has been reduced to below 8 dB, with all other 

transfer functions also remaining under this threshold, 

except for TF66, which is slightly above 8 dB. 

Additionally, the FBB2 hexapod achieves attenuation 

levels of –50 dB or better up to approximately 260 Hz, a 

substantial improvement compared to the FBB1 

hexapod, which reached this level only up to around 100 

Hz.  

 

Table 6. FBB2 performance requirements analysis 

 Fz 

(dB) 

Fx 

(dB) 

Fy 

(dB) 

Mx 

(dB) 

My 

(dB) 

Mz 

(dB) 

Max 8 dB 7.4 6.7 5.7 6.3 7.7 8.5 

-20 dB @ 

20 Hz 
-23.5 -30.5 -29.4 -21.3 -19.2 -16.4 

-50 dB @ 

100 Hz 
-75.6 -67.7 -64.4 -58.7 -64.3 -66.0 

-70 dB @ 

200 Hz 
-59.2 -64.2 -69.3 -69.3 -63.8 -61.7 

-50 dB @ 

250 Hz 
-50.8 -58.9 -54.1 -49.7 -47.0 -64.9 

-50 dB @ 

500 Hz 
-12.0 0.7 5.6 -3.4 0.6 -19.9 

 

The one requirement that the six primary transfer 

functions do not meet is achieving –50 dB attenuation 

within the 250 to 500 Hz frequency range. This limitation 

is primarily due to the excitation of the struts’ bending 

modes. As a result, further research is needed to raise the 

frequencies of these bending modes sufficiently to extend 

effective attenuation into this higher frequency range. It 

is worth noting, however, that the bending modes in the 

FBB2 hexapod begin at around 420 Hz, compared to 

approximately 190 Hz in the FBB1 hexapod, 

representing a substantial improvement in performance. 

 

8 CONCLUSIONS 

This study presents the development and experimental 

validation of a high-performance semi-active hexapod 

platform designed for micro-vibration isolation in 

spacecraft. The current iteration of the hexapod was 

described, showcasing its innovative use of compliant 

mechanisms, negative-resistance EMSDs, and a unique 

kinematic configuration to achieve effective semi-active 

isolation. Results from deployment and mechanical EVT 

test campaigns conducted on a single bipod demonstrated 

reliable deployment functionality and launch 

survivability.  

Experimental testing at both the strut and hexapod levels 

confirmed that the system performs as expected. Notably, 

the newly developed FBB exhibited significantly 

improved attenuation performance compared to its earlier 

version. However, a key limitation remains in the form 

of insufficient high-frequency attenuation due to the 

excitation of local bending modes in the struts.  



 

Future work will focus on optimising the design to shift 

the bending modes to even higher frequencies, thereby 

improving attenuation performance across the 100 to 

>500 Hz range. In addition, upcoming efforts will include 

the development of the HDRM, followed by deployment 

and EVT testing of the FBB2 hexapod equipped with 

HDRMs. Further enhancements will also involve 

augmenting the EMSDs with passive thermal 

compensation to maintain consistent damping 

performance across the operational temperature range. 

Overall, this research represents a substantial 

advancement in the pursuit of effective micro-vibration 

isolation technologies for spacecraft. The innovative 

design approach demonstrated here shows strong 

potential to enhance the stability and performance of 

sensitive onboard instruments, supporting their operation 

in the challenging and dynamic environment of space 

missions. 
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