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ABSTRACT 

A mirror positioning mechanism with a tripod 

architecture based on flexures produced by Additive 

Manufacturing (AM) has been developed in the frame of 

H2020 PULSAR (Prototype for an Ultra-Large Structure 

Assembly Robot) project. The purpose of this mechanism 

is to compensate for misalignment between mirror tiles 

that can arise from the autonomous robotic assembly 

process of a segmented mirror space-based telescope. 

Corrections of the mirror position are made along three 

DOFs: the piston translation and tip-tilt rotations. The 

following performances are targeted: piston stroke of 

±3 mm with 1 µm of resolution and a repeatability better 

than 5 µm, tip-tilt angular strokes of ±1° with 4 µrad of 

resolution and a repeatability better than 20 µrad. Each of 

the mechanism pods is composed of an actuated linear 

guide on which are mounted compliant pivots and 

gimbals. It is the very first functional mechanism 

developed at CSEM integrating SLM printed flexures as 

system interfaced components. 

1. INTRODUCTION 

The PULSAR project has developed and demonstrated 

technologies necessary for the on-orbit precise assembly 

of a large primary, segmented mirror by an autonomous 

robotic system [1]. The PULSAR project created three 

demonstrators for the concept of using robots for space 

exploitation, in particular for space telescopes. This EU-

funded project is part of PERASPERA or Plan European 

Roadmap and Activities for Space Exploitation of 

Robotics and Autonomy. It is the first step taken by the 

Scientific Research Cluster for Space Robotics 

Technologies towards the development of space 

technology bricks. 

The mirror positioning mechanism presented in this 

paper is part of the demonstrator of precise assembly of 

mirror tiles (dPAMT). This demonstrator validates the 

capabilities to autonomously assemble several Single 

Mirror Tiles (SMTs) following specifications from a 

Master Plan. HOTDOCK standard interfaces are used 

both at the end point of the robotic arm and at the mirror 

tiles, to facilitate the retrieval and repositioning of the 

SMTs. More details on these interfaces are provided in 

[2].  

 

A total of six single mirror tiles have been produced and 

assembled for the sake of the dPAMT demonstrator 

(Fig. 1). Two of the six tiles accommodate a mirror 

positioning mechanism to demonstrate the correction of 

the inaccuracies generated by the autonomous robotic 

assembly. 

 

Figure 1. Photography of the tile assembly in the frame 

of the dPAMT demonstrator in PULSAR 

This paper presents in detail the design of the tripod and 

more specifically the design, production and integration 

of the metallic AM-based pivots and gimbals. The 

positioning performances of two prototypes of 

segmented mirror tiles are also presented along with key 

lessons learnt during the tripod development and AM-

based component integration. 

2. DESIGN OF THE MIRROR POSITIONING 

MECHANISM 

2.1. System main specifications 

The objective of the developed mechanism is to 

compensate positioning errors introduced by the robotic 

autonomous assembly in space. Thus, the desired 

mechanism shall allow for controlling the mirror position 

along three degrees of freedom: piston translation and tip 

and tilt rotations. The piston stroke shall be ±3 mm with 

a resolution of 1 µm and a repeatability better than 5 µm 

while the tip/tilt strokes shall be ±1° with 4 µrad of 

resolution and 20 µrad of repeatability. 

The tile shape shall be hexagonal with a flat-to-flat width 

below 400 mm including connectors and the mass of the 

tile shall be below 11 kg including connectors. The 

architecture selected to meet this specification is a tripod 

compliant structure. 
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2.2. Kinematic study of the tile concept 

The SMT positioning mechanism is based on the 

kinematic shown on Fig. 2 (left). Three arms are each 

composed of a linear guide, mounted radially, on which 

is mounted a single axis flexure pivot. The latter is linked 

to a 3-rotation axes gimbal. Finally, the mobile platform 

is connected to the three gimbals.  

 
Figure 2. Kinematic schema of the SMT (left) and 

unfolded kinematic schema of the SMT (right) 

 

To calculate the kinematic values of the structure 

(external degrees of freedom, internal degrees of freedom 

and over constraints), “unfolding” of the structure is done 

to obtain the schema given on the Fig. 2 (right). The 

analysis of the kinematic of the SMT positioning 

mechanism indicates that there are neither internal 

degrees of freedom nor over constraints. The structure is 

totally isostatic, which is an asset towards high precision 

performances.  

2.3. Tripod geometrical configuration 

The architecture of the SMT positioning mechanism has 

been designed through an optimization process, where 

the geometrical dimensions are determined. These 

dimensions are in mm and are shown on Fig. 3: 

• �� is the radius of the mechanism base from the 

central axis to the position of the pivot axis.  

• �� is the radius of the mechanism top plate, from the 

mirror center position to the center of the gimbal.  

• � is the length between the axis of the pivot to the 

center of the gimbal.  

• α is the inclination of the arm (rod between the axis 

of the pivot to the centre of the gimbal) from the 

vertical direction.  

• φ is the horizontal angle between the three 

mechanism axes. 

 
Figure 3. Main geometrical dimensions of the SMT 

positioning mechanism 

2.4. Tripod geometrical model 

The calculation of the Direct and Inverse Geometrical 

Models (DGM and IGM) gives mathematical relations 

between the inputs (motors positions: ��, ��, �	) and 

outputs (tip tilt angles 
� ,� and piston position  of the 

mobile platform). The reference axes and input/output 

coordinate system definition are given in Fig. 4. 

 

 
Figure 4. Positioning mechanism input and output 

reference frames and coordinate system definition 

 

The DGM computes the outputs 
�, 
� and  from the 

motor displacements ��, �� and �	 and from the 

geometrical parameters. The initial pivot center positions 

are respectively for each axis: 

 

 ��� � ��� , 0,0�� (1) 

 ��� � ��� cos ��3� , �� sin ��3� , 0�� (2) 

 ��	 � ��� cos  2�3 " , �� sin  2�3 " , 0�� (3) 

 

The initial gimbal center positions are: 

 

 �� � ��� , 0, �#�� (4) 

 �� � ��� cos$�3% , �� sin$ �3% , �#�� (5) 

 �	 � ��� cos$2�3 % , �� sin$ 2�3 % , �#�� (6) 

 

With �# � � cos &. The triangle formed by ��, �� and �	 

is equilateral of length ' �  ‖�� ) ��‖. The new motor 

positions after displacements of ��, �� and �	 are: 

 

 ��,*+, � ��� - ��, 0,0��  (7) 

 
��,*+, � �$�� - ��% cos �.	� , $�� -��% sin $ .	% , 0��  

(8) 

 
�	,*+, � �$�� - �	% cos  2�3 " , $��- �	% sin$ 2�3 % , 0�� 

(9) 
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The gimbal centers have to move in a way that their new 

positions  ��,/01 ,  ��,/01 and  �	,/01  still form an 

equilateral triangle of side length  '. Moreover, their 

motion is restricted to a rotation &2 of fixed radius � 

around their respective �2,*+, (with 3 = 1 to 3) in their 

motor axis plane. Therefore  �2,/01 can be expressed as 

Eq. 10: 

 �2,/01$&2% � �2,*+, - �4$
2% 5� sin &20� cos &26 (10) 

 

Where �4$
2% is the rotational matrix around the z-

axis, 
2 � �, ) .	 , - .	 for respectively 3 � 1, 2, 3. Only 

one combination of the three &2 is valid in order to obtain 

an equilateral triangle of length  '. To find that 

combination, the system (Eq. 11) of 3 equations for 3 

unknowns needs to be solved: 

 

 89��,/01$&�% ) ��,/01$&�%9 � '9��,/01$&�% ) �	,/01$&	%9 � '9�	,/01$&	% ) ��,/01$&�%9 � ' (11) 

 

The valid solution: 

 

 �&�, &�, &	� � �&�,/01, &�,/01 , &	,/01� (12) 

 

gives the new pivot axis angles. The outputs 
� and 
� 

are then obtained from the normal unit vector to the 

triangle and  is the difference between the mean heights 

of �2,/01 and �#.  

 

The IGM computes the motor displacements  ��, �� and �	 from the inputs 
�, 
� and . The points ��,/01 ,  ��,/01 

and �	,/01 are obtained by applying two rotational 

matrices ��$
�% and ��$
�% around the x-axis and y-axis 

respectively and a vertical translation of  to ��, �� 

and �	: 

 �2,/01 � ��$
�%��$
�% :�2 - 500;6< (13) 

 

Where: 

 ��$
�% �  51 0 00 cos 
� ) sin 
�0 sin 
� cos 
� 6 (14) 

 ��=
�> �  ? cos 
� 0 sin 
�0 1 0) sin 
� 0 cos 
�@ (15) 

 

Then, the new pivot positions are for 3 � 1, 2, 3: 

 

 �2,*+, � A2 ∙ C2 (16) 

 

Where C2 are the motor axes directions: 
 

 C� � �1,0,0� (17) 

 C� � �cos ��3� , sin $ �3% , 0� (18) 

 C	 � �cos  2�3 " , sin $ 2�3 % , 0� (19) 

And A2 is a scalar: 

 

 
A2 � C2 ⋅ �2,/01 -   $$C2 ∙ �2,/01%�) $9�2,/019� ) ��%%� �E  

(20) 

 

Finally, ��, �� and �	 are obtained: 

 

 �2 � 9��2 ) �2,*+,9 ∙ FGH$A2 ) ‖��2‖%. (21) 

A 3D sketch is built to check the numerical values given by the 

DGM and IGM and validate that they are correctly calculated 

(see Fig. 5).  

 
Figure 5. 3D sketch used for the validation of Direct 

and Inverse Geometrical Models. 

2.5. Stroke on actuators 

Based on the IGM, the required strokes on the actuators 

are calculated. For the corner posture of the platform (all 

combinations of ±1° on the angles and ±3 mm on the 

piston), the motor positions are calculated (��, �� and �	 

in Tab. 1). Then, the minimum and maximum positions 

are determined to quantify the stroke needed at actuators 

level. All postures can be achieved with 20 mm stroke 

motors, as presented in Tab. 2.  

 

Table 1: Motor positions for the 8 corner postures of the 

platform 

 
 

Table 2: Minimum and maximum motor position on 

each axis 

  
 

Posture n° 1 2 3 4 5 6 7 8

Tip angle [deg] -1 -1 -1 -1 1 1 1 1

Tilt angle [deg] -1 -1 1 1 -1 -1 1 1

Piston [mm] -3 3 -3 3 -3 3 -3 3

Motor 1 pos [mm] 2.34 -9.91 6.78 -2.64 2.34 -9.91 6.78 -2.64

Motor 2 pos [mm] 7.50 -1.56 5.48 -4.66 3.85 -7.29 1.41 -11.62

Motor 3 pos [mm] 3.85 -7.29 1.41 -11.62 7.50 -1.56 5.48 -4.66

max min total

Motor 1 pos [mm] 6.78 -9.91 16.70

Motor 2 pos [mm] 7.50 -11.62 19.12

Motor 3 pos [mm] 7.50 -11.62 19.12
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2.6. Flexure mechanical sizing 

This section explains the sizing philosophy of the flexure 

design. First, the deflection distribution function across 

the volume is calculated through the geometrical model. 

Then, the flexure sizing itself is made to obtain fatigue 

stresses corresponding to the expected number of cycles 

to be performed at ninety percent of the deflection 

distribution, on top of which a margin is added.  

 

The Fig. 6 (left) shows the probability distribution of the 

angular deflections on the pivots. It can be observed that 

the pivot rotation has a probability of 90% to be below 

6.5°. The Fig. 6 (right) shows the probability distribution 

of the angular deflections on the gimbals. It can be 

observed that their elevation angles are higher than their 

torsion angles which never exceed 2°. Additionally, the 

gimbal elevation has a probability of 90 % to be below 

7.0°. 

 

 
Figure 6. Pivot deflection angle distribution (left) and 

Gimbal deflection angles distribution (right) 

 

Based on the required stroke impact  on the flexure 

hinges, a regular sizing method is applied. The maximal 

deflection values are, with margin, 12° for the pivot and 

14° for the gimbal, the latter value combining flexion and 

torsion angles. Let us notice that the driving parameter is 

the stress within flexures rather than the stiffness, as the 

resulting elastic force is taken as input for the choice of a 

suitable actuator. The flexure dimension parameters are 

shown on the Fig. 7 with index _p for the pivot and _r for 

the gimbal.  

 
Figure 7. Flexures model with dimensions parameters 

 

The stress within the pivot flexures is calculated. The 

formula of Eq. 22 is used: 

 

 IJ � &JK�J2'J  (22) 

 

Table 3: Pivot sizing parameters 

 
 

Let us notice that the four plain blades as shown in Fig. 7 

correspond in terms of stiffness to the implemented 

lattice flexure pivots i. The sizing of the gimbal is made 

by calculating the maximum stress in their rods with Eq. 

23: 

 

 IL � MKNL2'L  (23) 

With the values given in Tab. 4, the calculated stress d is 

929 MPa for the maximal deflection of 14 degrees, which 

is acceptable without the fatigue conditions. The flexures 

material is stainless steel 17-4PH and its limit stress is 

1 GPa. 

Table 4: Gimbal sizing parameters 

 

3. DESIGN ANALYSIS 

Based on the FEA model of Fig. 8, the following points 

are analysed: 

• Eigenfrequencies 

• Stiffnesses 

• Reaction forces at motor level 

• Motor margin 

• Stress level within flexures 

• Parasitic motions 

• Buckling of the structure 

• Gravity induced sag  

 

 
Figure 8. FEA model of the compliant tripod 

Parameter Symbol Value Unit

Young modulus E 190 GPa

Blade width B_p 4.5 mm

Blade length L_p 9 mm

Blade thickness H_p 0.275 mm

Pivot deflection alpha_p 12 deg

Stress sigma_p 608 MPa

Parameter Symbol Value Unit

Young modulus E 190 GPa

Rod diameter D_r 1.2 mm

Rod length L_r 30 mm

Deflection angle rho 14 deg

Stress sigma_r 929 MPa
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Note that the realistic geometry of the lattice’s pivots is 

included in the model. These are described in [3]. 

3.1. Eigenfrequencies 

The eigenfrequencies of the platform are calculated with 

a mobile load of 1 kg and an inertia of 0.01 kg∙m2. The 

Tab. 5 gives the eigenfrequencies calculated. 

 

Table 5: Eigenfrequencies 

 

3.2. Stiffnesses 

The Tab. 6 summarises the stiffnesses of the platform. 

 

Table 6: Stiffnesses 

 

3.3. Reaction forces at motor level 

The reaction forces are calculated for 8 corner postures 

of the mechanism. This is a critical piece of information, 

required for the sizing of the motor and for the 

irreversibility of the positioning while cutting off the 

controller of the mechanism. In Fig. 9 four curves are 

shown: the red and blue are the limit forces given by the 

selected piezo actuator, and the green and yellow curves 

indicate the axial forces on motor axes 1 and 2. The axis 

3 is not calculated as it is symmetrical to axis 2.  

 

 
Figure 9. Reaction forces along actuator axes  

 
Figure 10. Vertical reaction forces [N] and 

out-of-plane reaction torques [Nm] 

 

The curves of Fig. 10 show the vertical elastic reaction 

forces and the elastic reaction torques given by the 

flexure when in different postures. These are much lower 

than the limit of the linear guide.  

3.4. Motor margin 

The motor margins are calculated on the 8 corner 

postures including the gravity effect acting on the 1 kg 

platform along the main axes. The force and torque 

increases are summarized in Tab. 7. They are acceptable 

and motorization margin always remain above 3.  

 
Table 7: Force and torque increase on actuators due to 

gravity 

 

3.5. Stress level within flexures 

The stress is calculated for each of the corner postures of 

the mechanism. The Tab. 8 give the maximum stress 

among all the flexures. These values are lower than the 

analytical values given in Tab. 3 and Tab. 4. This is 

because the maximal angle with margin is not reached. 

Additionally, let us notice that the maximal stress always 

appears in the gimbal rods.  

 

Table 8: Max stress in flexures at corner postures 

 

3.6. Parasitic motions 

The x and y translations as well as the 
4 torsion parasitic 

motions are evaluated. They remain respectively below 

400 µm and 0.1 mrad, which is acceptable.  

3.7. Buckling of the structure 

The buckling of the structure is analysed when applying 

a vertical and a lateral force. The respective critical loads 

are found to be 2’680 N and 765 N. These values are 

considered as high enough for the intended use case.  

3.8. Gravity sag  

The gravity force is considered to calculate the sag when 

using the mechanism in different directions in lab 

conditions. Sag values of 1.3 µm are found when the 

gravity is aligned on the x-y plane and the sag is 180 nm 

when the gravity force is aligned with the z-direction. 

 

Axis Eigenfrequency [Hz]

Rx,y 329.3

Rz 232.2

Tx, y 168.2

Tz 476.5

Axis F [N;Nm] d [m;rad] K [N/m;Nm/rad]

x 0.01 7.57E-09 1.32E+06

y 0.01 7.57E-09 1.32E+06

z 0.01 1.11E-09 9.01E+06

rx 1.00E-04 5.07E-09 1.97E+04

ry 1.00E-04 5.07E-09 1.97E+04

rz 1.00E-04 4.68E-09 2.14E+04

RFx [N] RFz [N] RMz [Nm]

Abs max, with load in any direction 10.94 5.30 0.72

delta F, with and without load 1.52 3.34 0.37

Posture n° Rx [deg] Ry [deg] z [mm] VMS [MPa] Max VMS  [MPa]

1 -1 -1 -3 469 1000

2 -1 -1 3 611 1000

3 -1 1 -3 414 1000

4 -1 1 3 741 1000

5 1 -1 -3 469 1000

6 1 -1 3 612 1000

7 1 1 -3 413 1000

8 1 1 3 739 1000
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 DESIGN IMPLEMENTATION 

The implementation of the SMT design is shown in Fig. 

11. Details about the mechanism main components are 

given in the following subsections.  

 

 
Figure 11. Photograph of the implemented SMT tripod 

mechanism 

4.1. Tripod architecture 

The selected tripod architecture consists of three single-

axis stages, symmetrically distributed as illustrated in 

Fig. 12. Each of the three single-axis stages consists of a 

linear stage and a flexible transmission stage (Fig. 13).  

 
Figure 12. Tile tripod architecture 

 
Figure 13. Single-axis stage nomenclature and 

kinematic diagram 
 

To perform piston displacement along the z-axis and tip-

tilt positioning around the x and y-axes, the linear stage 

displacement is performed in the x-y plane and is then 

converted into a vertical displacement by the 

transmission stage. This configuration is isostatic as 

illustrated in Fig. 14 and allows for acceptable stresses in 

the flexible joint. 

 
Figure 14. Tripod kinematic diagram 

4.2. Single-axis stage 

The linear single-axis subsystem of the active tile (Fig. 

15) is composed of a piezoelectric actuator PiezoMotor 

LT40, a linear guiding stage Schneeberger ND 2-65.40, 

a linear position encoder POSIC IT3402L with 

measuring scale, two electrical limit switches and in-

house designed mechanical interfaces. More details are 

given in [4]. 

 

 
Figure 15. Description of the linear motorized stage 

4.3. Flexible transmission stage  

The flexible transmission stage links the actuated radial 

carriage to the mobile platform of the SMT. It is 

composed of two pivot supports, two flexure pivots 

named Bamdix, one internal link and one flexure gimbal 

named Triplix.  

 

 
Figure 16. Flexible transmission stage 

 

The Bamdix are composed of two compliant lattice 

blades - in red on Fig. 17 (left). The blades cross in their 
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middle without touching each other, even during rotation. 

Their blade thickness is 280 µm. The whole pivot is 

printed in one part, without any supporting structure of 

the overhang bodies. As illustrated on the left of Fig. 17, 

the lattice flexure blades are linked at the front to the 

(blue) output part and at the rear to the (green) output part 

by (grey) rigid bodies. The latter are designed through a 

topology optimization method to reduce their mass and 

enhance their stiffness. 

 
Figure 17. Illustration of the Bamdix pivot (left) and SLM 

printing direction of the Bamdix (right) 

 

The pivots are printed in stainless steel 17-4PH (Young 

modulus of 193 GPa) through Selective Laser Melting 

(SLM). The printing direction is shown on the right of 

Fig. 17. To guarantee proper interfaces with the other 

parts of the tripod arm, post-machining is performed by 

turning the part while holding it by the upper ring. 

 

 
Figure 18. Illustration of the Triplix pivot (left) with 

flexure rods in red and Triplix SLM direction (right) 

 

The Triplix gimbal is show in Fig. 18. Its flexures are 

made of 3 pairs of rods (shown in red) linked by three 

rigid bodies (in green). This structure confers three DOFs 

to the flexure in rotation and blocks all possible 

translations. The output body of the gimbal, which is the 

top of the structure, rotates around a virtual point at the 

crossing of the six flexure rods. The rod diameter is 

1.2 mm, and their length is 17 mm. The rigid rods make 

an angle of 50° with the horizontal plane. The Triplix are 

also SLM printed in stainless steel 17-4PH.  
 

 

Together, the Triplix and Bamdix constitute the flexible 

transmission stage of the single-axis stage where the 

implementation is shown in Fig. 19. 

 

 
Figure 19. View of the SMT transmission stage and 

flexure pivots 

4.4. Lessons learnt on SLM parts integration 

SLM parts integration lessons learnt relate to the 

manufacturing of SLM printed flexure stages as well as 

alignment and interfacing of the latter. Flexure functions 

require very tight tolerances (generally a few µm) and 

interfaces must be very well controlled: iso-static 

interfaces are highly recommended. This is not possible 

using solely SLM as the tolerances are limited and the 

surface is rough. Re-machining of interfaces is then 

required at precise positions with respect to printed 

blades.  

 

Regarding the re-machining steps, the recommendations 

are to avoid pre-drilled holes, which make the hole 

centring more complex and to avoid turning non revolved 

geometry which generates high vibrations during 

machining. Overall, re-machining must be considered 

before printing and an interface to hold the part during 

machining must be prepared in advance. Fig. 20 

illustrates the Bamdix pivot before and after re-

machining and highlights some problems encountered 

related to the bridges holding the mobile part and the I/F 

for turning.  

 
Figure 20. AM produced parts (left) and re-

machined parts (right) 
 

Regarding precise positioning of the flexure blades, 

proper alignment is sometime of crucial importance to 

avoid bi-stable behaviour. Thus, alignment tooling must 

be conceived before AM parts are printed.  
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Figure 21. Alignment tooling of the Bamdix pivots 

 

The blades of the pair of Bamdix pivots have been aligned 

with the tooling shown on Fig. 21 which includes four 

alignment pins in contact with the blades.   

 RESULTS 

5.1. SMT calibration 

To achieve good positioning performances, the single-

axis stages are calibrated through look-up tables by 

interpolating between each step of the linear axis position 

sensor. The positioning error for each axis is within 

±1.5 µm over the entire 20 mm displacement range. The 

two active SMTs are fully calibrated using a three-axis 

interferometer and an autocollimator for the precise 

measurement of the moving platform across 8000 points 

in space. From the calibration procedure a new IGM 

including the positioning errors is calculated using a 

polynomial (cubic order) model determined through a 

stepwise regression algorithm. The latter is implemented 

in the robot control software to achieve the results 

presented in §5.2. 

5.2. SMT performance results 

While the calibrated IGM is calculated on 8000 points for 

each SMT, the positioning accuracy performances are 

measured on 512 different positions equally distributed 

on the full mechanism strokes. Errors between desired 

positions and measured positions are computed. 

Histogram distributions for one tile is given in Fig. 22. 

 
Figure 22. SMT1 histograms of angular errors (left) 

and piston errors (right) on 512 measured points 
 

The accuracy of each of the single-axis subsystems is in 

the range ±1.5 µm with a resolution better than 350 nm. 

At mirror level, this translates to angular resolutions 

better than the targeted 4 µrad and piston resolution 

below the targeted 1µm. Moreover, an overall mirror 

position absolute accuracy of about 100 µrad in tip and 

tilt rotations and of about 7 µm in piston translation has 

been measured on the full mechanism stroke for both 

produced tiles.  

Repeatability values are computed by reaching 64 

positions for SMT1 and 91 for SMT2 10 times each. The 

order in which these positions are reached has been 

randomized so that no bias is expected. The obtained 

results for both tiles (Tab. 10) are well below the 

specifications, as the angular repeatability of the 

mechanism is below 10 µrad in tip and tilt and below 

1 µm in piston which is well below the project 

requirement values. 

Table 10: Repeatability measurements of SMT1 and 

SMT2 

Repeatability SMT1 SMT2 

θx 5.98 ± 1.54 µrad 8.01± 3.89 µrad 

θy 3.69 ± 1.25 µrad 3.67 ± 1.15 µrad 

z 0.61 ± 0.23 µm 0.33 ± 0.16 µm 
 

 CONCLUSIONS  

Key elements of the design, development, and 

performance measurements of the single mirror tile 

positioning mechanism developed in the frame of the 

H2020 PULSAR project have been presented. The tripod 

architecture mechanism aims at correcting alignment 

inaccuracies generated by the robotic autonomous 

assembly of a six-mirror tile mock-up. The advanced 

multi-axes calibration that was implemented allowed to 

correct multiple sources of errors, including inaccuracies 

of SLM flexures printing and of component assembly. 

Finally, a system with better-than-expected accuracy 

performances integrating SLM produced compliant 

components was fully assembled, tested and validated. 

This is a cornerstone regarding AM based flexures 

development. 

ACKNOWLEDGEMENTS 

The PULSAR project is funded under the European 

Commission’s Horizon 2020 Space Strategic Research 

Cluster Operational Grants, grant number 821858. 

REFERENCES 

1. Rognant M. et al., Autonomous assembly of large 

structures in space: a technology review, 8th European 

Conference for Aeronautics and Aerospace Sciences, 

Madrid, Spain, July 2019 

2. Letier, P. et al., J.S., Romero, J.L.C., Gancet. J., 

HOTDOCK: Design and Validation of a New 

Generation of Standard Robotic Interface for On-

Orbit Servicing, 71st International Astronautical 

3. Kiener L. et al., Additive manufacturing: innovative 

concepts of compliant mechanisms, Advances in 

Optical and Mechanical Technologies for Telescopes 

and Instrumentation IV, Dec. 2020 

4. Rouvinet J. et al., PULSAR: Development of a 

mirror tile prototype for future large telescopes 

robotically assembled in space, Advances in Optical 

and Mechanical Technologies for Telescopes and 

Instrumentation IV, Dec. 2020 


