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https://www.pbslearningmedia.org/resource/nvmc.sci.space.drill/designing-for-drilling-on-mars/?student=true

=P7L Space application: ExoMars 2020 Close-up Imager (CLUPI)

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

PanCam high resolution camera
ISEM

Localisation cameras

Sample delivery window

sci.esa.int

CLUPI

Drill system

PanCam wide angle camera

Navigation cameras

Pan and tilt mechanism

Deployable mast

| Drill’§

.. Drill box

CLUPI
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FOV 2
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=P7L Space application: ExoMars 2020 Close-up Imager (CLUPI)

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

Fixed
structure

Flex-Rigid
electronics

SpaceWire
Connector
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- Space applications: Meteosat Third Generation (MTG) Infra-
Red Sounder (IRS) Corner Cube Mechanism (CCM)
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https://www.youtube.com/watch?v=LQ3xHJasKK8
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=P7L " Space applications: Meteosat Third Generation (MTG) Infra-

Ch. 2 - Application fields and examples
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=FFL " Space application: Large Angle Flexure Pivot (LAFP)

Performances:

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

Stroke:

Central shift:
Angular stiffness:
Number of cycles:
Thermal range:

Mass:

Dimensions:

+90° (Infinite life £70°)
+35 ym at £70°
0.33 Nm/rad at 90°

> 3 million
-140 °C to +65 °C
440 g

@ 120 mm x 58 mm

Payload

Rotary

actuator [
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B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

Space applications: Compliant Mechanisms based on
Additive Manufacturing (COMAM)
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https://www.youtube.com/watch?v=0oBJe5uF40I

=Pr
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Space applications: Compliant Mechanisms based on

Output

Output linking rod ——

Fixed part i/ I/nput
/ Fulerum T~

y Output
Z x

Preliminary design Design space and load N&
cases definition y !

Optimized density design
(iterative process)

Final design with lattices and

interfaces added Smoothing of 3D surfaces

-
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B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

Space application: Microvibration
Isolation System (MVIS) ©

Complete isolation system for micro-vibration
mitigation

Hexapod architecture with 6 DOFs on each strut
Semi-passive EM damping on elongation DOF

25 kg payload (reaction wheels)

Planar joint ———§F

Upper half strut

2 CSeMm ¢:esa

SYRESY surRReEY

Flex gimbal
Mobile cover
Locking plate

Locking ball
Mobile holder
Top bearing

Flexleg

Base body
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=P7L " Space application: Prototype of an Ultra Large Structure
Assembly Robot (PULSAR)

Ch. 2 - Application fields and examples

credits: DLR
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https://www.youtube.com/watch?v=Vj4L0jkV69o

=FFL  Space application: Prototype of an Ultra Large Structure
Assembly Robot (PULSAR) s

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

FEA model of the PULSAR mechanism

Flex gimbal

)

Flex pivot

Piezoleg motor

Ch. 2 - Application fields and examples

DOI: 10.1109/CPE.2013.6601155
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https://www.youtube.com/watch?v=YF22Ba-xrk8
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Astrophysics application: James Webb Space Telescope

The Two Sides of the Webb Telescope

Hot side
185° Fahrenheit
(85" Celsius)

Cold side
-388° Fahrenheit
(-233° Celsius)

SCIENCE INSTRUMENTS:
DETECTORS & FILTERS

SOURPMNEL — |

COMMUNICATIONS
ANTENNA

—

COMPUTER MIRRORS

STEERING:
REACTION WHEELS & JETS

safran-group.com

Cross-Section of Webb's Five-Layer
Sunshield

Light and heat from
the Sun hits the
shield, heating it up.

Each layer of material blocks some
heat, deflects the rest harmlessly
out the sides.

Very little heat
gets through all
the layers to the
cold side of the
telescope

JWST thermal management

sciencesocks.co

—a—
- 13 (Lagrange point3) -

James Webb
Space Telescope
trajectory——

JWST location at Lagrange point 2 (L2)
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=F7L  Astrophysics application: Stratospheric Observatory for
Infrared Astronomy (SOFIA) Secondary Mirror Assembly

= 6 DoF hexapod for focusing, centring and tilting
=  Amplitude: £ 5 mm
= Resolution: < 0.5um Hyperbolic —

= 2 DoF chopper stage for contrast Mirror (M2) ‘l-‘\'/

=  Amplitude + 0.3° and frequency 0 - 20 Hz

Ch. 2 - Application fields and examples

TCM

2 rotational
degrees of freedom

Zis

FCM
3 translational
degrees of freedom
+
2 rotational
degrees of freedom

= Dynamic pointing stability to account for turbulences

Aircraft Telescope

= ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

esmats.eu



=P7L  Astrophysics application: Stratospheric Observatory for
Infrared Astronomy (SOFIA) Secondary Mirror Assembly

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

1. Linear Motor 6. Pivot rod bottom

2. Lleverarm 7. Force Sensor

3. Lever pivot 8. Pivot rod top

4. Compensation blade 9. Position Sensor
nasa.gov 5. Compensation ring 10. Mirror holder

11
12
13
14

. Pivot membrane

. Central pivot
. Mirror bipod
. Mirror

worldscientific.com

Ch. 2 - Application fields and examples



Astrophysics application: European Extremely Large Telescope |
(ESO E-ELT)

Ch. 2 - Application fields and examples
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https://www.youtube.com/watch?v=jWxtNMhmVOg

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS

Astrophysics application: European Extremely Large

Telescope (ESO E-ELT)

‘VV ‘

Secondary mirror assembly of E-ELT

elt.eso.org

Flash exercise:

Calculate the mechanical stress within the 3 vertical
flexures in case of earthquake of magnitude 6 on
Richter scale (2 g of Peak Ground Acceleration)

The flexures sections is 5 x 200 mm?2
The secondary mirror assembly mass is 13 tons.

L

E-ELT 80 m dome construction

N. Dubost/Eduardo Garces/E. Garcés/ESO

N
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Astrophysics application: Cryogenic Slit-mask Unit (CSU) in Multi-
Object Spectrograph for Infrared Exploratlon (MOSFIRE) on Keck |

. esmats.eu
irlab.astro.ucla.edu

N
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PFL  Astrophysics application: Cryogenic Slit-mask Unit (CSU) in Multi-
Object Spectrograph for Infrared Exploration (MOSFIRE) on Keck |

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS
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McLean . et al. Design and development of MOSFIRE, the Multi-Object Spectrometer

For Infra-Red Exploration at the Keck Observatory, in Proc. of SPIE Vol. 7735, 2010



=PFL  Astrophysics application: Cryogenic Slit-mask Unit
(CSU) in Multi-Object Spectrograph for Infrared
Exploration (MOSFIRE) on Keck |

Masking bar end-stops

Indexing Stage

Indexing Stage Position sensor

B ADVANCED MECHANISMS FOR EXTREME ENVI

0.8 (gap)

d

N
w

Indexing Stage: fixed part

Indexing Stage: mobile part

Application fields and examples

Ratchet clutch assembly

Ratchet Clutch

rake clutch assembly ~ Brake Clutch Preloaded rollers

Clutch magnets

Bar

Area of additional low =

<4
0.5 (masking)

5.8 (pitch)

. ===
reflectance coating (both
sides)

Reference rollers

McLean . et al. Design and development of MOSFIRE, the

Multi-Object Spectrometer For Infra-Red Exploration at the Mos F | RE cs U

Keck Observatory, in Proc. of SPIE Vol. 7735, 2010



=PFL Week 1 exercises and homework

Exercise

= COMSOL basics tutorial on MOODLE : EXO_1_tuto_ COMSOL.pdf
= Connectto :

= Additional tutorial if finished earlier:

= On MOODLE: models.sme.bracket_static-1.pdf
bracket_static.mph
bracket.mphbin
Homework

=  Watch this video on FEA theory basics

=  And a COMSOL introductive video

B ADVANCED MECHANISMS FOR EXTREME ENVIRONMENTS
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VDI.EPFL.CH
https://www.comsol.com/model/bracket-8212-structural-mechanics-tutorials-10314
https://www.comsol.com/model/bracket-8212-structural-mechanics-tutorials-10314
https://www.youtube.com/watch?v=GHjopp47vvQ
https://www.comsol.com/video/18-minute-introduction-to-comsol-multiphysics
https://www.comsol.com/video/18-minute-introduction-to-comsol-multiphysics

