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Extremely Large Telescope
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NAETIS - Cryogenic mstrument

Mid-infrared I
ELT Imager and R’
Spectrograph A I
A Operates in the3113 umwavelength range /&
A Enables study offaint astronomical sources =
such asexoplanets or distant galaxies
A Requires acryogenic environment to: Ve

A Reduce thermal background noise

A Ensure reliable performance of infrared v
detectors (functioning best at 3570K)
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METIST optical design
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A2.3 m diameter, 2.2 m tall
METIS Cryogenic subsystems  A3tons of mass

CFO
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METIS cryogenic challenges

ACreating a Stable Cryogenic A Developing Cryogenic OptoMechanical
Environment Cryostat design Mechanism: Derotator example
and thermal concept




Thermal design - overview

A Three twostage pulse tube coolers (PT810)
to cool the cold optics and detectors

A LN2 pre-cooling
A LN2 cooledradiation shield to reduce the  1ststage

radiation |Oad 2nd staae
A Plus MLI
A Cold optics physically split in two LMS
iIndependently controlled temperature
zones 5
A Dedicated temperature control for detectors™ 70K | 4*Preamp
EE 40K

El 35-40K
1 80-100K




Thermal designT cool-down . -

A Requirement cool down <7 days.
A First step: cooldown of the heatshield

A Precooling system with a flow of LN2
Implemented to cool down to 80 K

A Control via LN2 flow to keep temperature
ramp safefor the mechanisms (5Khr)

A Expected LN2 consumption for cool down:
PKk MMMWGRqlJI + W

3D printed LN2 heatexchanger
Design allows forw “¥ompensation
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Thermal design- warm-up

A Requirement:warm up <3 days (target of 2 days)

A Network of heaters
- Thermal switches added to prevent local overheating

A Control system neededto keep temperature ramp
safe for the mechanisms (5Kir)

A Early flushing with GN2
- Components warm enough

- But needs to avoid the cryostat wall cooled below
dew point due to convection
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Cryostat mechanical design

A Cryogenic enclosure and realisation of thermal concept
T Diameter: 3 m Helght 2 8 m Volume: 12,000 liters

:
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Cryostat mechanical design

A Mechanical support of optical instrument
- Mass ofthe instrument inside: ~3,000 kg
- Earthquake load
- Able to cope with the shrinkage difference

A Partial access for integration and maintenancepossible

LN, Bath 3 | i l |
Outer vessel .\\\ . i X
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Gradient of 200K

Intermediate ring
Temperature: ~80K

Second ring of spacers
Gradient of ~13K
Shield with Labyrinth
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Cryostat assembly and integration |
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Cryogenic Opto-Mechanical Mechanism: Derotator

A Cryogenic mechanisms: new cathegory of challenges
i i T T
A Solutions shownT cryogenically tested! | .,- g @S

Nasmyth platform




METIS derotator: motivation

SHUTTER SPEED: 181 MIN APERTURE:F/4 IS0 SPEED: 3200 FLASH: NOT FIRED

Photos like these are nicer but not useful for astronomy
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Derotator: (main) design challenges

A Rotating mechanism (360 deg)
A Optical alignment
A CTE differences

A Cool-down / warm-up

Ry —
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Fixed worldActuator Rotating mass 17



Slow rotation In cryogenic environment

& Significant load to rotate
A Cryogenic bearing & encoder

Rotor Motor rotor Motor stator

Rotor interfaces

Bearings ‘\

Inductosyn stator

Stator interfaces Inductosyn rotor
—




Stable alignment between warm and cold

A Monolythic aluminium (as much as possible) design

A Short tolerance chain: complex mechanical design of support structure and
mirrors




Alignment despite CTE differences
(SS bearing + Al structure)
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A CTE compensation rings
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