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Presenter
Presentation Notes
Shown are the detector array (upper left), detector assembly with one of the ADR stages (lower left), the engineering model dewar (center) and the spacecraft with the fixed optical bench.  The x-ray mirrors are mounted to the top of the fixed optical bench.
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REEIREVINGgIRequirements

ADR is used to cool the detectors to 50 mK
0.25-0.40 pW of conducted heat (leads)
ADR rejects heat to either:

Superfluid helium at <1.3 K
<0.23 mW average (4 year lifetime)
Joule-Thomson cooler at ~4.5 K
<18 mW peak

Detector housing stable to 1 mK (time scales
of 02 sec to 10 min)

90% observing efficiency

Requires 3-stage ADR
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Presenter
Presentation Notes
The SXS was designed to achieve redundancy in the cryogenic system.  The ADR can cool the detectors using either the liquid helium or the JT cooler as a heat sink.  The requirement of 90% observing efficiency (fraction of time that the detectors are cold and stable) is met in both operating modes.
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-2-stage ADR operates by cascading heat —=St2LMan2hel,300€
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Presenter
Presentation Notes
When operating with liquid helium, only stages 1 and 2 of the ADR are used.  These operate in a single-shot mode, and are stationed at 0.5 K and 50 mK during detector operations.  Stage 2 acts primarily to intercept parasitic heat loads and to extend the hold time of stage 1.
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-3'd stage transfers heat to JT cooler
-2nd stage maintains helium tank temperature
15t stage cools detectors to 50 mK
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Presenter
Presentation Notes
In cryogen-free mode, stage 3 is used to cyclically transfer heat from the helium tank to the JT cooler.  Since this process would cause the helium tank and detector assembly to undergo large temperature fluctuations, stage 2 is used as an active heat capacity to stabilize their temperature.  In effect, stages 2 and 3 form a continuous ADR operating to cool the helium tank as cold as possible.  Stage 1 continues to operate in a single-shot mode to cool the detectors.
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*Recycling sequence

— Stage 1 and 2 are warmed to
~10% above the He bath

*HS1 and HS2 turned ON

- Stages 1 and 2 Charge to full field Calorimeter Thermal Sink, 0.05K
(2 Tand 3 T) 23K
«HS2 is turned off LHe
— Stage 2 cools Stage 1 (stillat 2 T) Tank
to <0.8 K ADR ADR
*HS1 is turned off Stage 2 || Stage 1

— Stage 1 is demagnetized to 50 mK,
and Stage 2t0 0.5 K
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Temperature (K)
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EESIHYEFADRICYCling

Recycle time <1 hour, including recovery time

Detector response stabilizes as detector and ADR components equilibrate
Control setpoints are based on the He tank temperature (uses mounting
plate T)

Control system automatically adjusts to conditions during flight
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*Hold time of 32 hours

— He bath at 1.25 K

— On orbit expect <1.15 K, giving a hold time of 38 hours
*Heat load is 1.14 pW

— Gives 84% heat absorption efficiency
— Best fit to standard demag curve gives salt temperature of 48 mK
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Required stability: 2.5 pK rms
Actual: 0.37 uK rms
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AMORLIMOUSIOperation

Recycling is triggered by Stage 1 current <5 mA

Control system operates autonomously based on preset
parameters and real-time conditions (He tank temperature)
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Presenter
Presentation Notes
Plot shows periodic recycling of the ADR when operating with liquid helium.  The cycling is automated, and is triggered when stage 1 current falls below 5 milliamps.
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EESIHERADRIOperation Summary

With He tank at ~1.25 K
Heat load on S1 was 1.14 pyW
Hold time at 50 mK is 32 hours
Recycle time (and recovery) <1 hour
Demonstrated observing efficiency of >97%

Temperature stability <1 pK rms

Integrated heat flow to helium tank

Hysteresis from S1 and S2 magnets 4.61 J
HS1/HS2 getter power 2.19J
Heat from S2 salt pill 8.11J
Total 14.19J

Time average load to He tank is 0.120 mW
Requirement is <0.2 mW
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-3'd stage transfers heat to JT cooler

-2nd stage maintains helium tank temperature
* Builds up cooling capacity during hold time

-1st stage cools detectors to 50 mK, rejects heat to 2"d stage
Detector Assembly, 1.3K
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PRSI YERSY Cling

*Cycle period ~21 minutes
*Low temperature setpoint is continuously adjusted to match helium tank T
- Time average heat lift of 2-3 mW in range of 1.4-1.8 K

— Helium tank parasitic load is ~0.6 mW

— ADR internal heat generation is ~1.2 mW
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Presenter
Presentation Notes
Plot shows periodic cycling of stage 3 in cryogen-free mode.
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Presenter
Presentation Notes
Plot zooms in on the portion of the cycle where stage 3 begins absorbing heat from the helium tank.  Stage 2, whose temperature was slightly lower than the tank as it was absorbing heat, rises in temperature as it begins expelling heat.  
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«S2 charges during S1
hold time

«S1 is automatically
recycled when current
falls below 20 mA

*40 minute recycle
*11.0 hour hold

*>94% observing
efficiency
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WithiHe tank at 1.625 K
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Presenter
Presentation Notes
During the hold time of stage 1 (when the detectors are operational), stage 2 builds up cooling capacity which is used to recycle stage 1 at the end of the hold time.  


Stage 1 current (A)
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SERDEITIRuIGUrve Fit

*He tank at 1.625 K
— S1 heat load = 2.98 uW
— Salt temperature = 46.31 mK
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gistability

Required stability is 1 mK over time scales of 0.2 s — 10 min
Brief periods in which fluctuation is ~2 mK
With current detector performance, this is acceptable
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HERIRIOWROthe JT Cooler

Cycling was adjusted to give max heat flow of 30 mW
Maximum flow tolerable at nominal input power
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*ADR must handle the case of a warm start
— He tank, ADR and detectors starting at 4.5 K
— May be necessary after catastrophic warmup
*Due to loss of cryocooler operation for long period
*Due to issues with guard vacuum
*Control should be autonomous (i.e. no intervention via
ground control)
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Presenter
Presentation Notes
In the event that the cryogenic system warms up, the cryocoolers will return the helium tank, ADR and detector assembly back to 4.5 K.  The ADR must be able to autonomously cool the helium tank and detector assembly to below 2 K and resume detector cooling to 50 mK.
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Presenter
Presentation Notes
The plots show the process of a warm start in which the 3-stage ADR works to cool the helium tank to a temperature below 2 K, then begins charging stage 2 so that it can precool stage 1.  Stage 2 is charged again, giving it the ability to precool stage 1 to 0.8 K at full current, from which point it can cool to 50 mK to start detector operations.  The elapsed time is less than 7.5 hours.
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Surnmary

*ADR has demonstrated autonomous control in nominal
operating modes
— 2-stage with helium, and 3-stage cryogen-free
— Warm start, automatic recycling

«2-stage with helium
— Hold times ~32 hours
— Recycle times <1 hour
— Observing efficiency >97%
*3-stage cryogen-free
— Hold times typically ~11 hours
*Heat load dominated by HS1 and kevlar from He tank
— Recycle times <45 minutes
— Observing efficiency >93%
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