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The Extreme Lunar Environment an,a

LRO DIVINER: Lunar Day/Night Temperature Range by Latitude
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Lunar night is extremely
cold everywhere
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Lunar Power Hlbernatli

» Aimed at low-cost solar powered s p cecra -‘ |

* Intended to extend the mission capablllty beyond -
* Passively surviving the lunar night 2 ‘
* Reactivate power at lunar dawn 5 B R

* Progressively restore full functions N RN ok T
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* Hibernation minimizes design impact on eX|stmg spacecra
* Enable multiple lunar cycles while mlnlmlzmg red&sagn and develo {‘
* Changes limited to dawn mode functions in the p\ower system Ik

* Minimize impact on system size and payload capauty

* Make what spacecraft we have work (still needs tech development)



* Dawn illumination of PV arrays triggers a ”dawn mode restart lence

Why 18650 Li—lon cells for cryo-tolerant batter|%s7
 Widely used for both small and large spacecraft b‘attertes
* Voltage drops to zero when frozen (~200 K) U AN (\ |
 Recovers when returned to operational temperatures %
 Recovered state of charge OSAERY

* Cells tested in a vacuum successfully recovered

e What about other formats?
e Similar cylindrical formats (such as 21700, 22700, 26650, etc.) may be viable



Lunar Power Hibernatic
Dawn Mode recovery is enabled by Cryo-EIécéf-fbn Sih

* All systems need to be Cryo-Tolerant :L
* Passively survive the extreme cold '
* Key Power circuits must be Cryo-Operable . x
« Cold-start at cryogenic temperatures 3 R
- Provides stable operation downto 50K ' \u o
Dawn Mode Power Functions N D
* Prevents PV Array Overvoltage g A 7‘*(\‘.‘-\.{:5;.'?’,;. ‘
e Stable operation on solar array output alone 'u)‘ 4

e Battery is initially frozen and isolated (low power qﬁ‘aliiﬁy é'nvironme'ri‘t)
* Pre-Heat to bring avionics and battery up to temperature
* Pre-Charge Battery to match bus voltage
 Reconnect battery and bus



Lunar Power Hibernation: Dawn Mode

MBC Dawn Mode Functions
Limit Open-Circuit Voltage
Manage PV Array Output
Inhibits Avionics

Preheat Batteries

Preheat Avionics

Controls Battery isolation

BMS Dawn Mode Functions
Independent of Battery Power
Coordinates with MBC.
Monitors Temps & Voltages
Performs Pre-Charge

Detects Faults

Isolates faulty strings.
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Cryo-Tolerant Batteri‘?e‘;s_"‘;

..7'.}‘, ~'~}tb".""~"‘ ?' A
* Prior cryogenic 18650 tests raised a nuntber of questit

 How many freeze/thaw cycles can be tolerated?
 What are potential degradation mechanlsms?

* The Li-ion cell freeze/thaw process is’ not weII unders oer

* Why do they survive despite dire expectatlon§? ? R
* Can we exploit the cryogenic conditions for safety? O WP
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Cryo-tolerant electronics are capable of tpf}er_,a;, ing ¢
temperature cycles without degradatlon

* Most avionics need onIy tolerate the cold wu‘,; : -

* Managing coefficient of thermal expansion (CTE) ls\key

\.\;'4;-“ R
« Common Fiberglass Reinforced Printed Circuits have Ilmlted toler‘ e (
temps (limited cycle life) e

 Small devices and circuits have lower CTE stress
* High-reliability techniqgues emphasize matchmg CTE

* Managing the internal thermal environment to minimize thermal stress
* Maintain flat thermal gradients
* Minimize thermal rate of change
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operatlon in cryogenic temperatures v
e All semlconductor properties shift W|th tempera:Eure

to cryo-operability ) ; .
. Example SiGe changes from one conductlon meﬁhog to Qnotf'ner

\.‘

Circuit-level cryo-operability (400 Kto50K) <\

* Many circuits use mixed technologies (Si, SiC, SlGe, {(ga\As GaN) and trans¢stor'
and functions. 1

* Need to account for differing parameter changes for a W|de temperature range
* Flat response to temperature is ideal for circuit stability
* Will likely need device level temperature compensation techniques
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Summary of Technol""
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Battery Technology (ceII to battery Ievel) «<;, Ay

. Thermalmanagement ok

Detection of faults (if possible while in the froz@n stéte)

* Fault mitigation schemes e N

\'\‘
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Electronics Technology (device & circuit Ievel) VA

* Advanced device and circuit package materlais and technlques
* Characterization testing of electronics at cryogenic temperatures

Physics-informed modelling and simulation tools to exploit characterization data
 Temperature compensation techniques to assure stability
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Battery Technology ’ R
 Two Early Career Faculty Pls mvestlgatmg I_I sjon freeze/tha

Electronics Technology B
* Early Career Faculty Pl investigating Galllum Nlthde, technology |

e Lunar Surface Technology Research (LUSTR) Investlgatlons \ s

* Silicon-Germanium technology , ORI <\ Do i

* Back gate control for Silicon-On- Insulator temperature compensatlon

« Investigating methods for improving circuit board cryo-tolerance

GRC Center Innovation Funding (assembly level work)
* Investigating multi-cell battery interactions through freeze/thaw process

* Developing cryo-operable iower ciri'l‘l
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Infusion of Hlbernatlon""='

Development of guidelines and desngn to'_[w:‘[s "are needed
spacecraft and payload developers mfusg new tect - -
e Cryo-Tolerant Battery design gwdelmes. “x
* Package batteries to ensure uniform thermal enwronment ‘ i
e Potential cold battery diagnostics and fault |sblat|on g
* Cryo-Electronics design guidelines: ol ‘*)‘ e
* Cryo-tolerant electronics device package and cwcwt level gwdelme@w
* Cryo-operable electronics data and engmeermg tools ‘ 3 ;
e Characterization data for devices and passwe'lc'omponents for 400 K to
 Utilize physics-informed modelling and simulation tools when p055|ble
Next Step: Define a Lunar Power Hibernation technology demonstrator
to allow the technologies to converge into an application.
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