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Lunar Thermal Problem

- Daytime highs of > 130 °C

- Nighttime lows of < -200 °C

- Days/nights 15 Earth days each

® How/Why do we Miniaturize?
. - ROD-TSW s too large for 1U

" - DTE requires length L
|dea is to embed the required L
Even for large U, smaller better

Tutorial Introduction

OBJECTIVE: To miniaturize the JPL Reverse-Operation DTE
Thermal Switch (ROD-TSW) using multiple nested stages.

APPLICATION: Miniaturized lunar instruments such as sub
1U VLBI (very long baseline interferometry) device networks.

APPROACH: Use multiple differential thermal expansion

stages that maintain “stroke” but miniaturize size: ROD-TSW Operating Principles Mini-ROD-TSW Idea
O Multiple stages with alternating use of modestly high CTE Lunar S Lunar HEAT ouT | [Target _
Aluminum (CTE 23E-6/K) with low CTE Invar 36 (CTE 1E-6/K) ot g O %’{,gof.’f GorF 250014 Wik
O  Use thin-walled cylindrical shells to minimize weight and attach 4 j Aluminum T
the miniaturized parts using “micro-threading” < d E 'g i | "é
O  Maintain ROD-TSW mating surface preparation/features, which g &, = | £ 2 = % E
includes near mirror finish and < 0.0001 inch surface parallelism & |® & = 2 KB =y Z
N o £ — I .~ B I S .
O Partner with small company involved in the development of W B g E, % T T T
miniaturized lunar devices (Space Initiatives, Inc.) = E 2 < o —~em<
— c 5555
O  Design, CAD model, perform thermal analysis, perform structural = ON/OFF - EE S
, - y = 2500:1 "HDHD
analysis, fabricate/assembly prototype — _
OFF: < 273K ON: @ 300 K Aluminum
GOFF = 0.001 W/K GON =5 W/K — Invar 36

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Problem Description

Science Payload Thermal Control in Extreme Environments

We want to use  Carrying one or To operate and stay within temperature limits, Using a thermal control
one of these ... more of these ... in Extreme Environments such as these ... architecture that is ...
Rover Moon (100-380 K, Vac) Low Power
Sci Mars (148-293 K, Non-Vac) Lightweight
Lander cience Passive
Orbiter Payload (PL) Europa (53-113 K, vac) Compact
Flver 253.313 K Titan (90-94 K, Non-Vac) Reliable
lyer - lo (105-123 K, Vac) Affordable
Airship Venus 70-30 km (173-473 K, Non-Vac) Radioisotope-Free

Extreme Environment operability/survivability
requires 4 improved thermal toolbox elements ...

.....
. SN,

[ PL 4; RAD —2—— ENV
" . //4
AA uv+|R{—l
CARRIER

[—

1- PASSIVE THERMAL SWITCHING SYSTEMS

2- LOW SINK TEMPERATURE RADIATORS

3 - LOW EFFECTIVE EMISSIVITY MLI

4- LOW CONDUCTANCE THERMAL ISOLATORS

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Methodology

@ Develop initial size as CAD model starting point

@ Select ON force, determine rod pre-stretch

Stroke =N x L x DTE x DT = rod pre-stretch + gap when OFF
= (4)(30 mm)(23E-6 - 1E-6)(294 - 263) = 0.08 mMm

® Create CAD models, resize for manufacturability
@ Check size relative to 0.5 U lunar device
® Perform thermal analysis, deflection analysis

® Fabricate prototype, use micro-threaded joints

) ‘T" [Donrorce | a5 | 100 Ibs

T 23mm Part Material| OD (mm) | ID (mm) |torL(mm)| E(Pa) | &(m) | &(mils)
""" Outer  (8-Tube)| 6063-Al| 21.0 19.0 26 |6.83E+10] 2.70E-06 0.11
Outer  (7-Tube)|Invar36| 18.0 17.0 22 |141E+11] 2.53E-06 0.10
o 6061-A1  |Mid-Outer (6-Tube)| 6061-A1] 160 | 140 2 |683E+10) 3048068 012
£ : Isnovfr Qé IMld QOuter (5-Tube)|Invar36| 13.0 | 120 20 |141E+11] 3.54E-06 0.14
S o Bond ot [IMic-nner (4-Tube)| 606141 110 [ 9.0 2 |6s3E+10] 456E-06) 0.8
Mid-Inner (3-Tube)|Invar36| 8.0 7.0 22 |LALE+11]  5.89E-06 0.23
IInner (2-Tube)| 6061-Al| 6.0 4.0 22 |6.83E+10| 9.13E-06 0.36
———————— Ilnner (1Rod) |Invar36| 3.0 0.0 24 |LA41E+11) 1.07E-05 0.42
Rod Pre-Stretch 0.0017|inches 4.21E-05 1.66

@ RADIATOR

MLI
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Results: CAD Model

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Results: Thermal Analysis (ON/OFF States at 0.01W)

ON Conductance = 0.01 W/ 0.01 C =1 W/K OFF Conductance = 0.01 W/ 5.68 C = 0.0018 W/K

Fixed Temperature
(0C)

Fixed Temperature
(0C)

Heat Source

Heat Source ——— 001 W

0.01 W

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Results: Thermal/Deflection Analysis (ON State 1W)
ON Conductance = 1/0.73 = 1.4 W/K : Deflectlvn'GN-(lee-trrBT-—OﬁC).Wﬂ‘IZS mm

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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OFF Conductance = 0.01/5.99 = 0.0017 W/K

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Results: Prototype Unit Piece Parts

® Mid-Inner Tube-1

@ Inner Tube (Invar 36)
(6061 Al)

@ Mid-Inner Tube-2

(6061 Al)  ® Mid-Outer Tube-1
(Invar 36)

® End-Piece
(6061 Al)

® Inner Rod
(Invar 36)

NOTE: ® Outer Tube-2 with Flange (6063-Al) Not Shown
Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Results: Prototype Unit Fully Assembled

Miniaturized Reverse-Operation DTE Thermal Switch (Mini-ROD-TSW)
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Publications and References

Mini-ROD-TSW Related Presentations/Papers

(URS approved; from slide show mode double click to open PPTX files; from normal mode double click to open DOCX file)
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Thermal Toolbox Elements
for Lunar/Planetary
Extreme Environments

D. Bugby, J. Rivera
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