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Tutorial Introduction

Thermal Technology Development for the ARTEMIS Initiative

OBJECTIVE: To develop a passive thermal management 

system for future JPL lunar surface science instruments.

INSTRUMENTS: This project targets magnetometers, 

seismometers, and IR spectrometers.

APPROACH: Five key “thermal toolbox” elements were 

combined into a single thermal management system:

❑ Dual nested thermally-switched enclosures supported by 

Kevlar tension cables (KTC);

❑ Parabolic reflector radiators (PRRs) that attain a low radiative 

sink temperature even at lunar noon at low lunar latitudes;

❑ Ultra-low effective emissivity (e*) “spacerless” MLI that 

minimizes lunar night radiative heat losses;

❑ Ultra-low conductance (G) polymer-KTC thermal isolators that 

minimize lunar night conductive heat losses;

❑ Additional thermal features necessary for the three instrument 

types or instrument suites combinations resulting therefrom.

ARTEMIS = Architecture of a Thermal Enclosure for Moon Instrument Suites
TASK1: Thermal Technology Development for the ARTEMIS Initiative (ARTEMIS-T)
TASK2: Magnetometer Technology Development for the ARTEMIS Initiative (ARTEMIS-M) 

H = N h
N = number
of PRR elements
h = height of one
PRR element
w = width of one
PRR element
h = 2 w so end of
PRR radiating
element is at
focal point of
parabola
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TE4: Low G Thermal Isolators

Low Conductance (G) Thermal 
Isolators Using Various Approaches
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TE4: Low G Thermal Isolators

Low Conductance (G) Thermal 
Isolators Using Various Approaches
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Kevlar Tension Cable
(KTC) Support Systems
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Dual Nested Housings

Ultra-Low e* Spacerless
Multilayer Insulation (MLI)

Ultra-Low G Polymer-KTC
Thermal Isolators

Instruments
Electronics
Batteries

Radio

Advanced Thermal
Switching Devices

(ROD-TSW + Mini-LHP)

Lunar Thermal Challenges
- Daytime highs of > 130 °C
- Days that last 15 Earth days
- Nighttime lows of < -200 °C
- Nights that last 15 Earth days
- Solar/battery power only
- No radioisotope heat/power



Problem Description

Thermal Technology Development for the ARTEMIS Initiative

Science Payload Thermal Control in Extreme Environments

Rover
Lander
Orbiter
Flyer

Airship

Science

Payload (PL)

253-313 K

Moon (100-380 K, Vac)
Mars (148-293 K, Non-Vac)
Europa (53-113 K, Vac)
Titan (90-94 K,     Non-Vac)
Io (105-123 K, Vac)
Venus 70-30 km (173-473 K, Non-Vac)

We want to use 
one of these ...

Carrying one or 
more of these …

To operate and stay within temperature limits, 
in Extreme Environments such as these …

Using a thermal control 
architecture that is … 

Low Power
Lightweight

Passive
Compact
Reliable

Affordable
Radioisotope-Free

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

RADPL

CARRIER
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3
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ENV

UV + IR
4 – LOW CONDUCTANCE THERMAL ISOLATORS

1 – PASSIVE THERMAL SWITCHING SYSTEMS

2 – LOW SINK TEMPERATURE RADIATORS

3 – LOW EFFECTIVE EMISSIVITY MLI

EXTREME
ENVIRONMENT

THERMAL
TOOLBOX     



Methodology

Thermal Technology Development for the ARTEMIS Initiative

1. Design/build breadboard test articles, conduct tests 
to verify each of the new “thermal toolbox” elements

a) Thermally-switched enclosures
b) Parabolic reflector radiators (PRRs)
c) Ultra-low e* “spacerless” MLI
d) Ultra-low G thermal isolators

2. Assemble database of thermal requirements and 
design information on the targeted instruments

a) Magnetometers
b) Seismometers
c) IR Spectrometers

3. Apply new thermal toolbox elements to develop 
specific designs for targeted instruments/suites

a) Magnetometers
b) Seismometers
c) IR Spectrometers

4. Carry out test demonstrations of the technology
a) Magnetometers (JPL Scalar Vector Helium-SVH)

This is a FY22 activity.

TE7: Low G Feedthroughs

Methods for Reducing Instrument 
Feedthrough/Aperture Heat Loss

SOLAR PANEL

DEPLOYABLES

ANTENNAE

A
P

E
R

T
U

R
E

S

C
A

R
R

IE
R

Combine Low k Materials, Long Lengths, 
Optimized Routing to Reduce Heat Leaks

In addition to defining instrument components
and temperature requirements, focus is also on
defining number, type of protrusions through
MLI due to apertures, antennae, deployables,
solar panels, carrier interfaces, etc.

Planned thermal vacuum chamber tests
with liquid nitrogen shroud discontinued
due to PALETTE NASA/GCD award
and its very similar task structure. In
March of 2020, ARTEMIS-T changed
course from a tech-dev project to an
Instrument Accommodation project
(see 3). Tests completed by PALETTE.

New ARTEMIS-T Instrument Accommodation or
ARTEMIS-T-IA work thrust involves approximate
packaging of lunar magnetometer, seismometer,
IR spectrometer payloads into a 30 cm cube
enclosure. HAVEN is a NASA PRISM proposed
platform modified for this effort.



Results: Thermally-Switched Enclosure

Thermal Technology Development for the ARTEMIS Initiative
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OBJECTIVE: Design, build, and test a thermally-switched enclosure test article and testbed.
SETUP: 5” Al cube with thermal switch/strap connection to 10” Al cube with thermal switch/strap
connection to radiator. Radiator views bottom of 15” Al cube. 15” Al cube cooled by LN2 shroud.
PROCEDURE: Shortcuts taken to save time. No shroud top to fit in TVAC. No MLI. 15” cube rested on
shroud bottom. Shroud at 190 K, Q = 1 W for cold case. Shroud at 300 K, Q =10 W for hot case.
ANALYSIS: TD thermal models created (post-test) to correlate to test data. Using e* = 0.07, 5” cube
predicted to run at 256 K in cold case and 331 K in hot case. Actuals were 256 K and 351 K.
RESULTS: Due to test-accelerating shortcuts, the heat loss flux was increased, thus KMM1 lunar night heat
loss flux computed to be 14 W/m2 vs. 6 W/m2 goal. With MLI (e* = 0.03), KMM1 would have met goal.

5” Cube, Thermal Switch 5” and 10” Cubes, Thermal Strap

10” and 15” Cubes 15” Cube Closed Up 15” Cube on Shroud

Key Measurable Metric 
KMM1 is the Lunar 

Night Heat Loss Flux 
qHEAT LOSS < 6 W/m2



Results: Parabolic Reflector Radiator (PRR)

Thermal Technology Development for the ARTEMIS Initiative

OBJECTIVE: Design, build, and test a parabolic reflector radiator (PRR) test article and testbed.
SETUP: PRR test article (12.7 cm x 12.7 cm frontal area with MLI on back) mounted upside down adjacent
to heated IR plate (50.8 cm x 38.1 cm) that simulates lunar surface IR. LN2 shroud surrounds setup.
PROCEDURE: Cold case only (no time for hot case), LN2 shroud cooled to 90 K, IR plate heated to 400 K, Q
to PRR 0, 1, 2 W, steady-state achieved at each power level.
ANALYSIS: Pre-test predictions carried out with 2 types of models … Excel Model -66.9 C at 0 W, -28.5 C at
1 W, -2.1 C at 2 W … TD Model -88.0 C at 0 W, -33.0 C at 1 W, 0.0 C at 2 W.
RESULTS: PRR steady-state temps: 0 W -55 C (218 K), 1 W -24 C (249 K), 2 W 0 C (273 K). Flat plate at 0 W
8 C (281 K). PRR KMM2a rad sink temp TS < 280 K easily achieved.
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Results: Ultra-low e* “Spacerless” MLI

Thermal Technology Development for the ARTEMIS Initiative

OBJECTIVE: Design, build, and test a low e* “spacerless” MLI test article and testbed.
SETUP: The test article has an 8 cm internal housing (IH) supported by Kevlar cables from a 15 cm external
housing (EH) with 6 MLI layers hung from the cables, and an Al plate + heater installed within the IH cube.
PROCEDURE: Cold case only (no time to run the hot case), LN2 shroud cooled to 90 K, Q = 0.3 W applied
to Al plate suspended within internal housing cube, small adjustments thereto until steady-state achieved.
ANALYSIS: Effective emissivity (e*) of MLI computed with the equation e* = (Q/AIH)/[s(TIH

4 – TEH
4)]. Based

on measured TIH, e* can be determined. If TIH = 346 K, e* = 0.005. If TIH = 257 K, e* = 0.020.
RESULTS: Actual Q = 0.27 W, TIH = 358 K, resulting e* = 0.0047. Thus, KMM3 achieved. Caveat: future e*
tests should use black IH, EH boxes instead of small internal heated plate.Design Testing

e* = (Q/AIH)/(s [TEH
4 – TIH

4)

Internal

Housing

External Housing

Spacerless MLI
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Cables

Low

Tension
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Q
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(EH)

(IH)

Key Measurable Metric 
KMM3 is the MLI 

Effective Emissivity
e* < 0.01



Results: Ultra-low G Thermal Isolators

Thermal Technology Development for the ARTEMIS Initiative

OBJECTIVE: Design, build, and test a low conductance (G) thermal isolator (TI) test article and testbed.
SETUP: Mount flat plate (see green below) to warm end of test article, mount another flat plate to warm
end of q-meter, mount cold end of test article to q-meter adapter plate and instrument as shown below.
PROCEDURE: Cool q-meter bottom to 92 K with LN2, and keep steady with BH. Vary MH to calibrate q-
meter. After calibration, add 0.1 W to TH, wait for steady-state. G = QQM/DT (QQM from calibration curve)
ANALYSIS: Get Q from calibration curve (QQM). For the purposes of explaining the process, guess QQM =
0.1 W. G = QQM/(TTI-H – TTI-C). If G = 0.001 W/K, then TTI-H = 190 K. If G = 0.0005 W/K, then TTI-H = 290 K
RESULTS: This test was not completed in the time available, although an all Ultem thermal isolator was
3D-printed. Two main options: 3D-printed and KTC-based. Both have analytical KMM4 G << 0.001 W/K.

LN2 Shroud

TVAC Chamber

NOT TO SCALE

MLI

Thermal
Isolator

Q-meter

TC
Locations

Heater
Locations

BH = bottom 
heater
MH = middle 
heater
TH = top 
heater

TI-H
TI-C

Adapter
Plate

Adapter
Plate

TE4: Low G Thermal Isolators

Low Conductance (G) Thermal 
Isolators Using Various Approaches
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Results: ARTEMIS-T Enclosure CAD Models

Thermal Technology Development for the ARTEMIS Initiative
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Results: Instrument/Suite Design Information

Thermal Technology Development for the ARTEMIS Initiative

Name

Items Comprised Within 

ARTEMIS-T-IA Internal Housing Basis for Science Instrument*

Size 

(U)

QON 

(W)

Mass 

(kg)

Day 

CONOPS Night CONOPS

DATA 

(bps)

ARTEMIS-T-IA-B LITMUS Electronics NPLP/LITMUS, PRISM/HAVEN 2.0 2.0 2.5 ON Survival 400**

ARTEMIS-T-IA-S Seismometer PRISM/LSP 1.0 3.0 1.0 ON ON + Survival 2400

ARTEMIS-T-IA-M Magnetometer PRISM/MILI 3.0 3.5 3.0 ON ON + Survival 50

ARTEMIS-T-IA-I IR Spectrometer PRISM/SILVIR 10.0 20.0 10.0 ON Survival 750

ARTEMIS-T-IA-SM Seismometer + Magnetometer PRISM/LSP+PRISM/MILI 4.0 6.5 4.0 ON ON + Survival 2450

ARTEMIS-T-IA-SI Seismometer + IR Spectrometer PRISM/LSP+PRISM/SILVIR 11.0 23.0 11.0 ON ON + Survival 3150

ARTEMIS-T-IA-MI Magnetometer+IR Spectrometer PRISM/MILI+PRISM/SILVIR 13.0 23.5 13.0 ON ON + Survival 800

** Radio will need to be upgraded from LITMUS Lithium UHF radio
   HAVEN = Hyper-isolative Autonomous Variable-conductance ENclosures
   LITMUS = Lunar Instrument Thermal Management Ultra-isolation System

* NPLP = NASA Provided Lunar Payloads
   PRISM = Payload and Research Investigations on the Surface of the Moon
   LSP = Lunar Seismic Package
   MILI = Magnetometer Investigation of the Lunar Interior
   SILVIR = Surface Imaging of Lunar Volatiles in the IR



Results: Instrument/Suite Packaging in 30 cm Cube

Thermal Technology Development for the ARTEMIS Initiative
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Results: PALETTE Technologies Used

Thermal Technology Development for the ARTEMIS Initiative
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h = height of one
PRR element
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element is at
focal point of
parabola

h
L

w

M
U

LT
IL

A
Y

E
R

 I
N

S
U

LA
T

IO
N

 (
M

LI
)LUNAR

INSTRUMENT
OUTER

ENCLOSURE
INTERFACE

T
H

E
R

M
A

L
S

T
R

A
P

IS
O

LA
T

IN
G

M
O

U
N

T
S

TE4: Low G Thermal Isolators

Low Conductance (G) Thermal 
Isolators Using Various Approaches
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TE4: Low G Thermal Isolators

Low Conductance (G) Thermal 
Isolators Using Various Approaches
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