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Outline

• PROJECT: PALETTE PRR for LuSEE-Night is a FY23-24 NASA GCD follow-on project to FY20-23 

NASA GCD PALETTE project, which developed new thermal tools for extreme environments. One of 
those tools is an affordable, two-piece (radiator + reflector) parabolic reflector radiator (PRR).

 
• MISSION: In 2026, a CLPS lander will carry LuSEE-Night to a 20 S lunar farside site. From that RF-

quiet location, it will perform radio astronomy (21 cm cosmology) for 24 lunar day/night cycles (2 Earth 
years). A daytime surface temp of 385 K and a side-facing radiator view necessitate a PRR.

• TEAMS: University of California, Berkeley Space Sciences Laboratory (SSL), Brookhaven National 

Laboratory (BNL), Jet Propulsion Laboratory (JPL). LuSEE-Night mission jointly funded by NASA SMD 
and DOE Office of Science. PALETTE PRR for LuSEE-Night project funded by NASA STMD/GCD.

• ROLES: UCB/SSL and BNL to produce the LuSEE-Night instrument, which includes the flight PRR 

radiator plate. JPL to produce 9 flight PRR reflectors that mate with PRR radiator plate to form the 
flight PRR. JPL also responsible for design/build/test of a (1/9th full-size) subscale PRR.

Project Start to Flight Hardware Delivery in Just 10 Months (Aug 2023 → June 2024)

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Outline

For a side-facing radiator on a hot lunar surface, the parabolic reflector radiator (PRR) provides a 
low sink temperature by reflecting away a large fraction of lunar surface IR. An affordable PRR design 

was developed on PALETTE that is being adapted for the PALETTE PRR for LuSEE-Night Project.

(a) PRR Rationale (b) PRR Concept (c) PRR Design (d) PRR Fabrication 

(e) PRR for LuSEE-Night Thermal Balance Diagram
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Thermal Architecture Features
(A) Internal Housing
(B) External Housing
(C) Tension Cables
(D) Variable Conductance Thermal Link
(E) Spacerless MLI
(F) Thermal Isolators
(G) Radiator (PRR)
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400 K Surface at Lunar Noon

Consider a CLPS lander at a low-latitude site that won’t survive lunar
night carrying a self-sufficient science payload (SP) designed by JPL for
multiple day/night operability due to on-board telecom, C&DH, overhead
solar panel, side-facing radiator, and enough batteries for nighttime
survival. If the noontime surface gets to 400 K, the minimum sink
temperature for a side-mounted radiator is (4004/2 + 04/2)0.25 = 336 K.
That means that everything inside the SP, even if you were to turn all the
power off, will warm to a steady-state temperature of 336 K (63 °C).

PROBLEM: How to reject heat during lunar day at a low-latitude site
with a side-facing radiator?

Lunar Science Payload Strategy

0 K Space Sink0 K Space Sink

400 K Surface
at Lunar Noon

Radiative Sink Temp (TS)
of Conventional Side-Facing 
Radiator Much Too High for

a Typical Science Payload
TS = (04/2 + 4004/2)1/4

= 336 K = 63 C

Subscale PRR Design, Build, Test (Vibe/TVAC)

Flight PRR Reflector Design, Build, Test, Deliver
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Full-Scale PRR (Flight Unit)
Large Rad Plate (LuSEE-Night)

9 Flight Reflectors (JPL)
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Subscale PRR (Test Unit)
1/9th Scale Rad Plate (JPL)
Single Flight Reflector (JPL)

Lander

Inner Box (IB)

PRR

ROD-TSW

mini-LHP

LuSEE-Night (LN)

Outer Box

(OB)

Ti64 Flexure Mounts

Q Parasitic = QP = SQ – QIB – QE

Q Instrument = QI = QIB

Q Environment= QE = (1 – R) QIR

Qmounts

QMLI,PRR back

QIB + QIB leak

QMLI,PRR sides

Qmounts

QIR

QPRR = SiQi

= hes(AF/f)(TR
4 – TS

4)

RQIR

(1-R)QIR

PRR Sink/Rad Temps
TS = [(SiQi - QIB)/{hes(AF/f)}]0.25

TR = [TS
4 + QIB/{hes(AF/f)}]0.25

AF = PRR frontal area

f = PRR knockdown factor

AF/f = PRR radiating area

~ 30 W

R = 0.95

~ 65 W

~ 0.6 W

~ 0.6 W

~ 5 W

~ 1 W

Estimates TS = 231 K, TR = 283 K
(assumes e = 0.9, h = 1.0, indicated Q estimates)

0.85 m2

2.32

0.37 m2

~ 15 W
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History

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 5

Outline

Chandrayan-1 M3 Instrument (used parabolic reflector radiator or PRR) Lunar Trailblazer HVM3 Instrument to Launch in 2024 (extends M3 range to 3600 nm; seems to be same PRR design)

ALSEP Experiments on Apollo Used PRRs (B-Lunar Surface Magnetometer and C-Solar Wind Spectrometer used D)

ideal 2W = H ratio is followed in the two 
purple lines, but fins are tilted while parabola 
may not be, which might impact performance

radiating fins tilted up by 15
(away from lunar surface)

W

H

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Requirements

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 6

Outline

Clarification at MRR of “analytically-linked to Flight PRR” made by D. Goggin that Subscale 

PRR vibe level should be adjusted (most likely increased) from the GEVS 14.1 grms level so 
that the Subscale PRR Reflector vibe environment matches that of the Flight PRR Reflectors.

JPL Structural SME Evaluation: above goal is NOT ACHIEVABLE by simply adjusting the 

GEVS 14.1 grms profile due to significant mounting constraint differences. For vibe test to have 
flight linkage, a larger radiator plate will need to be fabricated and tested. See Proposal B.

JPL Subscale PRR Vibe Test to Follow Variant of Quartus Proposal B

1JPL Unlimited Rights

• The dynamics of the subscale model and the flight model will not match
– The radiator constraints are outside the perimeter of the critical panel

– Cutting the radiator will change the radiators dynamic behavior

SUBS CALE MO D EL DYNAMI CS

Critical Panel of the Full-Scale Model (Mode #5) Subscale Model (Mode #1)

Critical Panel

Constraints shown in yellow

                 REQUIREMENT                           VERIFICATION

1. Lunar Latitude 20  S Farside (PRR tilted back 12 to avoid IR from N-to-S 10  upslope)  A

2. GEVS Protoflight (14.1 grms, Subscale PRR vibe analytically-linked to Flight PRR)   A, T*
3. PRR Sink Temperature   231 K (main performance goal***, with these heat leaks)   A, T*

4. Solar Flux 1400 W/m2 (12 below perpendicular, 1 rev/hour transit****)    A

5. Lunar Surface Temperature 385 K at Lunar Noon (90 K at night, regolith emissivity 0.95)  A, T*
6. Reflectors Electrically Grounded to Al Radiator Plate (R  1 k)     T

7. Meet LuSEE-Night (LN) Mechanical ICD (to be derived from jointly-developed drawings)  A, T**

8. Ensure that Aluminized Kapton Tape (AKT) Adheres to Aluminum 6061 Reflectors  T*****

9. Subscale PRR Vibe, TVAC Perf. Tests (Subscale PRR vibe analytically-linked to Flight PRR) T*

10. Flight Reflector Acceptance Tests (simplified due to reflector polishing)    T

* subscale unit only
** flight reflectors only
*** target only, not requirement
**** full trajectory + lunar orbital analysis not in plan
***** requirement eliminated due to polishing success

these

Lunar Surface Temperature 

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Trades

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 7

Outline

1. Applicability of the Subscale PRR RV test to the Flight PRR structural environment

2. Applicability of the Subscale PRR TVAC test to the Flight PRR thermal environment

Shaker

Reflector

Adapter Plate

Subscale Rad

Case 1

Shaker

Reflector
Subscale Rad

Case 2

Adapter Plate

Simulation Plate (no fins)

Shaker

Reflector
Simulation Radiator (fins)

Case 3

Adapter Plate

= Force Limiting Washers

1JPL Unlimited Rights

• The goal is to check the validity of case 2 

• A finite element model was created for both case 2 and 
case 3

• The force washers and adapter plate were explicitly 
modeled as well

OVERVIEW

Case 2 Case 3

Quartus Modeling Results
Indicate Case 2 is Acceptable

Case 1: PRR Reflector bolted to Subscale Radiator Plate bolted to Adapter Plate not acceptable (see embedded object above)
Case 2: PRR Reflector bolted to Subscale Radiator bolted to Simulation Plate bolted to Adapter Plate acceptable (see embedded object below)
Case 3: PRR Reflector bolted to Simulation Plate bolted to Adapter Plate acceptable (see embedded object below)

Subscale PRR RV Test Trade Study
Key Question: Given that Case 1 is not acceptable and the Quartus recommendation is Case 3 (see Proposal B in this slide 
package), is Case 2 an acceptable alternative to Case 3, which would then allow direct TVAC testing of the Subscale PRR?

1JPL Unlimited Rights

• The dynamics of the subscale model and the flight model will not match
– The radiator constraints are outside the perimeter of the critical panel

– Cutting the radiator will change the radiators dynamic behavior

SUBS CALE MO D EL DYNAMI CS

Critical Panel of the Full-Scale Model (Mode #5) Subscale Model (Mode #1)

Critical Panel

Constraints shown in yellow

Subscale PRR TVAC Test Trade Study
Key Question: What IR plate temperature should be utilized during TVAC testing to properly simulate the lunar environment?

270 cm x 360 cm
TRAD = 329.7 K

90 cm x 120 cm
TRAD = 316.5 K

900 cm x 1200 cm
TRAD = 334.3 K

2700 cm x 3600 cm
TRAD = 336.0 K

400 K

e = 1.0

400 K

e = 1.0

400 K

e = 1.0

400 K

e = 1.0

270 cm x 360 cm
TRAD =  312.9 K

90 cm x 120 cm

TRAD =  299.4 K

900 cm x 1200 cm
TRAD =  318.0 K

2700 cm x 3600 cm
TRAD =  318.8 K

380 K

e = 1.0

380 K

e = 1.0

380 K

e = 1.0

380 K

e = 1.0

270 cm x 360 cm
TRAD = 317.1 K

90 cm x 120 cm
TRAD = 303.8 K

900 cm x 1200 cm
TRAD = 321.4 K

2700 cm x 3600 cm
TRAD = 322.9 K

400 K

e = 0.85

400 K

e = 0.85

400 K

e = 0.85

400 K

e = 0.85

270 cm x 360 cm
TRAD =  302.2 K

90 cm x 120 cm
TRAD =  288.4 K

900 cm x 1200 cm
TRAD =  305.5 K

2700 cm x 3600 cm
TRAD =   306.6 K

380 K

e = 0.85

380 K

e = 0.85

380 K

e = 0.85

380 K

e = 0.85

385 K, e = 0.95
TRAD = 320.0 K

Target TRAD

To hit the target TRAD of 320 K, IR Plate temperature must be 421 K (148 C)

421 K, e = 0.85
TRAD = 320.0 K

TIR,PLATE for Target TRAD
Radiator
Plate Size

Fixed at
Subscale
PRR Size

H = 28.4 cm
W = 33.3 cm

Primary IR Plate
Size Variation

from TVAC Size
(90 cm x 120 cm)
to 900X TVAC Size

(27 m x 36 m)

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Design

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 8

Outline

Subscale Radiator with 
0ne Reflector Installed
(0.3330 m x 0.2834 m)

Radiator with 9 
Reflectors Installed
(1.0 m x 0.8505 m)

One Reflector
(0.3330 m x 0.2834 m)

Subscale Radiator
(0.3330 m x 0.2834 m)

Flight Radiator
(1.0 m x 0.8505 m)

Full-Scale PRR

Subscale PRR

Radiator with one 

Reflector Installed

One Reflector
(0.3330 m x 0.2834 m)

0
.8

5
0
5
 m

Al 6061 Reflector Mass*
mREFL-Subscale = 0.26000 kg
mDAM-Subscale = 0.02645 kg
m9Xscrews-Subscale = 0.00450 kg
mTOTAL-Subscale = 0.29095 kg
m9X-REFL = 2.34000 kg
m9X-AKTape (3 mil) = 0.23805 kg
m81X-screws = 0.04050 kg
mTOTAL-Flight = 2.61855 kg

* 0.8 mm blade thickness (no deflection
  reducing enhancements to cross-section)

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Design (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 9

Outline

Full-Scale PRR

Subscale PRR RV/TVAC Test Units

PRR Reflector, Subscale Radiator

Primary IR Plate (90 cm x 120 cm x 0.635 cm)

Ultem Spacers

Not Shown: Ultem spacers between B/S IR Plate and Subscale PRR

Subscale PRR

Subscale PRR

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 10

Outline

Development activities during this evolving flight project included the following areas of investigation: 
(1) Reflector Material; (2) Reflector Coating; (3) Manufacturing Method; (4) Electrical Grounding. 
The results of those developmental activities (test and/or analysis) are summarized in the table below.

Reflector Material Reflector Coating Manufacturing Method Electrical Grounding Main Advantage(s) Main Drawback(s) Design Decision

Ultem 1010 AKT 3DP Modified AKT PALETTE Heritage High 3DP FOS, High CTE Not Selected

Ultem 9085 AKT 3DP Modified AKT PALETTE Heritage High 3DP FOS, High CTE Not Selected

Ultem 1000 AKT CM Modified AKT No 3DP Safety Factor High CTE Not Selected

Ultem 2300 AKT CM Modified AKT Al-6061 CTE Match CM Cost/Schedule Not Selected

Ti64 AKT, VDA/G, Polished 3DP Coating Dependent High Strength High Mass Not Selected

Al-6061 AKT, VDA/G, Polished 3DP Coating Dependent Intrinsically Conductive 3DP Complexity Not Selected

Al-6061 AKT, VDA/G, Polished CM Intrinsically Conductive Intrinsically Conductive None Selected

PRR Reflector Design Decision:

Conventionally machined Al-6061 with hand-polished 2 microinch finish as a fabrication target

(see next 2 slides for more information on this target surface roughness and its efficacy)

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Development (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 11

Outline

If the wavelength of incoming light is much larger than the RMS surface roughness, reflections will be primarily specular

Solar UV: Effective Temp of 5778 K Lunar IR: Surface Temp of 400 K

RMS Surface

Roughness

Incoming UV or IR

Absorbed

Specularly-Reflected

Diffusely-Reflected

The ideal PRR Reflector will have …
1. low absorptivity to UV low alpha
2. low absorptivity to IR low emissivity
3. high specular reflectivity to IR IR wavelength >> roughness
4. low diffuse reflectivity to IR IR wavelength >> roughness
5. high diffuse reflectivity to UV UV wavelength ~ roughness
6. low specular reflectivity to UV UV wavelength ~ roughness

Wavelength

3-20 microns

Wavelength

0.2-3 microns

Target: 2 micro-inch surface finish = 0.05 micron

Fine enough to be good IR specular reflector

Not fine enough to be good UV specular reflector

© 2024 California Institute of Technology. Government sponsorship acknowledged.

Cover



jpl.nasa.gov

Development (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 12

Back to Slide 23

© 2024 California Institute of Technology. Government sponsorship acknowledged.

Impact of surface roughness on specularity for He-Ne laser (0.63 microns) linearly scaled to lunar surface IR wavelengths

3m  0.05        0.15     0.5        5        50

  9m  0.15     1.5      15      150

20m  0.30     3.0      30      300

0.63m

Lunar IR: Surface Temp of 400 K

Wavelength

3-20 microns

3/0.63 ~   5x

9/0.63 ~ 15x

20/0.63 ~ 30x

CONCLUSION: although target surface roughness 
for flight PRR reflectors is 0.05 m (2 -in), this 
curve shows that PRR reflectors will likely have a 
specularity of ~ 1.0 if their surface roughness is 
0.15 m or less. As will be seen later, this fact will 
be important given the Acceptance Test results for 
the flight PRR reflectors.

Outline

Cover
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Analysis

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 13

Outline

Lander

Inner Box (IB)

PRR

ROD-TSW

mini-LHP

LuSEE-Night (LN)

Outer Box

(OB)

Ti64 Flexure Mounts

Controlled by JPL: R, f
Controlled by UCB: Everything except R, f

Qmounts

QMLI,PRR back

QIB + QIB leak

QMLI,PRR sides

Qmounts

QIR

QPRR = SiQi

= hes(AF/f)(TR
4 – TS

4)

RQIR

(1-R)QIR

PRR Sink/Rad Temps
TS = [(SiQi - QIB)/{hes(AF/f)}]0.25

TR = [TS
4 + QIB/{hes(AF/f)}]0.25

AF = PRR frontal area

f = PRR knockdown factor

AF/f = PRR radiating area

~ 30 W

R = 0.95

~ 65 W

~ 0.6 W

~ 0.6 W

~ 5 W

~ 1 W

Estimates TS = 231 K, TR = 283 K
(assumes e = 0.9, h = 1.0, indicated Q estimates)

0.85 m2

2.32

0.37 m2

~ 15 W

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 14

Outline

LN2 Shroud at 100 K

Test Article Support Table

IR Plate at 421 K (90 cm into page x 120 cm x 6.35 mm thick)

Ultem 1010 Bracket
Ultem 2300 Standoffs (150 mm x 25.4 mm, 4X)

Subscale PRR (lower right corner positioned at upper left corner of IR plate)

Thermal Isolators (total conductance = (1/9)(0.03) = 0.00333 W/K) + Subscale PRR MLI (20 layers)

MLI (20 layers)

Back/Side
IR Plates at

323 K

MLI (20 layers)

Assembly

• 24 rigid attach points to LuSEE-Night structure 

(see blue circles)

• 81 screw-on attach locations for 9 PRR reflectors 

(low-profile head M2.5 screws; see red circles)

Materials

• PRR radiator plate: 6061 Al

• PRR reflector: 6061 Al

Environment

• GEVS Proto-Qual 14.1 Grms

Full-Scale PRR Thermal Analysis Guidelines Subscale PRR Thermal Analysis Guidelines 

Subscale PRR Structural Analysis Guidelines Full-Scale PRR Structural Analysis Guidelines 

Slope Acceleration

FREQ(Hz) ASD(G
2
/Hz) dB/OCT Grms

20 0.026 * *

50 0.160 5.97 1.58

800 0.160 0.00 11.07

2000 0.026 -5.97 14.14Sun at Lunar Surface
(20 S Lat, Lunar Noon)

70 deg

2
0

 d
eg

Sun During Transit
(Direct Solar)

Sun at Lunar Surface
(20 S Lat, Lunar Noon)

70 deg

2
0

 d
eg

Sun During Transit
(Direct Solar)

Lander Deck (400 K Boundary)

Lunar Surface (400 K Boundary … Very Large Surface)

LuSEE-Night (323 K Boundary)

Full-Scale PRR

(MLI Around Sides/Back)

In-Transit Configuration

Ensure Deck is Positioned Parallel to and 
at Proper Height Above the Lunar Surface

1400 W/m2

Periodic Sun @ 1 Rev/Hour

Assembly

• 9 screw-on attach locations to support structure 

(see black circles)

• 9 screw-on attach locations for each PRR reflector 

(low-profile head M2.5 screws; see purple circles)

• 4 old/unused PRR reflector to radiator attach points 

(see red circles)

Materials

• PRR radiator plate: 6061 Al

• PRR reflector: 6061 Al

Environment

• GEVS Proto-Qual 14.1 Grms

Analytical Linkage to Full-Scale PRR

• See Testing section later in paperFull-Scale PRR Radiator Plate (View of Back Surface) Subscale PRR Radiator Plate (View of Back Surface)

Analysis Guidelines Provided to Quartus Engineering

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Analysis (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 15

Outline

Analysis Results Provided by Quartus Engineering

15JPL Unlimited Rights

Group ID Component Material
Fty Ftu FSy FSu

RV X - Max 

Stress

RV Y - Max 

Stress

RV Z - Max 

Stress

Random X

MSy

Random Y

MSy

Random Z

MSy

Random X

MSu

Random Y

MSu

Random Z

MSu

1 Reflectors AL6061-T6 241E+6 290E+6 1.25 1.40 45.8E+6 159.2E+6 34.2E+6 3.21 0.21 4.65 3.51 0.30 5.05

RAND O M V I BRATI ON – REF LECTO R

Pa

Critical region is the edge of the 
reflector near the constraint

*Most critical panel shown

Outline

Full-Scale PRR Thermal Analysis Results Subscale PRR Thermal Analysis Results

Subscale PRR Structural Analysis ResultsFull-Scale PRR Structural Analysis Results 

15JPL Unlimited Rights

Group ID Component Material
Fty Ftu FSy FSu

RV X - Max 

Stress

RV Y - Max 

Stress

RV Z - Max 

Stress

Random X

MSy

Random Y

MSy

Random Z

MSy

Random X

MSu

Random Y

MSu

Random Z

MSu

1 Reflectors AL6061-T6 241E+6 290E+6 1.25 1.40 45.8E+6 159.2E+6 34.2E+6 3.21 0.21 4.65 3.51 0.30 5.05

RAND O M V I BRATI ON – REF LECTO R

Pa

Critical region is the edge of the 
reflector near the constraint

*Most critical panel shown

Outline

Center PRR Reflector Peak Stress in Y-Direction 159E6 MPa vs 241E6 MPa Allowable (FTY): Margin 0.21 (All Other Margins >> 1) PRR Reflector Peak Stress in Y-Direction 52E6 MPa vs 241E6 MPa Allowable: All Margins >> 1

Analysis Results Hot Op Sink Temp Cold Op Transit 1 Rev/Hr

Radiator Min (K) 268 223 172 194

Radiator Max (K) 269 224 172 197

Reflector Min (K) 268 223 171 195

Reflector Max (K) 272 229 172 209

Model Inputs

Lunar Surface (K) 400 400 100 n/a

Lander Deck (K) 323 323 100 273

Instr. Structure (K) 323 323 253 273

Heat Load (W) 80 15.8 12 0

Radiator Tilt 0 0 0 12

PRR Refl. Emissivity 0.05 0.05 0.05 0.05

Analysis Results Hot Op Sink Temp

Radiator Avg (K) 285 226

Model Inputs

Primary IR Plate (K) 421 421

TVAC Shroud (K) 100 100

B/S IR Plate (K) 323 323

Heat Load (W) 10.2 1.7

Radiator Tilt 0 0

PRR Refl. Emissivity 0.05 0.05

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Fabrication

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 16

Outline

Subscale PRR Fabrication (JPL Fully Responsible for Subscale PRR Fabrication)

Conventionally 
machine finned 
Al radiator plate

Machine Alum 
6061 parabolic 

reflector

Hand-polish 
Alum 6061 
reflector

Coat exposed fin 
area with low a/e 

white paint

Test for Parabolic 
Shape, Surface 

Roughness

Conventionally 
machine finned 
Al radiator plate

Machine Alum 
6061 parabolic 

reflectors

Hand polish Alum 
6061 reflectors

Coat exposed fin 
area with low a/e 

white paint

Test for Parabolic
Shape, Surface 

Roughness

Flight PRR Fabrication (JPL Responsible for Flight PRR Reflector Fabrication Only)

Bolt Alum 6061 
parabolic refl. To 
Al radiator plate

Bolt Alum 6061 
parabolic refl. To 
Al radiator plate

see next slide

see next slide

UCB/SSL UCB/SSLUCB/SSL

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Fabrication

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 17

Outline

Completed PRR Reflector: Unpolished Surfaces Completed PRR Reflector: Polished Surfaces

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Testing

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 18

Outline

Subscale PRR Random Vibe (RV) Test Plan

Subscale PRR Thermal Vacuum (TVAC) Test Plan

Flight PRR Reflector Acceptance Test (AT) Plan

Goal → Match Vibe Environment
of Highest Stress Reflector (Center)

Details → Original 3-6 Cycle Test Abbreviated to 1 Cycle 
Due to Project Cost Constraints (Per/Cycle Values Below)

Subscale PRR Assembly
- Test PRR Reflector

- Subscale PRR Radiator Plate

Simulation
Plate

Force-Limiting
Washers

Table 3. Random Vibration Specification
GEVS ProtoflightFrequency

0.026 g2/Hz20 Hz

0.16 g2/Hz50 Hz

0.16 g2/Hz800 Hz

0.026 g2/Hz2000 Hz

14.1 grmsOverall

60 secDuration

Test Sequence

1. Force Sensor Cal. Run #1

2. Force Sensor Cal. Run #2

3. Pre-RV Sig. Survey (60 sec)

4. -12 dB RV (30 sec)

5. -6 dB RV (30 sec)

6. -3 dB RV (30 sec) 

7. Pre-0 dB RV Sig. Survey (60 sec)

8. Full Level 0 dB RV (120 sec*)

9. Post-RV Sig. Survey
*exceeded GEVS Protoflight duration

Goal → Measure PRR Sink Temp (TS) at Zero
Load, PRR Rad Temp (TR) at Flight-Like Load

Approach → Mount Subscale PRR on Simulation Plate, RV Test in Y-Direction Only

Details → Test Sequence, Low Level
Survey, GEVS Protoflight Definition

TIR Plate = 421 K
TInstrument Plate = 323 K
TLN2 Shroud = 100 K
QTS Measurement = 1.7 W*
QTR Measurement = 11.9 W**
* revised to 0.0 W during test
** revised to 8.1 W during test

Primary IR Plate (90 cm x 120 cm x 0.635 cm)

Ultem Spacers

Not Shown: Ultem spacers between B/S IR Plate and Subscale PRR

Approach → Mount Subscale PRR 
on 323 K Instrument Plate next to 

421 K IR Plate in 100 K LN2 Shroud
(conservative Instrument Plate temp)

Heat Load  Flight PRR  Subscale PRR
Instrument    65 W 65/9 = 7.2 W*
Parasitics 1   15 W 15/9 = 1.7 W*
Parasitics 2 8 W 8/9 = 0.9 W**
Environment 30 W 30/9 = 3.3 W**
TOTAL           113 W 113/9= 12.6 W
* Q from test heaters
** Q from test plates

Flight/Subscale PRR Excel Model
TS = 231 K ( -42 C)

TR = 283 K (+10 C)

Temp. Extreme (TE) TE testing → 3 cycles from 90 K to 330 K in Bemco (non-TVAC) test chamber
Reflectance* (RF) Before/after TE, RF measured on a flat side surface (RF  0.97, e 0.03, +/- 0.02)
Specularity* (SP) After each RF, SP measured on a flat side surface (SP  0.96, +/- 0.03)
Surface Shape** (SS) After each SP, SS measured using TBD procedure (needed only if parts are 3DP)
Elec. Resistance*** (ER) After each SS, ER measured from bottom right blade to top left mount (ER < 1 k) 
Adherence**** (AD) AD assessed after TE-cycled AKT test coupons (must pass tape AD test)
* RF, SP tests not required if AKT used (AKT properties already measured by JPL)
** SS test not required as parts are conventionally machined (CM) not 3D-printed (3DP)
*** ER test significantly more time consuming/costly if AKT is used (more test points required)
**** AD test eliminated if reflector hand polishing successful and AKT use unnecessary

Temp. Extreme (TE) TE testing → 3 cycles from 90 K to 330 K in Bemco (non-TVAC) test chamber
Reflectance* (RF) Before/after TE, RF measured on a flat side surface (RF  0.97, e 0.03, +/- 0.02)
Specularity* (SP) After each RF, SP measured on a flat side surface (SP  0.96, +/- 0.03)
Surface Shape** (SS) After each SP, SS measured using TBD procedure (needed only if parts are 3DP)
Elec. Resistance*** (ER) After each SS, ER measured from bottom right blade to top left mount (ER < 1 k) 
Adherence**** (AD) AD assessed after TE-cycled AKT test coupons (must pass tape AD test)
* RF, SP tests not required if AKT used (AKT properties already measured by JPL)
** SS test not required as parts are conventionally machined (CM) not 3D-printed (3DP)
*** ER test significantly more time consuming/costly if AKT is used (more test points required)
**** AD test eliminated if reflector hand polishing successful and AKT use unnecessary

Revised Plan*Original Plan

AD test eliminated due to 6061-Al polishing process (AKT unnecessary)

TE test eliminated as 6061-Al unaffected by temperature cycling 

ER test eliminated as 6061-Al is highly electrically conductive

RF, SP, SS tests modified to inspection by JPL QA that will measure
surface roughness and shape and compare to RV/TVAC test unit values

*project cost constraints were an additional issue in revising the scope of Acceptance Testing

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 19

Outline

Subscale PRR
(Unit 003)

Simulation Plate

Shaker Table

Force-Limiting
Washers (6)

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Testing (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 20

Outline

R1 Response 20-250 Hz

R3 Response 20-250 HzR2 Response 20-250 Hz

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Testing (cont’d)

30 July 2024 Development of a Parabolic Reflector Radiator (PRR) for the LuSEE-Night Mission 21

Outline

Primary IR Plate

(black anodize top, bare Al bottom)

IR Reflector Plate

(bare Al both sides + MLI)

Bracket

(Ultem 9085 + MLI)

Instrument Plate

(bare Al both sides + MLI)

Subscale PRR
Assembly

PRR

Reflector

Subscale

PRR

Radiator

Plate

(Bare Al + MLI)

Standoffs

(G-10)

Primary IR Plate Underside

(48 Dale-Ohm Heaters)

Dale-Ohm Heater

Instrument Plate Heaters

Subscale PRR
Radiator Plate Heaters

Subscale

PRR

Instrument

Plate

© 2024 California Institute of Technology. Government sponsorship acknowledged.
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Testing (cont’d)
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Outline

© 2024 California Institute of Technology. Government sponsorship acknowledged.

• Surface Roughness (SR) … surface roughness of reflecting side to be less than 0.05 m Ra
• Surface Shape  (SS) … deviation from perfect half-parabola to be less than +/- 0.125 mm
• Hole Assessment (HA) … location, size of nine through holes matches LuSEE-Night MICD
• Unit Dimensions (UD) … reflector width, height, thickness matches LuSEE-Night MICD

Flight PRR Reflectors: Acceptance Test Results

Unit Status Manufacturer SR (m) SS (uncompliant/total) HA UD
SN001 non-flight, no polish JPL 0.148** 241/1190 matches LN MICD matches LN MICD

   SN003* non-flight, polished George Spencer 0.064** 004/1190 matches LN MICD matches LN MICD
SN004 Flight, polished George Spencer 0.073** 000/1190 matches LN MICD matches LN MICD
SN005 Flight, polished George Spencer 0.106** 006/1190 matches LN MICD matches LN MICD
SN006 Flight, polished George Spencer 0.071** 000/1190 matches LN MICD matches LN MICD
SN007 Flight, polished George Spencer 0.095** 000/1190 matches LN MICD matches LN MICD
SN008 Flight, polished George Spencer 0.093** 003/1190 matches LN MICD matches LN MICD
SN009 Flight, polished George Spencer 0.080** 000/1190 matches LN MICD matches LN MICD
SN010 Flight, polished George Spencer 0.153** 000/1190 matches LN MICD matches LN MICD
SN011 Flight, polished George Spencer 0.081** 004/1190 matches LN MICD matches LN MICD
SN012 Flight, polished George Spencer 0.140** 000/1190 matches LN MICD matches LN MICD
SN013 Flight, polished George Spencer 0.126** 000/1190 matches LN MICD matches LN MICD

* RV/TVAC Test Unit                                                                                                                                                                                                                                                                                                                                            
** greater than 0.05 m Ra but will still perform as required based on Slide 13                                                                                                                                                    Slide 12
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Outline

© 2024 California Institute of Technology. Government sponsorship acknowledged.

• Flight PRR for LuSEE-Night conceptualized/designed/analyzed

• Analysis indicated that < 231 K sink temperature goal achievable

• Subscale PRR (subscale radiator plate + PRR reflector) designed/built

• Subscale PRR RV test assembly designed/built

• Subscale PRR TVAC test assembly design/built

• Subscale PRR RV test completed successfully
➢ notching at 1st mode frequency of 140 Hz

➢ notching should be implemented in flight system RV test

• Subscale PRR TVAC test completed successfully
➢ measured sink temperature of 239 K fell just short of 231 K goal

➢ impact to LuSEE-Night expected to be easily tolerable (click here )

• Flight PRR reflectors were shipped to JPL by GSC in late May 2024

• Acceptance tests completed in one week followed by precision cleaning

• PRR reflectors arrived at UCB/SSL (LuSEE-Night) on 7 June 2024

• Consulting support for LuSEE-Night integration to end of FY24
➢ depends on availability of funding

• Project to conclude at the end of FY24

here

PRR Reflectors
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