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Background | Thermal Analysis | Vibrational Analysis

» Personnel in space are exposed to high-energy neutrons Pu rpose
« The amount of exposure that a human may be exposed to in

_ SRR , _ - Derived equations from Rejected Direct Sunlight » Risk of fiber resonance due to scintillating fibers being mounted
these environments is a limiting factor in space exploration energy balance eg Heat (g) (as) to shims on both ends
» NASA will attach a neutron spectrometer to the International e | ‘ _ O— . . . .
Space Station (ISS) to meaSLlljre and record the quantity and . Absorptivity («) from the If crazing occurs, then light in the fiber may be lost _and
trajectory of neutrons to develop a safety exposure limit Sun’s radiation is greater Radiation S (6 measurements from the spectrometer may become inaccurate
) ) than the absorptivity E:f"; arth Optical Fiber
Objective and Approach from Earth’s radiation i A
- Analyze thermal, vibrational, and structural loads that the * Aluminum 2024 has an l
spectrometer’s transportation and operating environment present em'S_S'V'tY (¢) of 0.09 Microbend acroben
- Design a housing for the neutron spectrometer to ensure its » Sun is black body W/ a [ b
functionality solar flux of 1418 — o ql: at Which Are;
* Analyze and report the expected impact that the housing will » Earth releases an average infrared radiation flux of 237 — which Lfr,:,r‘.{:f;.t - g s
have on the neutron spectrometer survivability m ' - Light s
fluctuates + 21 —2 Lost From

Design Criteria « Mass of housingnils 10.767 kg Foer

» Spectrometer must maintain internal temperature between 15 oAt G A+ g ALTA
and 45°C to ensure functionality T(s) = AelGeA+AsGsA+Qqipedo—ETAsTs t+ T. Microbends and macrobends
 Housing shall withstand combined loading scenarios ranging from Types of Vibrations

+8.5 to -4G of axial and 3G of lateral acceleration L .
- Prevent fiber craze by designing against natural resonance ~ (FacingtheSun  NotFacingtheSun  Data from SpaceX’s guide on the Falcon 9 rocket indicate that

» Housing will utilize the least amount of material possible there are 3 vibrati_onal_force sources: Sinusoidal, aeroacoustics, and
random booster vibrations
Key « The random & aeroacoustics vibrations have little impact because:

1) Bolt for housing o Random \_/lbra_tlons_are attenuate_d by $p§ceX | |
2) Proposed housing : o The housing is designed so that it minimizes the risk of failure

w . ey e The sinusoidal vibrations, which occur from 20 to 100 Hz pose the
3) “Light Tight /

Insulating container

greatest threat
4) Fiber network ‘
w/supporting shims |
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 Final maximum temperature is 128.7°C
 Final minimum temperature is -77.83°C

HOUSin DESi n DECiSiOﬂS I « The Multi-Layer Insulation (MLI) blocks 96% of radiation

1. Fastening Solution: Partially threated bolts \ ] MLI slows radiation process down by 6 times

2. Housing Type: Fully Encapsulated This analysis is only for aluminum 2024 and doesn’t account for the
3. Housing Material: Aluminum 2024 extra time it would take for the inside of the housing to change

polystyrene wrap
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4. Machining Parameters: temperature Proiect Conclusion
a) .5mm filleted edges & corners  Another temperature controlling device is needed, MLI is not an rroject Lonciusion
b) 7.5mm wall thickness independent solution » From the preliminary SpaceX data and analyses conducted upon

the neutron spectrometer and its housing, a full-scale prototype is

 Reflective material can help reduce radiation effects
recommended for future work

c) 80mm tapped holes



