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Sub-System Overview
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Sub-System Requirements

 The temperature difference between two spin motors in a spin motor
pair shall be 8 C or less at spin motor firing.

 Note: The hardware may be capable of operating at more extreme
temperatures, but its performance may not be verified.

Summary of the temperature requirements for the spin motor sub-system:

Allowable Flight Temperature (°C) Qualification Temperature (°C)
Operational Nonoperational Operational Nonoperational
Component Min Max Min Max Min Max Min Max
Spin Motor -39 54 -39 54 -54 74 -54 74
Top Deck -43 64 -43 88 -58 84 -58 108
Fibrous Insulation -45 730 -45 730 -60 750 -60 750
Insulation Encapsulant -45 730 -45 730 -60 750 -60 750
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Ground Testing

* Ground testing was
performed by the spin
motor supplier.

* Spin motors were chilled
overnight prior to testing.

* Spin motors were
instrumented with
thermocouples.

Photos Courtesy of Nammo Talley, Inc

Spin motor test setup: a) before firing
b) during firing
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Model Calibration

5 time-varying heat loads are applied to different segments of the
thermal model and calibrated so that the modeled temperature
response matched the test firing data as closely as possible.
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Plume Heating Predictions

 The CFD code Loci-Chem 3.2 was
used to model the plume
impingement flow field and for
both spin up and spin down
motors.

Selected CFD simulation results: a) mach contour for the spin up plumes b) mach contour for
the spin down motor plumes c) heat flux contour on the spin motor case, bridle, and top deck.
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TPS Temperature Response

 Simple textbook equations can be used to predict peak surface
temperature of the fibrous insulation and metallic plume sheilds.

e Steady state energy balance
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Predicted Flight Temperatures
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Soak Back Predictions

 The primary concern was that motor soak back might cause the top
deck to exceed its AFT.
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Conclusion

* All components are predicted to meet their temperature requirements.

* Test data from the first test flight indicates that the components met or
exceeded thermal requirements in the first flight.
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