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Contour Plot of Apogee vs Material Density, Propellant Tank Size

<+ Morgan State University (MSU) received a grant award last Analysis of Variance
year from BASE 11 to build and launch a Liquid Propellant v ﬂ Source DF_Adj SS Adj MS F-Value P-Value

Transit, Operations, Model 6 1160416 193403 231.321 0.000
Development & Maintenance Linear 6 1160416 192403 231.21 0.000

Rocket (LPR) and develop the first Aerospace and Rocketry Shape 1 737022 737022 88148  0.000

Material Density 2 353128 176564 211.17 0.000

P rog ram (ARP) at an H B C U . Requirements | Test & Nose Cone Length 1 3823 3823 457  0.041

Engineering/Analysis | Evaluation Nose Cone Diameter 2 66442 33221 39.73  0.000

Material Density
"

Error 29 24247 836
Total 35 1184663
+ Designing and printing 3D-Models before the actual fabrication Architecture ﬂ integration ﬂJ
. . Surface Plot of Apogee vs Nose Cone Length, Shape
of the rocket allows students and staffs to create high-quality The Reliability Analysi

Method can be insterted System Design

prototypes, run simulations, and efficiently identify errors in both = R,
dimensions and designs. [y — e e |
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+ Reliability and validity plays a vital role for consistency and E,:M . e
accuracy of the experiment during the design and simulation
phase of the rocket.

<+ From the simulated result, the highest apogee of 17,975ft was
achieved at LPR nose cone of 35 inches, 88 inches airframe
length, 15 inches propellant tanks, and carbon fiber material.

<+ Analysis of Variance (ANOVA) results showed both material
density, airframe length and propellant tank size are significant
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< A \‘: T | i 'S factors on apogee as well as the height of the nose cone.
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Nose Cone Helium Tank

% Reliability analysis method was applied in product development process
(design and modeling process of the LPR).

% Design for reliability approach is used to analyze and determine the major
inner (e.g., GPS, DAQ) and outer components (e.g., nose cone, airframe).

% To design and model the necessary components of the external ‘- ‘ ‘ , ? ’ - % Simulation analysis and the factorial design were performed to get the
and internal parts of the rocket - 1 best design setting of material selection, and to assure the mission

_ _ _ reliability achieve the design requirement of at least 13,000 feet of the
< To check the consistency and effectiveness of the designed LPR LPR apogee.
when placed under the same environment and circumstances

during simulation. ' 7 Reserences

< To analyze how the factors (e.g., airframe length, propellant

tanks size, and material density) affects the LPR’s performance. | | o - - Newton, M. (2014) Rocket Anatomy 101. Rocketry Basics. o |
. Nilsen, C., Meyer, S., & Meriam, S. (2019). Purdue Liquid Oxygen-Liquid Methane Sounding

Rocket. In AIAA Scitech 2019 Forum (p. 0614).
. Wang, Z. G. (2016). Internal combustion processes of liquid rocket engines: modeling and
OXIDIZER numerical simulations. John Wiley & Sons.
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