Acceleron Aerospace Journal || AAJ.11.2106-2322
Volume 1, Issue 5, pp (104-105)

E-Letters

ISSN- 2583-9942 || DOI: 10.61359/11.2106-2322

Optimizing Spacecraft Lifespan: Balancing Mass and
Propellant Fraction

Malaya Kumar Biswal M=

Founder& CEO, Acceleron Aerospace, Bangalore, Karnataka, India — 560037
ORCID: 0000-0002-0181-8125

Abstract: Over the decades, scholars and data scientists have extensively explored the correlation between
satellite mass and its impact on satellite reliability—an essential consideration for satellite manufacturers and
space agencies [1]. Initially, a conceptual notion, a group of statisticians has now rigorously defined the reliability
parameter of spacecraft across different mass categories, utilizing a survival analysis algorithm pioneered by
Kaplan & Meier in 1958 [2]. J.H Saleh's analysis reveals that spacecraft in the medium-range category (with mass
ranging from approximately 500-1000 kilograms) exhibits maximum reliability and a longer lifespan. This
statistical model has provided a foundation for the next generation of data scientists to redefine satellite reliability

models [3].
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Figure-1: (left) Spacecraft Mass Fraction versus reliability & Spacecraft propellant mass fraction versus reliability
(right) [Note: These graphs were generated using Kaplan-Meier estimation method, whereas the figure graph were
estimated from Weibull probability estimation]

Examining mass parameters such as spacecraft dry mass, propellant mass, and payload mass, the role of
propellant mass emerges as crucial in determining spacecraft survival in various planetary orbits. Propellant
facilitates trajectory raising maneuvers, course corrections, and orbital stabilization (e.g., ESA’s Cassini's final
plunge due to propellant exhaustion). Therefore, integrating a larger propellant tank into a relatively small
spacecraft may not extend its lifespan; in fact, it could lead to spacecraft destabilization. Maintaining an optimal
propellant and spacecraft mass ratio becomes paramount for effective operations. Addressing this, an innovative
mathematical and statistical model has been introduced and validated, defining a propellant mass fraction limit of
0.2 to 0.6 as optimal for longer survivability [4-5].
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Figure-2: Spacecraft Mass and Propellant mass fraction versus reliability.

In conclusion, the various masses of a spacecraft significantly impact its lifespan and reliability. Satellite
manufacturers must carefully consider mass and mass fraction parameters during the design and validation phases
to ensure the spacecraft's optimal performance before deploying it into any interplanetary orbit. This consideration
remains a critical task, especially as recovering a spacecraft beyond low-earth orbit poses significant challenges.

*Founder & CEO, Acceleron Aerospace, Bangalore, Karnataka, India — 560037. Contact: malaykumar1997 @gmail.com
**Received: 22-November-2023 || Revised: 30-November-2023 || Accepted: 30-December-2023 || Published Online: 30-December-2023

AAJ 1-5 (2023) 104-105 1


https://crossmark.crossref.org/dialog/?doi=10.61359/11.2106-2322&domain=pdf

AAJ.2106-2322

References

[1]

[2]

[3]
[4]
[5]

[6]
[7]
[8]

Biswal M, M. K., & Kumar, R. (2022). Spacecraft Reliability and Lifetime Modelling: Impact of Spacecraft Mass and
Mass Fractions on Spacecraft Lifespan and Reliability. In AIAA SCITECH 2022 Forum (p. 1140).
https://doi.org/10.2514/6.2022-1140.

Biswal M, M. K., Kumar V, R., & Das, N. B. (2021). Theory and Modelling of Various Spacecraft Mass Fractions and
their Influence over Spacecraft Lifespan and Reliability. In ASCEND 2021 (p. 4220). https://doi.org/10.2514/6.2021-
4220.

Biswal M, M. K., Kumar V, R., & Das, N. B. (2021). Survival Analysis and Study on Mars Probes. In ASCEND 2021 (p.
4090). https://doi.org/10.2514/6.2021-4090.

Biswal M, M. K., Kumar V, R., & Das, N. B. (2021). Statistical Reliability Analysis of Lunar Exploration Satellites.
In ASCEND 2021 (p. 4091). https://doi.org/10.2514/6.2021-4091.

Biswal M, M. K., & Naidu Annavarapu, R. (2020). Assessment of Efficiency, Impact Factor, Impact of Probe Mass,
Probe  Life  Expectancy, and  Reliability = of  Mars  Missions. arXiv  e-prints,  arXiv-2009.
https://doi.org/10.48550/arXiv.2009.08534.

Biswal M, M. K. (2023). Impact of Various Spacecraft Mass Fractions Over Spacecraft Reliability. In AIAA AVIATION
2023 Forum (p. 4454). https://doi.org/10.2514/6.2023-4454.

Biswal, M., & Malaya, K. (2023). Relative Impact of Spacecraft Payload Mass Fraction on Spacecraft Operations and
Lifespan. Acceleron Aerospace Journal, 1(1), 12-18. https://doi.org/10.61359/11.2106-2303.

Biswal, M., & Kumar, M. (2020). Statistical Reliability Analysis of Interplanetary Spacecraft Operating at Different
Interplanetary Extremity. In Region VII Student Paper Competition & AIAA Sydney Section Student Conference.



https://doi.org/10.2514/6.2022-1140
https://doi.org/10.2514/6.2021-4220
https://doi.org/10.2514/6.2021-4220
https://doi.org/10.2514/6.2021-4090
https://doi.org/10.2514/6.2021-4091
https://doi.org/10.48550/arXiv.2009.08534
https://doi.org/10.2514/6.2023-4454
https://doi.org/10.61359/11.2106-2303

