
76th International Astronautical Congress 2025

23rd IAA SYMPOSIUM ON SPACE DEBRIS (A6)
Interactive Presentations - 23rd IAA SYMPOSIUM ON SPACE DEBRIS (IP)

Author: Mr. Majd Alsadi
United Arab Emirates

Mr. Qais Altamimi
Jordan

Ms. Maysam Aladwan
United Arab Emirates

IMPACT-INDUCED MISSION EFFECTS AND RISK ASSESSMENTS

Abstract

Spacecraft and space infrastructure are continuously exposed to impact hazards from micrometeoroids,
orbital debris, and planetary surface interactions during landings. Understanding the effects of impacts
on mission success and developing risk assessment methodologies are crucial for ensuring spacecraft safety,
operational reliability, and long-term sustainability of space activities. This session will explore impact
modeling, shielding technologies, risk mitigation strategies, and real-world case studies to address the
challenges posed by impact events in space exploration.

Key Challenges and Risks of Impact Events Micrometeoroid and Orbital Debris (MMOD) Hazards
High-velocity impacts from space debris and natural micrometeoroids can damage spacecraft struc-

tures, solar panels, and critical onboard systems. Small debris fragments, often undetectable, pose signif-
icant risks to long-duration missions. Impact Effects on Planetary Landers and Rovers

High-speed landing events on celestial bodies like the Moon, Mars, and asteroids can generate dust
clouds and surface debris that interfere with sensors and instruments. Lander footpad interactions with
planetary regolith can result in stability challenges and unexpected surface effects. Effects of Hypervelocity
Impacts on Spacecraft Materials

Shockwave propagation, structural deformation, and fragmentation can compromise spacecraft in-
tegrity. Studies on self-healing materials and impact-resistant composites aim to improve spacecraft
resilience. Risk Assessment and Modeling for Impact Mitigation

Ballistic impact simulations and hydrocode modeling help predict damage scenarios and inform space-
craft design. NASA’s Bumper II model, ESA’s MASTER (Meteoroid and Space Debris Terrestrial Envi-
ronment Reference), and AI-driven impact prediction algorithms contribute to risk analysis. Protective
Technologies and Mitigation Strategies

Whipple shields, next-generation multi-layered armor, and deployable impact protection for human
and robotic missions. Redundancy in spacecraft systems and rapid damage control protocols to ensure
mission continuity after an impact. Active debris removal (ADR) and collision avoidance maneuvers to
reduce impact risks in Earth’s orbit. Conclusion Impact-induced risks present a significant challenge
to space missions, requiring advanced modeling, resilient spacecraft materials, and effective shielding
strategies. By integrating computational simulations, impact-resistant technologies, and real-time risk
assessment methods, space agencies and private industries can enhance mission safety and longevity.
This session will highlight the latest research, innovative protective solutions, and impact risk assessment
methodologies, shaping future mission designs and deep-space exploration strategies.
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