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INTEGRATING RISK-INFORMED SYSTEMS ENGINEERING AND DIGITAL TWIN-SUPPORTED
VERIFICATION FOR LAUNCH VEHICLE DEVELOPMENT

Abstract

Launch vehicle development requires the coordinated integration of several closely interacting subsys-
tems, including propulsion, structural components, avionics, guidance systems, and ground infrastructure.
In launch vehicle programs, engineers must deal with significant system complexity while still ensuring
requirement traceability, consistent subsystem interfaces, and early identification of potential risks.

This study discusses a systems engineering perspective that combines structured engineering practices
with risk-informed analysis and Digital Twin-supported verification concepts. The approach is informed
by widely recognized systems engineering principles presented in the INCOSE Systems Engineering Hand-
book as well as engineering practices commonly adopted in NASA systems engineering processes and ECSS
standards.

Several key issues play an important role in launch system development. One of these issues relates to
the process of hierarchical requirement flowdown and system architecture decomposition, which ensures
traceability between mission objectives and system functions or subsystems. The other issue relates to
the identification of risks at the earliest stage in launch system development. In this regard, analytical
techniques like Failure Modes and Effects Analysis (FMEA) and Fault Tree Analysis (FTA) are commonly
used to identify risks in launch system development.

Third, Digital Twin-based verification concepts are discussed as a means of integrating simulation-
based insights into design evaluation and verification planning. Additionally, different probabilistic tech-
niques, such as Monte Carlo simulation, can be used to support the verification activities during the early
design stages.

A conceptual scenario is offered to illustrate how requirement allocation, interface management, and
verification planning can be integrated within a digitally supported systems engineering process. In such



an environment, risk-informed methods and digital verification tools can enhance design visibility during
early design stages and aid engineering decision-making.

The paper offers a methodological perspective that combines systems engineering structure, risk analy-
sis techniques, and digital verification approaches. The goal is to support traceable and reliability-oriented
development practices relevant to launch vehicle development and other space system programs.



