
Introduction to Aerospace Systems Engineering

(A concise, readable overview for students and professionals)

1. What Is Aerospace Systems Engineering?

Aspect Description

Definition

The interdisciplinary discipline that designs, integrates, tests, and manages

complex aerospace vehicles (aircraft, spacecraft, missiles) and their supporting

subsystems.

Goal
Deliver a safe, reliable, high?performance system that meets mission

objectives while respecting cost, schedule, and regulatory constraints.

Scope

• Aerodynamics & propulsion

• Structures & materials

• Avionics & control

• Mission planning & operations

• Ground support & logistics

Key

Characteristic

Treats the vehicle as a system of interacting subsystems, emphasizing

interfaces, trade?offs, and life?cycle management.

2. Core Processes (The Systems Engineering Life?Cycle)

Phase Primary Activities Typical Deliverables

Concept &

Feasibility

• Define mission

objectives

• Conduct market/need

analysis

• Perform high?level

trade studies

Mission Statement, Concept of Operations

(ConOps), Preliminary Requirements Document

Introduction to Aerospace Systems

Engineering



Phase Primary Activities Typical Deliverables

Preliminary Design

• Develop functional

architecture

• Allocate requirements

to subsystems

• Create initial sizing and

mass?budget models

System Architecture Diagram, Functional Flow

Block Diagram (FFBD), Preliminary Design

Review (PDR) package

Detailed Design

• Detailed CAD/CAE

models

• Interface control

documents (ICDs)

• Software architecture &

algorithms

Detailed Design Review (DDR) package, Bill of

Materials (BOM), Test Plans

Integration & Test

• Assemble subsystems

• Conduct verification &

validation (V&V)

• Perform ground and

flight tests

Test Reports, Certification Evidence, As?Built

Configuration Records

Production &

Deployment

• Manufacture flight units

• Implement logistics

support

• Train operators

Production Readiness Review (PRR),

Maintenance Manuals, Training Materials

Operations &

Sustainment

• Monitor performance

• Conduct upgrades &

retrofits

• Manage obsolescence

Operational Data Packages, Service Life

Extension Plans, End?of?Life Disposal Plans

Disposal/Close?

out

• De?orbit, recycle, or

safely dismantle

• Archive lessons learned

Final Close?out Report, Environmental Impact

Assessment

The V?Model is a common visual representation: system requirements ? design ?

implementation on the left side, and verification/validation on the right side, converging at

integration.
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3. Fundamental Concepts & Tools

Concept Why It Matters Typical Tools

Requirements

Engineering

Captures what the system must

do; drives all downstream work.

DOORS, Jama, IBM Rational,

SysML requirements diagrams

System Architecture
Organizes functions into logical

blocks; clarifies interfaces.

SysML block definition diagrams,

Architecture Trade Studies (ATSM)

Model?Based Systems

Engineering (MBSE)

Replaces bulky documents with

coherent, reusable models.

MagicDraw, Enterprise Architect,

Rhapsody

Trade?Study &

Optimization

Quantifies trade?offs (mass vs.

cost vs. performance).

MATLAB/Simulink, Excel Solver,

Python (SciPy), CPLEX

Reliability & Safety

Analysis

Ensures mission success and

regulatory compliance.
Fault
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