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A Balanced Missile Design Requires Harmonized 
Mission Requirements and Measures of Merit
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Conceptual Design and System Engineering 
Require Broad, Creative, Rapid, and Iterative 

Evaluations

Chapter 4: Weight



Missile Flight Performance / Trajectory is Driven 
by Forces (Aerodynamics, Propulsion, Weight)
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A Lightweight Missile Has Payoff
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Weights of Missile Subsystems Often Drive 
Missile Flight Performance
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Ballistic Missile Weight Driven by Range, Payload 
Weight, Propellant Weight, and Specific Impulse
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Staging Provides Range / Weight Payoff for Long 
Range Ballistic Missiles
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A First-Order Estimate of Missile Weight can be 
Derives from Bodt Geometry Dimensions
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Most Subsystems for Missiles Have a Weight 
Density of about 0.05 lmb/𝒊𝒏𝟑
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Modeling Missile Weight, Balance, and Moment-
of-Inertia is Based on a Build-up of Subsystems
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Missile Moment-of-Inertia is Driven by Length 
Diameter, and Weight
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Structure Design Factor of Safety Must be 
Greater for Hazardous Subsystems / Flight 

Conditions
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Examples of Missile Structures Manufacturing 
Processes
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Examples of Missile Structue Manufacturing 
Processes (cont)
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Examples of Missile Structue Manufacturing 
Processes (cont)
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Examples of Missile Structue Manufacturing 
Processes (cont)
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Examples of Missile Structue Manufacturing 
Processes (cont)
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Mechanical Fastner Versus Adhesive Bonding is 
Tradeoff for Structural Joint Attachment
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Increasing Metal Hardness Increases Strength, 
but Machining is more Difficult / Expensive
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Missile Structure Parts Count is Driven by 
Manufacturing Process
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Missile Turbojet engine Parts are Often Castings: 
Lower Parts Count → Lower Cost and Higher 

Reliability
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Missile Airframe Material Alternatives Include 
Aluminum, Steel, Titanium, and Composite
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Missile Structure Drivers Include Strength and 
Toughness
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Example of Strength – Elasticity Comparison of 
Missile Structure Material Alternatives
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Laminate Graphite Composite Provides a High 
Strength-to-Weight Structure
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A High Speed Missile without External Insulation 
Requires High Temperature Structure
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Examples of Missile Structure – Insulation 
Concepts
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External Structure Insulation has High Payoff for 
Short Duration Flight at High Mach Number
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There are Many Considerations for High 
Temperature Missile Insulation
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Max Temperature and Insulation Efficiency are 
Drivers for High Temperature Insulation
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Required Insulation Thickness is a Consideration 
for Integrating External Insulation with Airframe
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A Thermally Thin Surface → Higher heat Transfer 
A Thermally Thick Surface → Lower Heat Transfer 
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A “Thermally Thin” Surface in Aeero Heating has 
Rapid Temperature Rise
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A “Thermally Thin” Surface in Aero Heating has 
Rapid Temperature Rise (cont)
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A “Thermally Thick” Surface in Aero Heating has 
Large Internal Temperature Gradient
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A “Thermally Thick” Surface in Aero Heating has 
Large Internal Temperature Gradient (cont)
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Airframe Internal Instulation Temperature can be 
Predicted Assuming Constant Flux Conduction
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External Insulation Greatly Reduces Airframe 
Structure Temperature in Short Duration Flight 
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A Sharp Nose Tip / Leading Edge has High 
Aerodynamic Heating in Hypersonic Flight
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Missiles Have Relatively Low Radiation Heat 
Loss at Moderate Temperature / Mach Number
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A Missile Design Concern is Localized 
Aerodynamic Heating and Thermal Stress
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A Missile Design Concern is Localized 
Aerodynamic Heating and Thermal Stress (cont)

Chapter 4: Weight



Examples of Aerodynamic Hot Spots
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Missile Metal Body Structure Weight is about 22% 
of the Missile Launch Weight
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Missile Structure is Based on Considering the 
Cradle-to-Grave Environment
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Missile Body Structure Required Thickness is 
Based on Considering Many Design Conditions
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Localized Buckling May be Concern for a Thin 
Wall Structure
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MIL-A-8591 Provides a Conceptual Design 
Procedure to Estimate Captive Carriage Max Load
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Maximum Body Bending Moment Depends Upon 
Load Distribution
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Body Bending Moment May Drive Body Structure 
Thickness / Weight
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For a Typical Solid Propellant Rocket Motor, 
about 71% of the Motor Weight is Propellant
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Maximum Expected Operating Pressure (MEOP) 
Increases with Propellant Grain Initial Temperature
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Solid Propellant Rocket Motor Case Thickness / 
Weight is Usually Driven by Internal Pressure
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Solid Propellant Rocket Motor Case Thickness / 
Weight is Usually Driven by Internal Pressure 

(cont)
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Solid Propellant Rocket Motor Case Thickness / 
Weight is Usually Driven by Internal Pressure 

(cont)
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Laminate Graphite Composite Rocket Motor Case 
for Rocket Baseline Missile is Lighter Weight

Chapter 4: Weight



A Low Aspect Ratio Delta Surface Planform has 
Lighter Weight Structure
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Multi-mode Seeker Dome Material is Driven by RF 
/ IR Transmission and Flight Enviroment
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Infrared Seeker Dome Material is Driven by IR 
Transmission and Flight Environment
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Radar Seeker Radome Material is Driven by RF 
Transmission and Flight Enviornment
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A Driver for Radome Weight is the Optimum 
Thickness Required for Efficient Transmission
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Missile Electrical Power Supply Drivers Include 
Weight, Environment, and Safety
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A Thermal Battery has Lighter Weight for Short 
Time of Flight – Generator has Lighter Weight for 

Long TOF
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Missile Power Supply is Usually a Thermal 
Battery and Most Batteries and Located Near 

Electronics
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Most Missiles use Electromechanical Flight 
Control Actuators
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