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PRODUCT CONCEPT
An Example
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MODELING & SIMULATION
Physics-based science and engineering
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1D EQUATION

𝐹 = 𝑚𝑎

Newton’s Second Law
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2D Physical Model
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Deflection, δ

2D Physical Model

Applied Load, P
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Applied Load, P

Length, L

2D Physical Model
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2D Physical Model

Applied Load, P

Length, L

M
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2D Physical Model

Vertical Force, P' = mg

Rotational Force, M = mgL

2D PHYSICAL MODEL

P

M

P'

L

LoadingGeometry

P = mg
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3D Geometry Model

𝐼 =
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3D Analysis Model

Length, L

Aluminum

Steel

Titanium

Composite

Wood

Material Stiffness
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3D ANALYSIS MODEL

P

L

δ

3D Analysis Model – Deflection 
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Structural RigidityMaterial StiffnessGeometry

P is the Applied Force
L is the Length
E is the Material stiffness
I is the Structural rigidity

𝛿 =
𝑃𝐿3
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Deflection, 

Temp

E
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Geometry

3D Analysis Model – Stress

Structural Shape
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Margin of  =  
𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ

𝑆𝑡𝑟𝑒𝑠𝑠 ∗ 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟
Safety
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3D Simulation
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3D Structural Simulations
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Functional Model

Ok?
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Geometry
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Multifunctional Model

STR

AERO PROP
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Aerodynamic Model

Airfoil geometry and 

orientation

Wing loading
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Net Loading, q

Wing Cantilever Beam Model

δ

M

Fuselage Weight, W
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Aero-Structural Model

Wing GeometryFuselage Weight Airfoil Geometry
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𝑊
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Breguet Range Equation

Range = 𝑉 ∙
𝐿

𝐷
∙ 𝐼𝑠𝑝 ∙ ln

𝑊𝑖

𝑊𝑓

Newton’s 1st Law Fuel CapacityEngine
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Trade-Offs

MISSION SIMULATION
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Models and Simulations
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DIGITAL TWIN OF PRODUCT

As-Built Simulation with Cyber-Physical Linkage
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Control Theory

Feedback

Dynamic System

Inputs OutputDecision 
Engine
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Physical System

Simulation
(Decision Engine)

Cyber-Physical System



Global Product Data Interoperability Summit | 2017

BOEING is a trademark of Boeing Management Company

Copyright © 2017 Boeing. All rights reserved.

Copyright © 2017 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2017.ppt | 31

Manufacturing 

Inputs
Control, Feedback & Learning Flight Output

DIGITAL TWIN
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VEHICLE

Product Lifecycle Management

Extend the 
Product Lifecycle

MAINTENANCE

Maintenance 

Operations
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FACTORY
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Extend the 

Product Lifecycle

FACTORYMANUFACTURING
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Supply Chain Sim

Supplier
Operations

Supply Chain
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FACTORYMANUFACTURING

SUPPLY CHAIN

Manufacturing Operations Management
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ENGINEERING

MODEL-BASED ENGINEERING
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DIGITAL THREAD

Program Dev Sim
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ENGINEERING MANUFACTURING
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