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Newton’s Second Law

F = ma

1D EQUATION
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2D Physical Model
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2D Physical Model
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Applied Load, P

Deflection, 6
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2D Physical Model
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Applied Load, P
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2D Physical Model
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2D Physical Model
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Geometry Loading
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3D Geometry Model
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Structural Rigidity
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3D Analysis Model
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Material Stiffness
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3D Analysis Model — Deflection
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Geometry Material Stiffness Structural Rigidity
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P is the Applied Force

Deflecti 5 = PL3 L is the Length
eriection, o = 3E] E is the Material stiffness

| is the Structural rigidity
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3D Analysis Model — Stress
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Geometry Structural Shape Structural Rigidity
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3D Simulation
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Stress Material Strength Safety Factor
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3D Structural Simulations
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Functional Model
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Multifunctional Model
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Aerodynamic Model
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Wing Cantilever Beam Model
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Net Loading, g

Fuselage Weight, W
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Aero-Structural Model
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Fuselage Weight Wing Geometry Airfoil Geometry
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Breguet Range Equation
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Newton’s 15t Law Aerodynamics
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Trade-Offs
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Models and Simulations

Global Product Data Interoperability Summit | 2017

M,CL—E H_H’-

1D Equation 2D Physical 3D Geometry
Model Model
Functional Multi- Performance
Model Functional Model
(physics-based) Model

p
___——\ 4
; .

P

3D Analysis
Model

PfL

Mission

Simulation

# ELYSIUM —Darker] rosrrnoe Grumpean

ZLIJEM!G

TG oL fropyeT oAt o
7%'-':5 UMM I T2 1 7

& ELYSIUM

NORTIIRO" GrumAN:

Parier

L woerme

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 | 27



L

-

ri4
!

- .l

x

.'r
by -

het e
"00 ’:c
-—:. E ol
. : YLl A
:
I\M ~ . -~ .
A -
. “, .
',‘ :  —
., .

24k }wn

DIGITAL TWIN QF PRODUCT "

As-Built Simulation with Cyber-Physical Linkage
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Control Theory
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Cyber-Physical System
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Product Lifecycle Management
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FACTORY
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Manufacturing Operations Management
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