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Presenter
Presentation Notes
Marillyn Hewson takes the helm of LM Corporation.  With the splitting up of Electronic Systems, LM now has 5 major core business lines with Mission Systems and Training and Missiles and Fire Control being added.  Skunk Works (Advanced Development Programs) is part of Aeronautics.  

100 years 
After years as an exhibition pilot and several close calls, Allan Lockheed believed by 1912 that he knew enough to design and build a better aircraft than the ones he had been flying. He and his brother Malcolm proceeded to do exactly that—and more. Their first aircraft was the biggest seaplane in the United States at the time, and they turned it into a commercial success. By June 15, 1913, the Model G Hydro-Aeroplane was ready for a test flight. Allan revved up the engine, pushed the throttle, taxied out onto San Francisco Bay, and the first Lockheed aircraft lifted off and started climbing. “He [Malcolm] was yelling on the ground and I was yelling in the airplane,” said Allan. “We’d worked two years on that machine and missed some meals to make it—but it flew and it flew good.” Allan circled back to pick up Malcolm and made two more thrilling 20-minute flights, cruising at an altitude of 300 feet and a speed of 51 mph.

In 1912, Glenn Martin set out to break the distance record for flight across open water, setting his sights on Catalina Island, 30 miles from the mainland. On May 10, he guided his team as they mounted a pontoon beneath a Martin Model 12 aircraft, and despite ominous cloud cover, took off from Newport Bay for Catalina. After a quick wave to his parents and colleagues on the dock, Martin climbed to an estimated 4,000 feet. As he approached 30 minutes in-flight, his compass work impeccable, he broke out of the cloud cover to find Catalina’s Avalon Bay directly in front of him.
International acclaim soon followed, and so too did the formal incorporation of the Glenn L. Martin Company, on August 16, 1912
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Skunk Workse — What We Do -

Winning and Prototyping New Programs

Leveraging Investments in Game
Changing Technologies

Development & Fielding Of Special
Mission Aircraft To Meet Urgent
National Needs

Improvements & Derivatives of
EXxisting Products
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Wide Range of Advanced Programs
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’i{’E quy, Driven Partnership

 Problems we were trying
to solve drove product
development

 Unique Designs

n'i INTEGRATION

Phoenix Int. product
capabilities enabled our

'@?s,m,, unique solutions
. 2w°""3 © 2015 Lockheed Martin Corporation. All Rights Reserved 6




First Phoenix RCD Presentation - 2004 ?

« Started Pre-Model Center 1.0
A * Basic Analysis Server

P—— « Wrapping FORTRAN codes
e m— B  File Wrappers

ADP CONCEPTUAL DESIG
4 Sample RCD Process

2) Trade andSensitivity Studies 3) Data Generation

—_ via Design of
= Experiments (DOE)

Carpet Piots

: nalys || Parametric Studies

M plinary Op Plotting

.| Design Tool Integration | Visualization

i| Process Automation -

|| Trade Study “Engine”

m— | Conceptual Design Synchronization
Reqfimmnkf(:onstiainﬁ =

Investment Areas
Technology Impacts

7) Refine?

Only MDA MDD/ MDA

Partnership started 1998
First Contract in 1999
First Program Implementation late '90’s
First Win!

k.
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RCD Program Deployments

ADP Deployments  [ummmmmmersrrr—

| -— Iv | | | [ | | I | @

@, \/
MC 10.2
Robustness
= a MC 9.3 Pgrformarjce
= cmu MC 8.0 Stpbility
> 2
2 MC 7.0
= .
— Maturation
E a MC 6.0 FeaturesT(CL)
8 E MC 5.0 Maturation
P (% Featufres (DE
Q MC 4.0 Plug-ins
Features|(DE)
MC 3.0/ XML, Scripts
Databases,
MC 2.0 | ThroughputVvC
Scalability

Perfarmance {
Integration Qpt

111998/ 1999 2000|2001 2002|2003 2004|2005|2006|2007|2008| 2010} 2011 {2012 2013|2014|2015

QWorks © 2015 Lockheed Martin Corporation. All Rights Reserved 8



. Rl e

Environment
Geometry
Landing System
VMS
Subsystems
Structure
Aerodynamics
Propulsion

Power
Requirements

Total Mass

)

~Skunk
Works

W ALRUS Example

Total Mass (tons)
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Landing Pad Pres.

Buoy. Lift > > Allowable
Gross Mass \
o
- o
Length . —
® G
Fuel (tons)
Range <
10K nmi
4 ™
CONVENTIONAL OPT.
] M +/-20
Total Mass (tons)
Range (n mi) 10,000 8,280
Lpuoy” Mgross 0.91 0.93
Pland” Phui 0.75 .92
\. J
4 DAKOTA SBOUU A
(CDyg, Nprop uncertain)
M M +/-20
Total Mass (tons)
Range (n mi) 11,700 9,960
Lpuoy’ Mgross 0.95 97
Piand/ Prui 0.46 .62
o v
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Scripts
Wrappers
Plug-ins

COM applications
CAD Integrations

 ADP Customizations

\

Programs

7/

Unclassified

50+

1998

\g* Skunk
¥ )Works
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Adjust Geometryr-

guration Altered To Contain Fuel

E p___anding Dimensions, Disciplines, and Fidelity

Independent Variable
Sequencer:

ﬂ? Configuration \

Aerodynamics

Propulsion Weights

Mission

Fuel Avail =

Optimization” Via
Carpet Flots and
Constraint
Cross-Plotting

Fuel Req'd
2

Alternate Missions

One Design Point

-
-
-
-
[
-
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=& Model.Propulsion_AddOn2 (Analysis View) =

=3 Model. MassProps (Analysis View)

Effector Scales
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- LEFout... 1

»Skunk
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ScaleCntriEffectors

Discipline and model

complexity growing quickly!
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Modelcenter Process Changes — ESAVE Program

>

Meshes

) Associative
..... DOEArrays -

PropuIS|on

Installed
Thrust & FF

Config.

Parametric
Geometry

OML Lofts == FEM Wing CFD Flow

Sizing Solution

Structures

Tech. Impact
Analysis

Aero RSM

Mass Structures RSM

Properties

Levels 1 & 2

S&C
Surface
Automated Steps Effectiveness

Control Surface
Sizing Control Pwr. Req.

Mission
Performance

NGT Alighed

Configuration Optimization
(Sizing to Performance Regmt's)
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ESAVE MDO Approach: RSM-Based Optimization

Design Variables Integrated Multidisciplinary Analysis
= 7 Wing = == L= i d, o
= 5 Engine e »-.—"!.:J. _;—L e
- 4 o = “Raw” Performance
Technologies o i oY U} (Not Sized or
- AFS / AAW = = . A Optimized)
* Laminar Flow ' | — -~ - + TOGW
* Compact Weapons _ : * Radius (Subsonic,
*ICE (SSD's) == . s, .‘&d b Supersonic)
e r : + SEP’s

. ! ¥ » Max (Dash) Mach
Mission Specs ; il
*SuperCruise Mach ' ) |
* Payload

Performance Performance DOE(s) Encompass

Configuration / Technology /
Requirements Space
(100's ~ 1000’s of Config’'s)

\ Response
Model - Su :aces
Optimized Optimization
Configs

Design Var's Design Var's
\ /
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Changing MDAO Process

Planning Dev o, o Trades
|/

Standard

Problem Formulation  Hi-Fi Development  Hi-Fi Integration Visualization
Hi-Fi Processes RSM Development  RSM Integration

HPC Planning Offline Execution Data Reduction

Test Planning Physical Testing
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USA DoD Customer Directions

ERS Transformation:
Enables Data-driven Engineering & Decisions

 Bend The Cost Curve it e T i

* Better Buying Power 3.0 - ﬁ e D;:fgﬁﬁ;z:fif;;iﬁ",: ] -
« Own The Technical Baseline }i %L_. -~
« Modular Open System Architecture ’:fg"'ﬁ'"a

» Digital System Model m T zmE =0
- Digital Thread S —

.

ERS Overall Roadmap

Engineered Resilient Systems verall Ro
CREATE

Computational Rep. ¢ +
- Tradespace Analysis L +*
I I I C . I I I I I Collaborative Analysis
& Decision-Making *
Capability Integration ¢
- - - - & Demonstration v % ¢
* Joint Security Implementation Guide
Versions vi vz v3 va
+ Initial tradespace « 2™ gen tradespace * User-configured + Maodeling of entire
tools for Ships rools for Ships, GV, AV analytics acquisition cycle
* Launch prototype * KM Environment * Env simulation * Validated cost
KM environment *+ Industry linked to anywhere on Earth representation
* Initial integrating architecture env * Manufacturability & = Virtual prototyping of all
architecture * Risk representation Producibility Tools materiel alternatives
* Link physics-based and mitigation * Lifecycle cost tools * Portfolio analyses of
models and + Env simulation + Novel weapons trades at increasing
emvironmental data * Initial cost modeling systems modeling echelons
= Initial mission tools = Mission context toals  + Cognitive computing
+ Ships — LX(R) * Ground vehicle * Support new platforms. Maijor Versions
Methods and Standards T et
Transitions + Helo—CH-47 blades  * Ships — modular vessel # Significant Milestones.
* Helo— UH-60
NDIA SE Confarence, Ocl 20, 2014 Cleared for Open Publication, DoD Case 15-5-0093
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| Where is ADP Going With Phoenix/MDAO %A

 Model Discipline Growth
— Increased model complexity

— Increased DV’s, constraints and objective functions

— RSM methodology
 High Performance Computing
— Higher fidelity earlier in programs
— New Physics
— Increased discipline coverage
* Pervasive MDOA
— Web based MDAO
— Server/Cluster based computing
— Service/Agent based computing

WSkmﬂt
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T Questions?
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