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The problem

*from Augustine’s Laws, 6™ Edition, AIAA (June 1997)
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DPA Dealing with complexity

— 240 LongrRange
2] Strike |(gst.)
L ~10X|Increase in | | |
g 200 g/:;'/gf;/ﬂow Marag abte Gomple; :ty
o 180 I
.S I
Z 160 .
-4 Aerospad 4l dl]
ﬁ MIL-STOLY 1990s : Al X IReductl?r;Fan L
- 140 e i Development Fffort
< |
c 120 |
g 100 New-automotive :
] design flow |
£ 80 | —> v
830 Automabile el
1960s rospace| Vehicle

€t 60 5] i
E; 40 Integrated Circuit
2 20 e
Q | |

0 T | | | i T

1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09
Historical Cost Growth (in then-year doliars) ComPIEXity

Aerospace Systems (1960—

- 0,
present) 8-12%/yr
Automobiles (1960—present) 4%/yr
Integrated Circuits (1970— ~0%/yr

present)

[Part Count + Source Lines of Code (SLOC)]

APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED.

1E+10



The process today

MIL-STD-499A (1969) Systems Engineering Process
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SWaP = Size, Weight, and Power == Desirable interactions (data, power, forces & torques)
V&V = Verification & Validation == Undesirable interactions (thermal, vibrations, EMI)
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Complexity in a real system

Source: Giffin M., de Weck 0., et al., Change Propagation Analysis in Complex Technical
Systems, Journal of Mechanical Design, 131 (8), 081010, August 2009
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Number of
Design Variations

Gl AVM: entire development cycle 5x faster
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META TOOLS

APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED.



I;ngge courtesy.of Dassault Systemés
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TG META Tools

Component Models . ] Qualitative Reasoning
_ Static Trade Space Exploration
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C2M2L

Component, Context, Manufacturing Model Libraries
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Hierarchal Abstraction

Improving designer productivity through abstraction

Components
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LGITY  Elements of a component model

Caterpillar C9 Diesel Engine : AVM Component

Weight Height Number of Cylinders Maximum RPM
680 kg 1070 mm 6 2300 rpm
Length Width Maximum Power Minimum RPM

1245 mm 894.08 mm 330 kW 600 rpm
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IFAB

Instant Foundry, Adaptive through Bits
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IFAB Distributed, Digitally-Programmable Foundry
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Joint Manufacturing
Technology Center
Rock Island Arsenal, IL

ARL Penn State
State College, PA
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Il Goods
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FANG

Fast, Adaptable, Next-Generation ground vehicle
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FANG

DESIGN CHALLENGES

FAST-ADAPTABLE-NEXT-GENERATION-GROUND VEHICLE
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FANG Challenge 1 — Mobility and Drivetrain subsystems
Prize: $1,000,000
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FANG Challenge 2 — Chassis and Structural subsystems
Prize: $1,000,000
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FANG Challenge 3 — Full Vehicle Design
Prize: $2,000,000
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DPA VehicleFORGE — Collaboration Platform
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Powered By VehlclieFORIGE

FANG

DESIGN CHALLENGES
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Gl AVM: entire development cycle 5x faster
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