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Complex Systems are everywhere!




System Design Challenge:
Increasingly complex systems that are software intensive
Increasingly high expectations of safety and reliability

Systems commonly suffer from cost overruns and costly failures

Key Questions:
Will they perform as specified?

Will they fail? If so, when, how, and at what cost?
Can failure be prevented?




Why Study Safety and Reliability®?

Systems still fail in costly and catastrophic ways

B-2 Crash
Sensor-control fault

1 -
gt
&
- R
il l" ” b
R | 3
g _

: s S " Deepwater Horizon
Mars Polar Lander _ | Systemic failure
Software-hardware S A

interaction

-







PROJECT 1

Design Stage Simulation of Behavior

Component-Function Mapping

System Representation
Simulation h 4
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Simulate critical failure scenarios to
determine system impact _
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Nominal Mode: Standard Failure Mode: Flat Tire




PROJECT 2

Automation of Distributed Design




DESIGN TEAMS :

e 1 Rear wing
® 2 Front Wing
¢ 3 Side Wing
e 4 Rear tire

Global Formula
Racing

* 5 Front tire

* 6 Engine

e 7 Cabin

e 8 Impact Attenuator

Simplicity

Team Goal

Win competitions

Focus on the areas to which
points are most sensitive

Easier to
Manufacture

Easier to

repair Cheaper
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More reliable

Lighter
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PROJECT 3
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constanttorquel bearingfriction1 idealgear1 idealgear2

Component Output Torque, Clutch Fn = 75% ASPL vs. Network State Diameter vs. State RC vs. Network State
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PROJECT 4

Hydrogen sponge,
smart catalyst,

Design Repository solar fuels, etc...
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folding & function
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Inflate with sunlight
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Hydrogen Sponge
Life Cycle

Heat to squeeze
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MS Students PhD Students
Sean Hunter (Current)

Nicolas Soria (Current)

Brandon Haley (NuScale, Inc.)

Brady Gilchrist (Solar City)

Joe Piacenza (see PhD)

Jesse Grimes (NASA JPL) Douglas VapBossuyt (Faculty, Colorado
School of Mines)

Bryan O’Halloran (see PhD)

Mike Koopmans (Tesla Motors)

Charlie Manion (Current)

David Jensen (Faculty, U of Arkansas)

Kerry Poppa (CyDesign Labs)

Sarah Oman (Faculty, Northern Arizona U.)

Blake Giles (Oregon Ironworks)
Michael Koch (Cascade Energy) Joe Piacenza (Faculty, CSU Fullerton)

Rudy Hooven (Boeing) Bryan O’Halloran (Raytheon)

Farzaneh Farhangmehr (PhD @ UCSD) Hoda Mehrpouyan (Faculty, Columbus State
Jonathan Mueller (Hanson Prof. Services)  University)

Scott Kramer (US Coast Guard)
David Jensen (see PhD)

Masahiro Kitagawa (in Japan)




National Science Foundation:
Science of Design Program
Engineering Virtual Organizations Program
Engineering Design Program
GOALI Program
Systems Science Program
I[UCRC Program

Airforce Office of Scientific Research (AFOSR)
Systems and Software Program

NASA:
JPL, ARC, Marshall

DARPA:
Adaptive Vehicle Make, META Program
Adaptive Vehicle Make, C2M2L Program

Keck Foundation



Questions?




