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Contributing Organizations 

Jet Propulsion Laboratory (JPL)/California Institute of 
Technology 

Mission Development 
Modeling and Simulation 
Payload Division 
Ground Operations 
Power 
Science 
Thermal 
Te I ecom 
Mars Rover Technology 

Mars Program Office 

NASA 
Code FT HQ 
Marshall 
Langley 

NASDA 
Tsukuba Space Center 

Stanford University, CA 

Old Dominion University, VA 
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Goal! 

Concept 

Compressed Design Cycle & Improved Quality z 
Space System (HWISW) 
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It's About ... 

Traditional 
Approach 

ADM for 
Given T 

(Factors of 6-10) 

Time (T) + 
AT for 

( Factors of 2-3) 

Developed by K. I. Oxnevad 
UPL) and Monique Lambert 

Given DM (Intel/Stanford) 
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/ \  Real-Time 

Oxnevad, K.1, 8 
8/8/02 



Working Design Sessions 
Concurrent Design 
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Hands-On/”Touch and Feel” 
Real Time Anal-ysis and Design 

Next Generation Design Approach 

Real-Time Analyses, Design, and 
Simulations, using interconnected High-End 
S W Tools 
*Hands-On/”Touch and Feel” from 3 0  
representation of Design on Computer 

Powerful HW has made this approach possible 
Deliver mass, power, summaries, high-end 

analysis results, CAD drawings, and engineering 
Drawings 

Compress the full life cycle 

- Numerical Analyses 
j i Sgir%d!heet Based 

Mass, Power, and Cost Summaries 
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In A Nut Shell 

Discovery Phase 1 
Gulliver 

DS (ST)-4/CIRCLE 

Search Camera for the 
CNES Orbiter 

Concurrcn t Design and Analysis Environment 
Real-Time Analysis and Design 
Total Systems Approach, Multi-Disciplinary Team 
Standing Design Team 
Customer Actively Participates in the Design Sessions 
Tnpirt Parameters are Challenged in Real-Time 
Involved External Experts in the Design Sessions 

*Joint Sessions with other IVASA Centers 
From Concept to Engineering Drawings 
Interconnected, High-End Optical, Microwave, MechanicaVCAD , 

Thermal, Structural, Dynamics, Simulation, Orbital, Electronics Analysis 
Tools, such-as Code V, ZeMax, Mechanical Desktop, 
NASTRAN, Thermal Desktop, Adams, MODTool, and 

- 

visualNASTRAN + (PowerTool, Telecomm,. Avionics) 
Applications Utilize a Common CAD Developed Geometry 
Opcn Environmcnt, import/export of STEP, NASTRAN files, etc., 

frondto JPL, other NASA centers, and Industry 
Technology Inscrtion Through Cooperation with MDL/TAP 
Analysis and Design Time Cut from Months to Wecks 

IIP/OSIRIS 

Loihi Deep Ocean, 
Volcanic 

Vent Probe 
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The Steps... 

MSMS Team Set Up Team I -> NPDT Team I -> Div 38 

John Deere 

Simulation Power Sim 
End-End Syst Telecom Structural 

Oxnevad, K.I. 13 
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Sizing, Configuration, and Simulation 

Lander Configuration 

Mars Outpost 
50km Fuel Cell Rover 

Deployment Sequence Surface Configuration 

SURF 2001 Rover 
(MSMS Rover Team) 

Support: Mechanical (parts and assemblies), Structural, Surface Mobility/Ops Simulations, Oxnevad, K.1, 16 
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Mars Surface Mobility Studies 
Mars Advanced Studies 

Volcanology, MER 
Derivative 

Polar Layer Deposit (PLD) 

‘ t  

Fission Powered Polar Based 
Cryobot Lander Mission 

Images Courtesy Hovik Nazaryan and Guillermo Olarte 

Fission Powered 
Rover Mission 
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The Mars Surface Mobility Study (MSMS) - 

Photo, Courtesy Ben Shaw 8/8/02 



Simulation/Virtual Testing 

Trades 

Wheel Diameter 
Castor length 
Wheel Base 

Wheel plus rim 
Castor Mass 

Axelrod Mass 
Axel Mass 

Tools Used 
Inventor I and visualNASTRAN 

Images Courtesy Hovik Nazaryan and Guillermo Olarte 
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Power Analysis/Simulation Tool 
Mars Mission Analysis Tool (MMAPT) 

JPL’s Mars Mission Analysis Tool (MMAPT) Included in Environment 

Calculates, for a Given Location, Date, and Mission Power Profile: 

Solar Power Available 
Battery Charge and Voltage 
Solar Panels and Battery Sizes/Capacities 

I _ .  

Plan to Introduce Avionics and Telecom Tools Later 
Images Courtesy Erik Wood 
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CFD and Immersive 3D COTS Tools 

Dr Tibor Balint, Assessment o f  Commercial Of f  the Shelf 
Computational Fluid Dynamics (COTS-CFD) Tools t o  Enhance the 
Concurrent Design Environment a t  NASA-JPL, JPL, May 2002 

Yves Rubin, Using 3D Visualization and Virtual Reality t o  Enhance 
the Concurrent Design Environment a t  NASA-JPL, May 2002 

Courtesy, Dr. Tibor Balint and Yves Rubin, 2002 

Evaluate CFD and 3D Immersive Tools For use in a 
Real-Time Concurrent Design Environments 

Evaluation and Recommendation Completed 
Oxnevad, K.1, 22 
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People, Tools, Process Dynamics 
Creative Collaboration and Transactive Memory 

Investigator Ben Shaw (Royal College of Art, London) 
Co-Investigator Monique Lambert (Stanford) 

Images Courtesy, Ben Shaw. 2002 

Objective 
: .  , *  

Create insight into the people, process, and tools dynamics to 
improve the desigddevelopment process. 

Observational Studies Complete. Results Analysis in Progress 
Oxnevad, K.I. 23 
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TrainingKuri cul um Development 

1. Concurrent Design Exercise 
Let people from Cross-Centers experience working together as a team in a concurrent design 
environment, utilizing the concurrent design approach, including higher-end tools for develop a specific 
tech nology/project/mission. 

.Relevant topics to be selected by 
Programs, Centers, or Enterprises. 
.Such an experience possible at a 
Selected Design Centers: 5-7 days 
.Process and Tools Training 
.Learn to Live in a Concurrent 
Design Environment 
.Members and Leaders Training 
.History: SURF, University of Michigan 
(Mars Program) 

MSR Study, University of Michigan, April 1-5, 2002 
Week Training and Problem Solving 

Oxnevad. K.1, 24 
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Future Directions 

.Develop An Art to Part Design Process for space vehicles (Concept to Hardware) 

.Better Utilization of COTS tools in the Analysis, Design, and Simulation Areas 
Better Utilization of STEP 
Use of HPC (supercomputers, parallel computing systems) 

Utilization of Concurrent Design Teams throughout the Design Process, and throughout the 
Organization 
.Define, train, and set up of new Design Teams (JPL, NASA centers [MSFC, LaRC, NARC, 1,  
NASDA, industry, and academia [Stanford, MIT, University of Michigan]) 
*Develop a Weeklong Concurrent Design Training Class for NASA Engineers (NASA Code 

.Set up Workshops to Bring Focus on New Design Paradigms (http://nsd2001 .jpl.nasa.gov) 
Develop Working Relationships with Academic Organizations /Initiate Research 

CFD, Thermal, Structural) 

FT) 

Caltech (SURF, on-going) 
International Space University (ISU) 
MIT, Stanford, University of Irvine @alifbrnla,*Pasadena Art Center, University of 

Southern California (TBD) 
University of Michigan (April 2002) 

.Port Concurrent Design Approaches to New Sectors 
Oxnevad, K I, 25 
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