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Concurrent Engineering Defined As

« OIld Program Manager’s Description
— Jim Sullivan, Westinghouse Lima
« NASA Formal Definition
— NASA Systems Engineering Handbook SP6105

« "Concurrent engineering is the simultaneous
consideration of product and process downstream
requirements by multidisciplinary teams."

« NASA /Aerospace Practice
— 1SS Power System Development Experience

— Process Best Describe As Puddles Of Activities That Are
Brought Together By Management At Gated Reviews

« Many Parallel Activities By Contractors And Centers
Without Real Time Interaction

— Process Not Changed Since WWII



Aerospace External Forces And Trends

Erosion In NASA Mission Center Design Experience
— Cost Driven

— Early Space Program Required In-house Parallel Development
Activities To Minimize Risk

Aero Industry Now Outsourcing Subsystem Design Activities
— Following Same Trend As NASA
Automobile Industry Began Outsourcing Trend Before Aero
— Space Industry Following Same Trend
Power Electronics Industry
— Industry Founded To Support Aerospace Needs
— AIll US Power Electronics Consumed By Aerospace In 1960s
— Aerospace Only A Small Fraction In 1990s
Future Aerospace Power Systems And Components

— More Complex, Higher Power, Higher Reliability, Higher Level
of Integration



How Do We Adapt?

« Reverse Management Direction ?
— Multiple Industry in U.S. All Following Course
— Federal Government Agencies Following Course
— Not Likely Because of Cost Drivers
— Probably is Right Direction
 Adapt for the Future
— What Does Adaptation Involve
« Control Engineering as Model
« Concurrent Engineering
 Real Time Engineering
* Integrated Engineering Environment



Relevancy to Workshop

Solution Lies In Better Utilization Of Increased Computational
Power

Interoperability Of S/W

Linked Through H/W Networks

Example: Electric Circuit Simulation History
Example: TMIS

Ansoft History
Integrated Design Environment Objectives

Utilization Of Off-the-shelf S/W

Integration Of Systems, Design, Manufacturing Engineering
Interoperability Of Engineering Tools

Process Documentation And Knowledge Capture

Analytic Model Fidelity And Availability Linked To H/W
Management Interface And Oversight



Integrated Product Example
Spacecraft Flywheel Module

Inverter and Mag. Brg.
Power Electronics

Combo Magnetic
Bearing

Spacecraft Interface
Thermal, Electrical,
Structural

Flywheel Module
Housing

Composite Rotor

_ ) Motor/Generator
Radial Magnetic

Bearing

Auxiliary Bearing



Enterprise/Mission  Integrated Design Environment

@

Program/Project

Road Maps

Risk Management
Functional Analysis
WBS

Verification

Budget Analysis
Interface Control
Architecture

L Requirements Tracking
— Process Definition

| Process Documentation
Prgm Mngmnt Plan, ICD, Verif. Plan, etc.

Sinda
Ansys
Simulink
Solid Works

Analysig/Design

Best Practices/Knowledge Capture
Shared Knowledge Bases

Multiple Tool Integration

Design Legacy

Design/Manufacture

Collaborative PDM

Work Flow

Extended Enterprise Communication
Engineering Change Proposals

Parts Configuration

Project Status



Core Product Overview

Project/Program Management

Work Breakdown Structure

I I
Work Package Work Package Work Package

| |
Task| [Task Task

Process 1| | Process 2| | Process 3

Design/Implementation

[ ] Physical Component/System

[] Interface

|:| Function

[ ] Constraint




RMxprt

Maxwell

Ansoft Environment

M/G Select
M/G PD
Torque Rip.
Wave. Qual.

M/G Detail
Trans. Detail

Thermal Anal.

Derating
EMI Anal.

Solid Works
VHDL prototype
Test & Verf.

PEXxprt
Top. Select
Filter Des.

Knowledge Database
RuleStream
Procedure Dev.
Workflow

Interface to Mech. Tools

Interface to Visio

Process Documentation

Power Electronics

Simulation
Top. Eval.

Stress Anal.
Derating
FMEA
Control Anal.

Simulink
Mech. Int.
Dspace
C Proto.




Activities:
System Objective
Specific Energy
Specific Power
Mass
Thermal load
Power Capacity

Power System Design Cycle
and Tools Utilization

Tools:

Excel
Feasible Alternative Functional Design to Build to As Deployed
Concept e Architectures e Baseline e Baseline e Baseline e Baseline

Advanced Preliminary - . .
Studies Analysis Definition Design Development Operation
@ \ N \ X 4 \ X 4 L X \ N ®
Pre Phase A Phase A Phase B Phase C Phase D Phase E



Tool Utilization For Flywheel Module Design

Simulink

Housing

Auxiliary Brg.
Spacecraft Structure
Rotordynamics

Spacecraft Electric
System

Inverter and Mag. Brg.
Power Electronics

Ansys

Rotor Stress Anal.

Inverter and Mag. Brg.
9 9 Mod Level Thermal Anal.

Power Electronics

Motor/Generator Radial and Combo Mag. Brg.

Motor/Generator



Planned Ansoft Environment Activities

e Currently Working With Ansoft To Enhance Electric Power
Analysis And Simulation Capability

FPGA VHDL Prototyping and Verification Capability With
Simplorer

Library Of Power Components For Aerospace
2D and 3D CAD Linkage
Development of Interface To RuleStream Knowledge Database



Domain
Experts

RuleStream Product Overview

Continuous Process
Improvement

Knowledge
Acquisition

nAct Expert — Enterprise Tools

Knowledge
Analysis

Quality

Management
cPRe Metrics
Knowledge Knowledge

Database

nPlatform

Product Control Modeler

Knowledge I!I
‘ Application ‘ ‘

Customer / Market nAct Output Models / _
Requirements CAD Files Manufacturing

Rule Overrides

[ ]
End Users wﬁ‘ _—J



SmarTeam Product Overview

30 Software

Quote/Order

Configurator

Demand

MRP/ERP

Forecasting
A

Characteristics

(1S Quality)
QMS Database

Feadback
(Quality Performance)

30 Mooels
Assemblies
® Drawi
- SMARTEAM - Gateway
or XML tools
~
Office SMARTEAM - Warkflow
Documents
Quailly Specs Managed WorkFlaws:
[RuleStream) ¥ Process Specs b : Eggud
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Manufacturing
(swRTEA)
Setup Instruciions
> Tooling Lists
Processes
IFl
~_J
v v
& SMARTEAM - Web Editor ( SMARTEAN - Community Workepace Y
PFroduat

Weh Based Wab Access to Documents
*  Full Document Management
* Workfiow Participation

Community Basad \Web Access 1o Docoments

+ Disibutor access 1o deskgns

+ Supplier involvament & workflow pariicipation

+ Qustomer access for approyvals and design
collaboration '

ke = Possible plant access
F fa s
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Thoughts on Future Design Environment

~E




Future Directions

 Collaborative Effort With CSU CREATe
— Develop IDE To Support Joint NASA, CSU Activities

— Expand IDE Capability To Incorporate Teaching and Learning
Objectives

— Develop Insights For Future Design Environment Directions

 Working With Primes (Boeing, Northrup Grumman, and Lockheed
Martin) To Develop Common Development Interests And Tasks



