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PREFACE

As a result of the 1981 Defense Science Board Summer Study
on Operational Readiness, Task Order T-2-126 was generated to
look at potential steps toward improving the Material Readiness
Posture of DoD (Short Title: R&M Study). This task order was
structured to address the improvement of R&M and readiness
through innovative program structuring and applications of new
and advancing technology. Volume I summarizes the total study
activity. Volume II integrates analysis relative to Volume III,
program structuring aspects, and Volume IV, new and advancing
technology aspects.

The objective of this study as defined by the task order
is:

"Identify and provide support for high payoff actions
which the DoD can take to improve the military system
design, development and support process so as to pro-
vide quantum improvement in R&M and readiness through
innovative uses of advancing technology and program
structure."”

The scope of this study as defined by the task order is:

To (1) identify high-payoff areas where the DoD could
improve current system design, development program
structure and system support policies, with the objec-
tive of enhancing peacetime availability of major
weapons systems and the potential to make a rapid
transition to high wartime activity rates, to sustain
such rates and to do so with the most economical use
of scarce resources possible, (2) assess the impact of
advancing technology on the recommended approaches

and guidelines, and (3) evaluate the potential and
recommend strategies that might result in quantum in-
creases in R&M or readiness through innovative uses

of advancing technology.




- The approach taken for the study was focused on producing '
3‘ meaningful implementable recommendations substantiated by quan-

R titative data with implementation plans and vehicles to be pro-

bided where practical. To accomplish this, emphasis was placed

upon the elucidation and integration of the expert knowledge

and experience of engineers, developers, managers, testers and

users involved with the complete acquisition cycle of weapons

systems programs as well as upon supporting analysis. A search

was conducted through major industrial companies, a director 1
was selected and the following general plan was adopted.

General Study Plan

Vol. III e Select, analyze and review existing
successful program

A

Vol. IV ® Analyze and review related new and
advanced technology ’

Vol. II (e Analyze and integrate review results ]
(e Develop, coordinate and refine new concepts

Vol. I ® Present new concepts to DoD with implementa-
tion plan and recommendations for application,

The approach to implementing the plan was based on an ‘
executive council core group for organization, analysis, inte-
gration and continuity; making extensive use of working groups,
heavy military and industry involvement and participation, and
coordination and refinement through joint industry/service .
analysis and review. Overall study organization is shown in
Fig. P-1.

The basic technology study approach was to build a founda-
tion for analysis and to analyze areas of technology to surface:
technology available today which might be applied more broadly:
technology which requires demonstration to finalize and reduce
risk; and technology which requires action today to provide reli-
able and maintainable systems in the future. Program structur-
ing implications were also considered. Tools used to accomplish

p-2
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FIGURE P-1l. Study Organization

this were existing documents, reports and study efforts such as
the Militarily Critical Technologies List. To accomplish the
technology studies, sixteen working groups were formed and the
organization shown in Fig. P-2 was established.

This document records the activities and findings of the
Technology Working Group for the specific technology as indi-
cated in Fig. P-2, The views expressed within this document
are those of the working group only. Publication of this docu-
ment does not indicate endorsement by IDA, its staff, or its
sponsoring agencies.

Without the detailed efforts, energies, patience and
candidness of those intimately involved in the technologies
studied, this technology study effort would not have been

iﬁ possible within the time and resources available.
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OSD/IDA R & M STUDY

CAD/CAM TECHNOLOGY WORKING GROUP

EXECUTIVE SUMMARY AND RECOMMENDATIONS

STATEMENT OF WORK

GOAL.: To identify the means by which computer-aided technologies

can lead to quantum improvements in R § M

SCOPE: 1. Articulate a model of the process of taking a weapons
system from concept to product using computer-aided
technologies

2. Identify critical information flows
3. Define the engineering process that takes advantage of

these technologies

ISSUES: 1. Using CAD/CAM to wire in the implementation of R § M
2. Identifying the unnecessary loops in the process
3. Establishing the concept of significant reduction in

manufacturing time
4y, Information Flows
This Report
Two maior issues concerning Computer-Aided Technologies are developed
in this report.
] Effective Application of Existing Computer-Aided Technologies
. Communications among sub-sets of Computer-Aided Technologies

The effective application development includes all items from Work Statement

Scope, and items 1, 2, and 4 from the Work Statement Issues.
Communications development includes Item 2 from the Work Statement Scope,

and items 2, 3, and 4 from the Work Statement Issues
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In this report CAD/CAM is considered in its very broadest definition from
early design concept, to selection of a "best" concept, to detail engineering, to
drafting, to production engineering, to manufacturing, to product. It is intended
to cover the broad spectrum of Computer-Aided Technologies of which CAE (Computer-
Aided Engineering), CAD (Computer-Aided Drafting or Design). CAM (Computer-
Aided Manufacturing), NC-CNC-DNC (Numerical Control), and CIM (Computer
Integrated Manufacturing) are examples of sub-sets.

Improvements in the application of existing technology or in communications

between sub-sets of these Computer-Aided Technologies will have a major impact

productivity .
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- Effective Application of Existing Computer-Aided Technologies

The Problem: Excellent Computer-Aided Technology exists. More is developing.
Yet, these technologies are often mis-applied, applied too late in the design cycle,
or are simply under-utilized.
Summary: The report articulates a model of the process of taking a weapons system
from concept to product using Computer-Aided Technologies. The model is in the
form of a proposal for the deveiopment of an hypothetical amphibious tracked attack
vehicle, the (ATAV).
The mode! is focused in the Computer-Aided Engineering {CAE) process. It
is an important part of getting a weapons system from concept to product in a mechan-
ical engineering process as illustrated. There are good examples of this same process
in the real world illustrating savings in time and dollars, but more importantly arriving
at better designs because many concepts could quickly be evaluated before the design
became "locked in." Had an electronic chip design been used as an example, the
Computer-Aided Design (CAD) sub-set of Computer-Aided technologies would have been
focused upon. (During this study a highly effective chip design system was observed
at the Naval Avionics Facility, Indianapolis, resident on a CAD/VAX Environment.)
Other sub-sets such as CAM or NC could also provide striking examples of
savings in time and dollars. The linking of these sub-sets then becomes a multiplier
of the effectiveness of Computer-Aided Technologies. The problems of achieving
these links are covered under Communications.

An lllustration:

This illustration of the CAE process stresses the use of a System Model, early
relative evaluation of various concepts using simple or coarse analytical models, and
the selection of a "best" concept before proceeding with design. When applied this

process provides the highest probability that the design effort will be spent on the
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OVERALL PROGRAM
REQUIREMENTS

® Goals

® Detailed Program
Plan and Schedule

COMPONENTS DATABASE TESTING
Previous ]
Experience .
Component Vehicle Loads REFERENCE
REFERENCE Loads REFERENCE TEST
COMPONENT TOTAL VEHICLE Vehicl
UNDERSTANDING Component SYSTEM Model ® Vehicle
Characteristics Correlation e Components )
Understanding
|
Understanding
INITIAL CONCEPTS | Component Load i
DESIGN & ANALYSIS | Specifications Component EXTISTS‘L .
® New Configuration| .~ Characteristics | cOMPONENTS
® New Materials ponent
Characteristics TOTAL
VEHICLE
SYSTEM ]
DESIGN
DETAILED DESIGN Component
AND ANALYSIS OF Loads Verification TEST i
FINAL CONCEPT Component COMPONENTS
® Verification Characteristics e+ e e |
i
Achieved Goals :
. 1
VEHICLE TEST
BUILD VEHICLE
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Overall Approach to Vehicle Design
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most correct design concept so that effort is not spent developing poor concept. Tooling

N~ or other investment do not become locked into bad concepts that are later very difficult to
. change. In most cases, late changes result in cost overruns and patched up products. \‘
::E:.} As this process relates to R § M, the early evaluation of many concepts derives a best ‘
- concept. Careful thought to R € M when deriving this "best concept" assures the l
. highest probability for reliability and "designed in" maintainability . The process ]
o also permits later evaluation of test data with an understanding of what should be

happening in the system. This permits corrections evaluated on design assumption
modifications. Testing no longer indicates a simmple pass/fail. The best fix for the
behavior demonstrated by the test can be developed using the system model.

An examination of some of the savings inherent in Computer-Aided Technologies !

is illustrated here. The first table is from the CAD/CAM Sub Committee report to

MTAG-82, headed by Fred Michel, Director of Manufacturing Technology, US Army

DARCOM.

MTAG-82
CAD/CAM SUBCOMMITTE

CAD/CAM IS PRODUCTIVITY

Product Design Engineers 5 to 1

Process Engineers 6 to 1

Tool Design Engineers 4 to 1

Facilities Engineers 7 to 1

Industrial Engineers 2 to 1

Quality Engineers 3 to 1

N/C Design Centers Productivity 30% to 40%
N/C Programmers 80%

Skill trades 30%

Business 4 to 1

Reduced Lost Time for Direct Labor
Automated Inspection

Equipment Utilization 10% to 20%

Work in Process Reduction 25%

Man facturing Cycle Time Reduction 75% SOURCE: Various

Y
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These results can be multiplied by adding in CAE. It is estimated that an
added 27% in time alone, can be achieved by using CAE with CAD. Perhaps, the
best comment on what Computer-Aided Technologies can do when they are applied
came from the Vice President and General Manager of a major supplier of road
building equipment. Commenting on the use of CAE, he stated that "Not only did
we save $500,000 and 6 months of time, but without this technology we couldn't
have done our redesign this way at all." The company had looked at a combination
of five different configurations for the suspension of a new road scraper. The vice
president noted that it would have taken twice the time and more than twice the money
to evaluate only one concept using traditional methods. The real payoff was the dis-
covery of a better concept before detail design began. Without the use of CAE's early
relative concept evaluation; the company would have spent their year working on
the wrong concept.

Recommendations:

° Promote the use of Computer-Aided Technologies. Computer-
Aided Engineering with early relative evaluation of many
concepts is demonstrated in the model in the report. This
early relative evaluation improves the probability that.all of
the functions that foilow will be applied to the "best concept"
available among the alternatives. It speeds the entire process

by:

] Starting the engineering process with relative
selection of a "best concept."

Builds in reliability by using a systems model to

.

b . SRR

evaluate the effect of components as they are added.
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° Permits the logical thinking through asembly so that

maintenance is enhanced.

° Provides understanding of the final product, by
comparison of test data to the systems mode!. This
permits fast, accurate analysis and correction of

problems that may appear after manufacture.

Each Computer-Aided Technology sub-set has its own "rewards" for proper use.

Companies demonstrating the use of these technologies should be rewarded for their
ability to shorten the weapons development cycle.
. Use the advantages that exist now in each sub-set of the technology
such as CAE, CAD, CAM, NC, CNC, DNC, Robotics, Parts Systems,
and so on to maximize productivity, minimize rework in manufacturing,

and to assure the highest probability that the product produced wili

be reliable and can be maintained.
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:\.:_:T Communications Among Sub-Sets of Computer-Aided Technologies

The problem: Each sub-set of Computer-Aided Technologies has been developed
. to optimize the task of that sub-set, for example Computer-Aided Drafting. It has
i::{:: logically been developed to accomplish the task and to pay for itself out of economic
E':;:'. - paybacks generated by savings within. The sub-set CAD (the drafting function),

is an excellent example of marked gains in time, effectiveness, and lower cost by
the optimization of one sub-system.

The problem is that these sub-sets do not effectively communicate with each
other or, in most cases do not communicate critical information flows at all. The
same data is recreated in many of the sub-sets, mostly by manual transfer of critical

-, information. Re-entry of data costs time and money .
Summary: There are many efforts by bright, dedicated people addressing the
data communications and interfacing problems. These include.
. IGES - Initial Graphics Exchange Specification
supported by the National Bureau of Standards
[ ANSI - American National Standards Institute
° IPAD - Integrated Program for Aerospace Design
supported by NASA
° I-CAM - Integrate‘d Computer-Aided Manufacturing

*
supported by the Air Force

° CAM-I Computer-Aided Manufacturing International

supported by the {ndustrial Community

. Standard Communications Protocols (i.e. ETHERNET, DECNET.
SNA, etc.

) Standard Graphics Specification (i.e. Sigraph. ANSI, GKS,
etc.)
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The successful implementation of one of these efforts or others like them,
is inadequate to solve the problem. The implementation and coordination of all of
them is necessary to relieve our current situation and define the direction for fur-
ther investigation. Because the task is so large, it is important that we provide the
funds to accelerate current efforts and develop interfaces and integration capabilities.
If this is accomplished the payoff's will far exceed that which is now planned.

Recommendations:

° Fund a demonstration system by designing an integrated
system, developing and installing it at a major defense
contractors shown schematic in Figure 1.

° Fund NASA to accelerate the IPAD project and move the
Data Base system being developed to several other com-
puters.

. Fund the National Bureau of Standards to provide working
funds to the IGES working groups, in order {o accelerate
the format specifications of CAD data and develop modules
which make the data compatibie with data base management
systems.

° Fund the Air Force to accelerate the I-CAM programs for
manufacturing and provide compatibility with the base
management systems.

. Fund CAM-| to complete the specifications for transferring
data and interfacing with a geometric modeling module.

o Fund the development of a generic geometry manipulation
module starting with CAM-{'s interface specifications and

Boeing's geometry specifications.

10
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Fund the development of a generic user interface and 3D graphics

display module.

Provide matching funds to the CAD software and hardware manu-
facturers to implement the data transfer formats which are specified.
Fund the computer manufacture to provide compatibility among the
several communications protocols which are being developed.
Provide matching funds to defense contracting to accelerate the
implementation of a data base system in their product development

cycle and use of the other modules which are being developed.

11
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Recommendations Summarized in Terms of Technology Issues

TECHNOLOGY INSERTION

Currently, there is an extensive base of CAD/CAM technologies. However, 1
these technologies are often improperly applied, applied too late in the design pro- ‘
cess or are simply not used enough. The effectiveness of these technologies has been
shown in major commerical applications and, to a lesser extent, in some military -3
developments. Although there is a general awareness of the potential offered by CAD/

CAM, the hinderances to its wide use center around the understanding of the many

benefits that it can provide in specific developments and a full comprehension of the 3
magnitude of the return on what is perceived by management to be a substantial

investment. Therefore, the primary issues that confront the use of present CAD/CAM

technology are: (1) the need to develop a CAD/CAM awareness campaign; (2) the need “]
to establish incentives that make it economically advantageous (in the short term) for

industries to employ CAD/CAM.

TECHNOLOGY MATURATION g

There are now several programs underway for the maturation of computer-aided
design and manufacturing (CAD/CAM) technology. Consequently, the primary issue
for rapid CAD/CAM maturity is one of accelerating these programs in order to conduct g |
critical capability demonstrations. Programs that should be accelerated and/or expanded
are: the NSAA IPAD project; the NBS IGES working groups; the Air Force |-CAM pro-
ject, development of generic geometry manipulation modules starting with CAM-I inter- 4

. face specifications and geometry specifications. Projects that develop compatibility

E_: among the several communication protocols and the development of cortractor data base

.

E- systems should be strongly encouraged to control the data flow between different >
i., distributed data bases. These efforts should be accompanied by the establishment of

~

gz an integrated CAD/CAM system at major defense contractors to serve as a demonstration

;' of CAD/CAM capability . 1
iy

:
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TECHNOLOGY CREATION

The primary technology creation issues for CAD/CAM technology are the

development of:

A generic three-dimensional geometry model or "engine" .

A generic user interface module.

Systems to control the flow of data between distributed data
bases of various CAD/CAM subsets.

Modules to provide manufacturing constraints and related data

in real-time during the engineering design process which would

povide a feedback loop to design from manufacturing.
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INTRODUCTION

The purpose of this report is to articulate a model of the process of
taking a weapons system from concept to product using computer-aided
technologies. Since CAD/CAM technologies have been available for a
number of years the logical question is "Why haven't greater benefits in
R & M been achieved using CAD/CAM?" This report will provide some in-
sight to this question by examination of the engineering process that takes
advantage of CAD/CAM technologies, and the examination of critical infor-
mation flows in this process. Both the process and information flows will
be described in the model (Partil). Part !l wil! focus on Communications
of information flows.

In the context of this report CAD/CA'M is considered in its broadest
definition. In its earlier years, CAD was, and stiil sometimes is, defined
as Computer-Aided Drafting. It was considered to be an automation of the
drafting process. As such it did and still does provide quantum advances in
productivity by cutting the time required to produce drawings significantly.

CAD, in this paper, includes Computer-Aided Drafting and it includes
Computer-Aided-Engineering. CAE is defined! as a set of engineering appli-

cations based on four interrelated computer technologies:

1. Computer data bases and communications
2. Computer graphics and geometric modeling
3. Computer simulations and analyses

4. Data acquisition and control

Each of these four areas of computer applications provides tools for
modeling product performance. CAE modeling tools have their highest

leverage and the highest ultimate pay backs when applied early in design.

IMarks, Peter, Man aging Computer-Aided Engineering Technology, AMA

Management Briefing., 1983, American Management Associations, New York.
Page 8.
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N3 CAM refers to Computer-Aided Manufacturing. This is in the form

A

S of numerical control programming, parts coding, or other machine instruction

tied into a data base created by a CAD system, or in some cases geometric

)
:-" data directly from a CAE model.
X
.‘t:,'v < Computer-integrated Manufacturing, CIM, is being used by various
writers to describe an integrated system or CAE, CAD, CAM, Robotics, and
data bases to describe factory automation or "Factories of the Future."
= One set of tools that describes these Computer-Aided Technologies is

the GE Engineering System used in mechanical engineering to speed the

product development process.

YA
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This describes the parts of a CAE-CAD-CAM-CIM System in terms of

tools. Let us now look at these tools as they could be applied to the develop-

, ment of a new amphibious tracked armored vehicle, or hypothetical ATAV.

':}: THIS MODEL OF THE DEVELOPMENT OF THE ATAV IS BASED ON

‘ COMPUTER-AIDED ENGINEERING (CAE) AND ITS BENEFITS  EACH SUB-SET
R

OF COMPUTER-AIDED-TECHNOLOGIES SUCH AS CAD, NC. ROBOTICS. PARTS
SYSTEMS, ETC., HAS IT OWN EFFICIENCIES NOW EXISTING THAT SHOULD BE
FULLY EXPLOITED TO IMPROVE PRODUCTIVITY .

The message this part of the study is trying to convey s to USE WHAT

EXISTS, or the INSERTION of existing technology .

L~ NOTE:

The reader may substitute other CAE tools as appropriate in this model,

. for example where NASTRAN is used, ANSYS might be substituted. The
- author has used programs with which he is most familiar. See Appendix E,
]
j CAE Computer-Aided Engineering, 1982 SYSTEMS ¢ Software Annugl for a
‘ representation of other available programs.
S
A
)
-
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PROGRAM MODEL FOR COMPUTER-AIDED ENGINEERING 1
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Weapon Requirements
Specifications and
Cost Target

Create Concept Based
on Experience and
Previous Design

Layout

Detail Drawings
and Theoretical
Analysis

Build
Prototypes

Test Prototypes

Modifications

Final Drawings and
Technical Documentation
for Manufacturing

Weapon Follow Up
in Service and
Manufacturing

Figure 1

Mechanical Engineering
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1. Model Introduction and Objectives

The traditional process for the development of a weapons system 3
like the ATAV is shown in Figure 1.

This simplified flow chart shows the development process that
traditionally starts with a concept based on prior experience, more q
likely with a former amphibious vehicle that will be "modernized" or
"upgraded" to the new weapon. The result of this process is a set of
drawings and technical documentation which is passed "over the wall" A
to manufacturing. Manufacturing is then expected to manufacture a low
cost, quality product. Frederick J. Michel, Director, Manufacturing
Technology, US Army Development and Readiness Command, in his 3
CAD/CAM Subcommitte Report for MTAG-82 stated this problem very
well, "And with the event of CAD and CAM this problem has not gone
away ... with the computerization of the engineering and design activities R
and the introduction of CNC, DNC, FMS, simulation and other techniques
on the factory floor, we have not changed our approach. We continue to

think of engineering and the factory as two separate entities, two separate

3
two separate worlds."
For our hypothetical case, ABC Ordnance Corporation has embarked
on a plan to improve productivity. We will examine this increased pro- .
. ductivity by increasing automation of the engineering process. ABC
Ordnance Corporation has already taken a typical first step in this pro-
if cess, the acquisition of a Computer-Aided Design (CAD) System. The 1

._I! next logical step is to provide the analysis, design, and test engineers
with automatic access to the geometric data residing on the CAD system.

‘s, Finally, an integrated set of analysis, design, and test software tools




PR N - - .
R S LA e
L WP AR

- ..'.‘ .

v R A ' ons e Sl asuiPer- STt
e e B AU e A A g S Y- ST A ASC A AL A AR

and compatible computer hardware should be incorporated to complete
the total Computer-Aided Engineering (CAE) system. This process must
be tailored to meet the specific needs of ABC Ordnance Corporation. It

should have the capability of sending geometric data to manufacturing.

SDRC proposes to assist ABC in meeting this important objective.
We are confident that together we can put ABC on the forefront of CAE
technology. The accompanying increase in productivity will help ABC
remain a major force in the military tracked vehicle market.

ABC Corporation is about to begin a'sixteen—month effort to design
a new amphibious tracked armored vehicle, the ATAV. Features of this
new vehicle include:
20-man capacity plus 3- man crew
low mass for air transport and buoyancy
low cost
C-141 airlift capacity
mobility over 9-foot wide trench, 3-foot high wall

rear door loading
high speed over land and water

Since this is a competitive design phase, it is important that ABC
develop a vehicle that meets or exceeds government specifications with
the lowest possible mass and cost and the least development risk. Since
prototype hardware will not be tested during this phase, it is important
that ABC analytically demonstrate the specific performance capability of
the new design.

Design concerns to be addressed in the ATAV conceptual design
include:

. Packaging

- maximum space utilization
- minimum external size
- crew capacity

- gun clearance
- mass properties

23
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Buoyancy
Ballistics/survivability
Visibility
Mission variants

(packaging and performance)
Mobility (water and land)
Ride
Vibration
Acoustics
Gun stability
Strength
Fatigue
Reliability
Maintainability
Manufacturing - tolerance
Maximum Mission Effectiveness
Minimum Cost

- Rollaway
- Life Cycle

By using the ATAV as a "pilot project" for transferring CAE
technology into the ABC Ordnance Corporation, the opportunity exists
to simultaneously optimize the vehicle design for high performance and
low cost.

As shown in Figure 1, the envisioned CAE technology transfer
program spans a time frame at leas® through the end of 1983 and possibly
well into 1984. The timing depends upon ABC plans for computer hard-
ware and software acquisition, training, staffing, etc. This obviously
will entail a substantial commitment of funds. One of the most important
tasks to be accomplished this year is to develop a CAE implementation
plan. This joint effort between ABC and SDRC will result in a compre-
hensive plan including costs, schedules, and estimated incremental
payback (ROl).

To facilitate technology transfer, a team approach is envisioned
in which ABC and SDRC engineers will work together on all aspects of

the project. Some tasks will involve predominantly ABC and others

24

NS \.

Ry .r.. e JL.'. O RIS T NS ERE




'''''''

OVERALL CAE IMPLEMENTATION SCHEDULE

1982 1983 1984
PHASE |
CAE EVALUATION
PLANNING AND
APPLICATION TO
ATAV
DETAIL SCHEDULE
AND COST
PHASE Il
CAE IMPLEMENTATION
e TOOLS
® PROCESS
® APPLICATION
PHASE Il

® CONTINUED APPLICATION
e ADVANCED DEVELOPMENT
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predominantly SDRC, but all will be coordinated by the ABC and
program managers to achieve program objectives. The proposed

program consists of:

] CAE process
° CAE tools
° CAE application

These are discussed in detail in Section 3.
Cost and schedule information in this proposal covers tasks to be
accomplished in 1982. Some tasks will continue into 1983, and several

will not start until next year. Obviously, all of this is subject to ABC

A A

approval. We have attempted to prioritize tasks to keep the overall

Cansh

rd

program within scope. We are anticipating changes as we begin to
interact with ABC and tasks become more clearly defined. For this

reason, we have quoted costs on a time-and-materials, not-to-exceed.
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- 2, CAE Approach

The CAE process as applied to vehicle design is shown in Figure 2. i
The process begins by defining in detail the vehicle design goals and
constraints from government specifications and system mission analysis.
A thorough review of previous similar ABC vehicle design, test, and
analysis experience is carried out to document an initial design data
base. Reference testing and analysis are carried out as needed to supple-
ment existing ABC data and to further understand the prior vehicle's
behavior. The objective is to begin the new design from a position of

knowledge. The reference vehicle review can be carried out as three

tasks. {
(1) testing to more accurately define loads and to correlate

analytical models,

LTt et
PR IRP IR T TR

(2)  total reference vehicle system models to understand the (

fundamental causes for the performance of the existing

) vehicle, such as ride, and

(3) individual component analysis to determine and understand 1
existing components' behavior such as torsion bar or track

~7 bushing life.

Without this important reference knowledge to guide the new

design, much more time and costly iterations are required in the new
. design tasks or a less than optimal vehicle results. Understanding is
the result of the reference review.
The CAE new vehicle design activity centers around a series of
- total vehicle system models. These start with simplified or coarse design

concept vehicle simulations that allow investigation and ranking of new

28
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new overall vehicle configurations. In conjunction with this, new

component designs are developed with timely analytical support
leading the designer. The total vehicle simulations define component
loads and specifications while the component design and analysis work
updates the total vehicle simulations with actual component character-
istics. The exchange of timely information between the component
designers and the total system designer is a critical aspect of this
program. It is important in this early stage ot the design process that
all analysis work be done as simply and quickly as possible. This is
necessary so that the analysis work can lead the design, rather than
simply validate the finished design when little time is left. New com-
ponents that may already exist may be tested at this time to obtain their
properties to refine the system models.

For the ATAV, this initial concept design phase ends nine months
after the start of the program.

The design geometry, total vehicle simulations, and component

models become more detailed as the final design becomes better defined.

Detail models of critical areas previously identified such as joints, corners,

fasteners, etc., are developed to guide the design of these areas.

The detail design phase is completed approximately sixteen months
after the start of the program. As prototype components become available,
they are bench-tested to quickly validate their performance.

A prototype vehicle test is carried out when the initial prototype

vehicle is built. The objective is to quickly verify vehicle and component

29




performance. If any problems are discovered, the previously developed

simulations are used to quickly investigate design modifications.
Documentation of all program results is stored in the "corporate"
data base.
Let us now look at each of the tasks in the CAE process as they are

applied in a project.
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".:ij'. PHASE [: PROJECT INITIATION
o Task 1: Program Requirements
( The objective of this task is to accurately define and set the
::-‘f' vehicle specifications, goals, and constraints. This will be accomp-
R lished through the government specifiations and a study of the vehicle's
<7
mission analysis. Specific areas to be defined include:

:_::'_; ° Design Criteria

v

T - speeds

N - range

- capabilities

1_ ° Duty/Cycle/Environment

e ° Features

-7, ° Commercial Components

e ° Noise

B ° Ride

~ ° Qutside Dimensions

o ] Mass

. Cost

- ° Manufacturing Facilities

This task will result in a detailed engineering description of the
nevs vehicles and hence guide the design effort. These overall specifi-
'_:‘_: _ cations must remain fixed throughout the development program - since
. the CAE process will fully optimize the design, relatively small changes

’l

. can drastically affect it and cause previous work to be discarded.

A

o . At this time, detailed planning and scheduling of the project

. team's tasks should be completed. This includes manpower and facilities
a . . . . .

" planning as well as program organization and timetable scheduling.

‘: Specific action plans for each design team individual will be defined.
“. -._

-: -~
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:f-:_ Task 2: Data Base Review

£

o The objective of this task is to review and organize previous
{ vehicle design, test and analysis experience as a starting point for

AN the new design. Implied in this effort is the selection of an existing
\

R reference or vehicle similar to the ATAV such as the M-113 vehicle or

N ¥

the ALVIS AVP.

;:'.f Previous data base information could include:

AV ° Vehicle/Component Loads Set

- ° Duty Cycle 1

° Previous Test and Analysis Data for All the Design

= Concerns

o [ Reference Performance Levels that are to be Achieved

X0 or Bettered - for Example, Ride and Ncise
R ] Previous Field Problems

- ° Cost/Mass Breakdown of the Reference Vehicle {
~._, The purpose of this review is to understand the fundamental
_-'.: behavior of the reference vehicle (with known field performance) .

-

:j This will help to direct the new design efturt most efficiently. For 1
example, it is important to know why the existing vehicle has good

o

R or poor ride quality, what causes its noise level, or why critical com-

'::: ponents fail before the new design starts. {

' Plans should be made to obtain any important missing information

; from either testing or analysis of the reference vehicle as described in

the next section. ‘

:j:
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PHASE |I: REFERENCE VEHICLE REVIEW
The objective of the reference vehicle review is to obtain any important {
missing information about the reference vehicle. This activity can include:
\- ° Reference Testing
' ° Reference Total Vehicle Simulations ‘
] Reference Component Analysis
“ Task 1: Reference Tests
T
The reference vehicle testing may involve a series of tests
" to be performed on the reference vehicle. These tests either measure ‘
. S.: important parameters directly (such as loads) or measure characteristics }
.':1 (such as stress) to correlate and support reference analytical model ‘
N
;_'j development. As in all phases of this program, a close interaction |
._ between the testing and analytical work is important. This is achieved 1
“h through the program manager. |
-. y Potential testing activities include: |
;}_ () Operating Loads Test - The objective is to accurately define |
:;: a vehicle duty cycle and vehicle load set that can be applied |
: to analytical models. Both shock absorber, spring, bump
::.5: stops would be instrumented at several wheels. In addition,
accelerometers would measure overall vehicle motions. Data
e |
would be processed in histogram form to conveniently docu- ‘
_:::1 ment the duty cycle. 1
. [ Structural Behavior - The objective of this test is to measure
?;: strains and deflections in critical components at selected areas
[
jf_ j (such as the frame joints or corners). These measurements
t would be obtained during a series of prescribed duty cycles
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and staged events. This information would then be used to
correlate an analytical model to the test data to ensure that an
accurate simulation is obtained.

Ride/Vehicle Dynamics Test - The objective of this test is to

measure the actual ride of the reference vehicle over a known
terrain. These ride levels are again compared to an analytical
simulation to ensure that an accurate simulation is obtained.
The reference vehicle ride levels become the design goals that
the new vehicle must achieve. Acceleration at several locations
would be measured and input to SDRC's RIDEINDEX program to
predict watts absorbed and hours to decreased proficiency.
Vehicle dynamic structural characteristics such as resonant
frequencies and deflection mode shapes would also be measured
at this time.

Operator and Passby Noise Tests - The objectives of these

tests are to determine the reference vehicle noise level for
comparison to the new vehicle and to determine noise sources
and noise paths. This information will guide the new vehicle

design with respect to reducing noise levels.
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Task 2: Reference Total Vehicle Simulations

‘l‘o
B A
-'

'I

The purpose of developing and correlating reference vehicle

,“.

simulations is threefold:

O ° to develop confidence in analytically predicting

| AR

L"\n

[N vehicle behavior since no hardware will be produced

o in the first sixteen months' effort.
- ° to understand fully the behavior of the reference
vehicle so as to guide the new design effort.
. to serve as a baseline to evaluate the new vehicle's
performance
A series of vehicle simulations may be developed to include:
] Loads Model - From the overall vehicle load set of, say,
5 G bump, 9 G pothole, etc., a loads mode! is developed
to predict component loads. These loads are then used
to design and analyze components.

° Ride/Vehicle/Dynamics - A simplified vehicle structure/

suspension model is developed. Modes and vehicle ride
are correlated to the test-measured data.

] Buoyancy Model - The vehicle buoyancy model is

developed and compared to actual buoyancy measurements.

o Other Total Vehicle Simulations

In many cases, the new vehicle simulations will be simply modifi-

cations of these references vehicle simulations.
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~ Task 3: Reference Component Understanding
:jj The objective of this activity is to understand critical com- ]
_. ponent behavior under the various component load cases generated
-- from the previous system models. Finite element models of the critical
_ components are developed, and their stiffness and stress distributions {
are determined. Carefully studying these component analyses in terms
‘ of load flow with the component, type of stresses, etc., provides an
understanding of why the component is good or bad. This insight is 1
then used in the subsequent task of new component design to guide
"Ei the new design effort.
-
‘:}:( Computed component characteristics, such as hull stiffness and 4
, mass distributions, are used to improve the total vehicle simulations
previously described.
Task 4: New Vehicle Design 1
i The objective of this task is to design the new vehicle with
-; appropriate analysis and test support. The vehicle design phase is
:.::: separated into a concept design phase and a detailed design phase as 1
: in the ABC program plan. Each phase is comprised of several inter-
-
:':: active tasks--hence the need for effective program management. In
2: addition, all of the vehicle performance factors (often conflicting) 1
must be addresssed as the vehicle is designed.
:;ﬁ.: The concept design phase begins with generating overall total
2':: vehicle and specific component concepts. These conceptual ideas are 1
. supported and evaluated with appropriate analytical tools. It is
+
l‘-’ necessary to iterate between the total system and components until an
3
24
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acceptable initial design is achieved. The rapid interaction and
communication of information between the component design team
(design, analysis, and test engineers) and the total vehicle designers
in this early phase is critical to the overall success of the vehicle
design. The right decisions have to be made at this time so that
the "best vehicle" concept and component concept designs are
selected for subsequent optimization. To make these design decisions,
analytical support information and guidance must be available quickly.
Test support for new existing off-the-shelf components that may be
used in the new design is also provided at this time.

The detail design phase then proceeds after concept finalization.
Both the design and analytical support work become more detailed to
answer specific design questions. Design iterations continue until
program performance goals are achieved.

Total Vehicle System Design

The objective of this task is to design the overall vehicle con-
figuration and to optimize the vehicle performance concerns. Based
on experience and the previous reference review, new vehicle concepts
are developed in brainstorming sessions with ABC and SDRC personnel.
The GEOMOD, SYSTEM DESIGN, and CAD graphics tools are used to
visualize and explore system packaging optimization.

Various total vehicle system models are then developed (or previous

reference models are modified) to evaluate the initial vehicle concept

design configurations. These simple system models will help the design

‘s team:

‘ Compare to reference vehicle performance
Ci g . Give relative evaluation of changes in configuration
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Give relative evaluation of changes in configuration
Relate vehicle performance to various component

characteristics
(parametric studies)

Define component specifications and loads
Assist in selecting the best configuration

A series of total vehicle system models will be developed to

address each of the vehicle performance concerns. These include:

Performance

Mission Effectiveness
Packaging

Mass

Cost

Buoyancy
Ballistics/survivability
Mobility

Visibility

Ride

Vibration

Acoustics

Gun stability

Heat balance
Strength

Fatigue

Wear/life

Reliability
Maintainability
Manufacturability

CAE Tools

CAD/CAM
GEOMOD

SYSTEM DESIGN
IMP
HYDROSTATICS
BALLISTICS
SUPERTAB
SUPERB/NASTRAN
OUTPUT DISPLAY
FATIGUE

SYSTAN

RIDE INDEX
MODAL-PLUS
ACOUSTICS

PAPY

CAM

It is likely that these various system or total vehicle performance

factors will lead to conflicting objectives and requirements for the com-

ponent designer.

These total vehicle simulations define component loads

and specifications to the component designer in an interactive manner .

That is, as the component is designed and its actual characteristics are

more clearly determined, the system models are updated and new overal|

vehicle responses predicted and compared to the goal values. Hence, as

design proceeds, a series of loops is created between the tota!l vehicle

and the component designs.

It is important that these total vehicle and

component models are initially simple so that they can be exercised
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quickly by the design team to answer "what if" design questions.
They lose much of their impact if they track behind the design, and
design direction is then lost.

As the concept design is finalized and detail design continues
towards the final prototype design, these system models become more
detailed and predict more accurately the total behavior. They answer
increasingly more complex design questions on a firmer design. That
is, they are used to fully optimize the selected design for all the: per-
formance factors.

New Component Design

The objective of this task is to define and develop efficient struc-
tural component concepts and designs. Based on experience and the
reference component evaluation, new component design concepts are
generated with new structural configurations or alternative materials
by the various component design teams.

Starting from the total vehicle simulations, a component load set
is defined as well as potential packaging space allocated within the
vehicle. A simplified yet accurate geometric model is developed to
define the packaging constraints from the overall package layout. The
component design teams develops various component concepts in rough
geometric form suppo-ted by simple analytical tools. The best concept
is selected considering performance as well as cost and ease of manu-

facturing.
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As in the use of total vehicle models, the component analysis
is only useful it it is fast enough to "lead" the design and guide the
designer rather than following the design and simply verifying that
it is acceptable or unacceptable.

The underlying principle here is to use the analytical tools to
quickly predict the performance of several potential design concepts.
The intent is to obtain an understanding of the fundamental structural
characteristics which [ead to improvement and eventual selection of
the overall best component design. Too often, analytical tools are
used only to confirm or reject the thickness of a part that is completely
designed and no time remains for the analytical work to impact the
component design questions. These may be broken into local models
of critical areas previously defined by the coarse concept evaluations.
By applying standard weld concentration factors to the nominal near
welds as well as by knowing the component duty cycle, fatigue life
for components can be estimated.

Zomponent characteristics, such as stiffness, and mass distri-
butions that are determined in this phase are then fed back to the total

system models to improve their accuracy for predicting total vehicle

performance. Again, this is an iterative and interactive process with

continuous communication between all team members. Final component
layout drawings are produced on the CAD system. Manufacturing soft-
ware is utilized to generate N.C. tapes as appropriate to build a proto-

type.

45

LA PN N
~. '~..' - ‘v",-.l. _--"- e F

S et RS -_,.,.'..‘{-’ Pk
Wiy )*(" .Af':}}.r:':!_’.ﬂ_‘.ﬂ.n:l}

.._:.
P Y *



T T Ty - e od -
Nt At ) WML, W e LSRN AR A s A -'_»?»hu'_ CalNuak .'_.. _r _:& ~° \r_.(\fv“- _.'-_Lv-.-~'_.. MR PR A R AU A APl et | '-r._'
S S T e e LA S

New Component Testing

The objective of this activity is to support the new vehicle develop- )
ment through testing of off-the-sheif components or to test new design
concepts in either a cobbled prototype or new component testing activity .

New off-the-shelf or commercially available items may include .
shocks, powertrain components, weapons systems, etc. The intent is
to determine their characteristics for use in the previously discussed

system models. An example could be the noise and vibration character-

istics from a new proposed transmission or engine. Their particular
excitation would be used as input to appropriate vehicle simulations to
determine compatibility with the total vehicle.

Testing of any fabricated prototype ABC components should also
be carried out as these parts become available. Their stiffness and
stress levels should be measured under the system-determined load
cases and boundary conditions discussed earlier. These results should
be compared to predicted component stiffness and stress values. If
overstressed areas are found, the component models should be refined
to duplicate the failures, and design modifications should be generated

until an acceptable performance is obtained.
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Task 5: Prototype Build and Test

Final prototype testing pinpoints any critical areas that the
analytical approach may have missed. For example, if a stress pro-
blem is discovered because a component model was too coarse or weld
concentration factor too low, the component or system mode!l can quickly
be modified to correlate to the test data and design modifications can
be implemented until an acceptable design is achieved. Hence, previous
analytica! models significantly speed up the hardware development phase
by helping to identify successful fixes to test identified problems.

The prototype tests also correlate all of the previous analytical
work that will become the data base for the next generation vehicle.
Hence, the reference review phase will have already been carried out
for the next generation vehicle.

The prototype testing would be comprised of two phases: First,
short duration, extensive tests aimed at documenting ride, noise, dynamics,
structural behavior, and fatigue life estimates would be conducted.
These attended tests would involve recording data for certain staged
events and duty cycles. This would provide information to confirm the
analytical models us~d in the design phases and to identify possible
problem areas. These tests would have many tasks in common with
those described for the Reference Vehicle Tests. Second, longer
duration, unattended tests would be conducted aimed at documenting
duty cycles and strain levels. This strain information would be collected
using small microprocessor data storage units that can be left on the
vehicle for longer periods of time. The resulting data, which is in
histogram form, would be suitable for duty cycle confirmation and

fatigue life estimates.
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Task 6: Documentation

The objective of this task is to completely document the project
results. If this is done properly, this project will serve as the reference
vehicle for the next generation vehicle. Hence, no reference vehicle
work would be required in the next vehicle design program.

Documentation should be in detailed report form as well as in a
computerized relational data base. SDRC supports the REGCIS data base
program developed by General Motors Corporation.

The data base documentation should be an ongoing process during
the entire program as resuits of various tasks will be required during

the project execution.
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PHASE IIl: CAE TOOLS

The total set of design tools required to fully automate the design
of new high performance vehicles is shown schematically in Figure 3. This
proposal is concerned only with CAE and its interfaces with the CAD geometry
data base in place at ABC.

Major elements of the CAE software system envisioned for ABC tracked
military vehicle design are shown in Figure 4. These CAE tools are either
geometry-, testing-, or analysis-related tools for the design engineer. The
diagram illustrates which tools are linked together or feed each other. Some
of these interface links wiil have to be developed. The design concerns
addressed by the various tools are shown under each tool.

Starting from the CAD geometry data base, the GEOMOD solid modeling
program can create component geometric models and perform packaging studies
such as interference checks. These components can then be assembled in
SYSTEM DESIGN to study visibility, vehicle packaging, vehicle mass, center
of gravity, cargo capacity, etc. In conjunction with the IMP mechanism pro-
gram, dynamic interferences can be investigated such as during full range
gun excursions. The Hydrostatic Properties program also interfaces with
the vehicle geometry to predict the buoyance properties of the vehicle. The
results of the Ballistics program can also interface with the vehicle geometry
to predict the crew survivability for a variety of hits.

The SUPERTAB program interfaces to the geometry data base and is
used to develop the finite element models of components. These models are
then run on the SUPERB or NASTRAN program with output sent to the OUTPUT
DISPLAY program to make it easier to visualize results and predict component

stresses and deflections. The various component properties are input to SYSTAN
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to develop overall vehicle system models for studying vehicle vibration,
component loads, and vehicle dynamic response. Total vehicle properties
are then input to the RIDEINDEX program to predict hours to decrease
proficiency or watts absorbed by the crew for various types of terrain.
The SYSTAN and SUPERB program results are input to the FATIGUE
program to estimate individual component fatigue life.

Test data from actual vehicles such as strain or acceleration
measurements is input to the DATA ACQUISITION program. This infor-
mation can be manipulated in the PAPY program to evaluate more easily
a product or to the FATIGUE program to estimate life. The MODAL-PLUS
program is used to determine a product's dynamic performance such as
frequency response and deflection mode shapes. Specialized ACOUSTICS
software exists and for determining cavity resonances, identification of
noise sources, and sound pressure levels from vibrating surfaces.
Finally, the MODAL-PLUS program can be used to determine component
properties experimentally for inclusion in the SYSTAN system simulation

programs.
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PHASE 1V: CAE APPLICATION

Now that the specific tasks of the CAE process have been described, let
us look at the application of computer-aided technologies to some specific items

as shown in Table 1.

Table 1. Computer-Aided Engineering Discussion List

ATTACHMENT Il (RFQ)

1. Computer Interface

2. Autoloader, Gun Stability and Accuracy with Modal Analysis
3. Buoyancy

4. Acoustics

5. Vibrations/Fatigue-Structure

6. Structure-Test-Feedback Design Technique

7. Fatigue Life Benefit of Case Hardening Torsion Bar Applications
8. Tolerance Analysis

9. Clearance Evaluations

10. Torsion Bar Cumulative Damage Analysis

11. Elastomer Fatigue Analysis

12. Weight and Mass Properties

13. Ballistics-Shotline Programs
4. Transmission Torsional Vibration Analysis
15. Power Train Programs

16. Hull/Structural Analysis

17. Composite Structure
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4.1: Structural Analysis

Objective:
Develop a structural dynamics computer program which will allow
vehicle configuration data to be extracted from ABC's/CAD System and

analyze the stress and deflections throughout a tracked vehicle unitized

hull for a variety of input dynamic load conditions.
4.1.1: With the aid of ABC personnel compile a catalog
of existing ABC hardware and software.
4.1.2: From 1.1 above and a subset of programs shown
in Figure 5 attached, draw a CAE plan for ABC
for both near-term and long-term goals. This
includes:

a. Checking out the characteristics and appli-

cability of ABC's CAD System and IGES File
for this program.

b. Evaluating the CAD System for this program
and making a written report to ABC on its
applicability, program adaptability, and
problems.

c. Checking out ABC's operation system for this
IBM computer facility, and evaluating needs
for development of this program.

d. Recommending program equipment and pro-
cedural changes for ABC's current facilities
which would further the application of the

above computer program.
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4.1.3: Provide the programs recommended in 4.1.2 above
with complete user documentation. Also assist in
making the programs operational on existing and new
hardware at ABC.

4.1.4: Using hull structural analysis as an example and using
ABC personnel, demonstrate the capability of the above
program package and documentation on ABC equipment.

4.1.5: Provide the following communications:

a. A progress meeting to be held weekly between

ABC and SDRC alternately at each company's
facility .

b. A monthly letter-type progress report to be sub-
mitted to ABC by the tenth of each month.

C. A final report, program package, and docu-
mentation to be delivered to ABC at program
completion.

d. An interface and contact relationship with ABC
personnel such that ABC is fully aware of the
program development work and is able to use,

update, and maintain the program after completion.
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4.2: Buoyance Analysis

Objective:
Develop a buoyance floating vehicle attitude computer program which
will allow vehicle configuration data to be extracted from ABC's CAD System.
And, in conjunction with the ABC current Hydrostatic Properties Program and
independently supplied weight and center of gravity data, determine the
buoyancy, reserve buoyancy, hull waterlines, and vehicle righting moments
for any pitch and/or roll displacement.
Approach:
4.2.

1: Learn from ABC personnel the current capabilities

of the ABC buoyancy program. Investigate the

potential for buoyancy calculations including pitch

and roll. Investigate programs available for Naval
architects.

4.2.

2: Develop a specification for the optimum capability and

cost program to meet the following constraints. The
program should also be flexible enough to allow vehicle
configuration data to be input or changed manualliy .
The program should be able to autoria ‘cally interface
with ABC's CAD System and easily accommodate
revisions to that system. The overall program should
use or adapt ABC Hydrostatic Properties Computer

Program and be able to accommodate future changes

which might be expected to develop for these programs.
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f'.: This includes:

‘ " a. Check out the characteristics applicability of
ABC's CAD System and IGES file for this program.
b. Evaluate the CAD System for this program and

:: make a written report to ABC on its applicability,

program adaptability, and problems.

c. Check out ABC's Operating System for its IBM

: computer facility, and evaluate needs for develop-
LN ment of this program.

! 5 d. Recommend program, equipment, and procedural
: s changes for ABC's current facilities which would

_ further the application of the above computer

=

) program.

:( - 4.2.3: Make necessary changes to software including the addition
‘_ of programs shown in Figure 5 and make the new program
:EE operational on the ABC equipment.

~5 ‘A 4.2.4: Use ABC personnel to demonstrate the capability of the

- above program package and documentation on ABC equip-
'-. ment; use ATAV vehicle designr for this purpose.

:_ 4.2.5: Provide the following communications:

- a. A progress meeting between ABC and SDRC

" alternately at each company's facility .

:::':',“ b. A monthly letter-type progress report to be

NG )

‘ submitted to ABC by the tenth of each month.
9
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C. A final report, program package, and docu-
mentation to be delivered to ABC at program
completion.

d. As interface and contact reiationship with ABC
personnel such that ABC is fully aware of the
program development work and is able to use,

update, and maintain the program after completion.

-:_ 4.3: Autoloader, Gun Stability and Accuracy with Model Analysis ﬂ
Objective:

~ To develop an analysis procedure utilizing a computer model for
identifying vehicle mode shapes and frequencies to be used for the design and
analysis of armament mountings.
Approach:

o 4.3.1: With the aid of ABC engineers identify the dynamic

problems associated with the integration of the

armament assemblies with the vehicle.

Develop an analysis plan utilizing the computer pro-

grams recommended in Figure 5 for Task 3.1 and

SYSTAN. Define the input data and sources (test,

data library, design drawings) and typical operating

constraints. Define data and format required by N

armaments engineer .

Implement plan and check out by application to the

ATAV armament using ABC engineers.

Document, report, and set up permanent ABC/SDRC

interface for hot-line assistance.

Y
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4.4: Vibrations/Fatigue - Structure

Objective:

To develop an analysis procedure utilizing a computer mode! to

analyze the vibration response in a system over the operating life of the

system and feed data into a computer program which will provide a statisti-

cal evaluation of the reliability of the system from a fatigue standpoint.

Approach:

4.4.1:

4.4.2:

4.4 3:

4.4 4:

4.4.5:

4.4.6:

With the assistance of ABC engineers identify all
vibration-and fatigue-inducing environments during

the service life of a vehicle. ldentify all fatigue-
sensitive areas of the structure.

Develop an analysis plan including the SDRC programs
SYSTAN and FATIGUE and include the possibility of

input data from tests and MODAL-PLUS.

Acquire or develop from test data, fatigue life curves

for materials in fatigue-sensitive areas of the structure.
Install and make the computer programs operational on
ABC equipment.

Demonstrate the applicability of the procedure by analysis
of the fatigue life of some of the most sensitive components
of the ATAV vehicle.

Document, report, and make recommendations for future
development of the procedure. Set up a "hot-line" inter-

face between ABC and SDRC for use of this procedure.
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4.5: Fatigue Life - enefit of Case-Hardening Torsion Bar Applications

Objective:

fatigue life.
material .

Approach:

Objective:

.
.
»
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and Yorsion Bar Cumulative Damage Analysis

4.5.1:

4.5 2:

4.5.3:

4.5.4:

To reduce the cost of torsion bars by more accurately defining
torsion bar loads and more accurately calculating torsion stresses and

More accurate calculations may lead to use of less expensive

List potential problems, design constraints, experi-
ence with alternative designs, loads, and test data
Prepare an analysis procedure plan including software
to be used, complexity of structural models, sources of
data, program output data and formats, failure criteria,
failure data to be used.

Implement plan on ABC equipment. Demonstrate accuracy
of procedure by application to an existing torsion bar
system from which test data has been taken. Demon-
strate utility by limited preliminary parametric studies
to identify useful redesign trends.

Document, report, and set up ABC/SDRC hot line for

future procedure troubleshooting.

4.6: Elastomer Fatigue Analysis

To develop structural analysis procedures for elastomeric components
used in ABC vehicles and specifically to develop critical with which to select
the most promising track-bushing designs for life cycle tests. The first

application goal is to increase the mean bushing life from 5,000 to 8,000 miles.

62




A AR

TP Y
“,‘l..,.l
»

ot

Approach:
4.6.1:

4.6.2:

4.6.3:

4.6.4:

Draw up an analysis plan which includes:

a. A review of the bushing functions
b. Loads on bushing
o Materials available and methods of obtaining

structural properties including relaxation
modulus, E (t,T,¢), dynamic modulus, cyclic

failure properties (compression and shear) and

others.
d. Analysis procedure, including computer codes
to be used.
e. Criteria to be reviewed as candidates for predicting

failure--for example, deviatoric strain energy, total
strain energy, etc.
f. Redesign possibilities.
Put selected computer codes on ABC equipment and make
them operational.
Collect necessary material properties data either by
testing at ABC, by subcontract to testing labs, or from
library sources.
Exercise analysis for current existing design including
stress/strain calculations for pre-load (bushing to track
shoe assembly) and operating loads. Attempt to obtain
correlation with real service life data. Attempt to explain
inverse correlation of the predicted life for some proposed
designs with service life tests. Hence, determine appli-

cability of procedure.
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4.6.5:

Document, report, and make recommendations for
further development of the procedure. Set up a hot
line interface between ABC and SDRC for this analysis

procedure.

4.7: Miscellaneous Items Tasks 4, 6, 8, 9, 12, 13, 14, 15, and 17. Table 1

Objectives:

To develop CAE procedures, select available software, and specify,

where necessary, software modifications to improve and accelerate struc-

tural design and analysis of the referenced components and environments.

Make these procedures operational on ABC equipment.

Approach:

4.7.1:

4.7.2:

4.7.3:

For each of the tasks SDRC engineers will spend a day

with the cognizant ABC engineers to identify the princi-

pal problems associated with each subject and the state-
of-the-art for design and analysis for each subject at ABC.
For each of the tasks SDRC will briefly review its appli-
cable SDRC tocls and experience.

Write a letter report to ABC recommending steps to be

taken to improve design and analysis procedures, including
acquisition of software and test equipment and procedures.

Cost, schedule, and level of ABC participation required

for each task will be included.
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Conclusion to Part |l

The process outlined in the hypothetical ATAV development program has been

used successfully in many products. The flowchart Overall Approach to Vehicle

Design has the same basic form used for automobiles, engines, turbine wheels, gun
breeches, mobile lighting systems, locomotives and so on. There are products where
there is no prototype such as the huge draglines used for strip mining. Each of those
machines is actually assembled on site over a one to two year period. Here the system
model is used to gain confidence that the product, when assembled, will perform.
There are many similar products, for example a ship, where there is no prototype.
The point made here is that the generalized model has been modified as appropriate
to address the characteristics and development process of the particular product.
There are many good examples of the use of CAE process. Some of the pro-

grams include:

Shipbuilding
. Finite Element Analysis Evaluation of an LNG Tanker Insulation
Structure
. Design Audit and Subsequent Modification of a Submarine Main

Propulsion Gear Set
° U.S. Navy Noise Reduction Programs to Minimize Vibration and

Associated Noise Transmission of Equipment Platforms

. Surface Ship Gear Train Analysis
° On Board Turbine Mounting System Testing Program
] Tugboat Driveline Damping to Remove Excessive Vibration
° Tank Slosh
65
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Military Vehicles

BODY

--------

Automotive

Hull, Turret Support and Track Design of an Amphibious Landing

Craft

M-1 Track Pad Evaluation

Redesign of a Mobile Crane for Nuclear Weapons Recovery
Hydrapneumatic Suspension for an Armored personnel carrier

FRAME, SUSPENSION ¢ TIRES

Low Mass Trailing Arm Rear Axle Design
Dynamic Spindle Tests

Cab Mount Design

Frame Joint Flexibility Studies

Low Mass Stamped Spindle Designs
Suspension Arm Designs

Rear Suspension Transmissibility Improvements
Engine Mount Test

Low Mass Control Arm Designs

Tire Uniformity Test Development
Energy-Absorbing Bumper Designs

Low Mass Wheel Designs

Low Mass Knuckle Designs

Disc Brake Caliper Designs

Tire Vehicle Interaction Design Studies
Durable MacPherson Strut Design

Low Mass Crash Designs

Axle Noise Reduction

Durable Unibody/Joint Designs

Low Mass DECKLID Design

Floor Pan Boom Noise Reduction

Low Mass Tailgate Design
Body~In-White Modal Analysis

Low Mass Door Design

Plastic Truck Cab Design

Low Mass Door Intrusion Beam Design
Body Suspension Ride Optimization
Windshield Wiper Noise Reduction

Low Mass Seat Design

Structure Acoustic Boom Noise Reduction
Low Mass Fuel Tank Design

Deck and Steering Column Vibration Reduction

-------




- Engine/Powertrain
Yy
{‘::j - ° Connecting Rod Bolting Improvement
by ° Low Mass Piston Design
i ° Block Noise Reduction
'S ° Piston Connecting Rod Interaction Design Studies |
¢ ° Crankshaft Flywheel Interaction Design Studies 1
3% ) Transmission Noise Reduction
(':',; : . Cylinder Head Durability Designs J
A ° Valve Cover Isolation Designs |
. Torque Converter Vibration Reduction 1
. ° Radiator Designs
" . Automatic Transmission Vibration Reduction
o ° Exhaust Manifold Design
L ° Low Mass Differential Torque Tube Designs
e Y . Sheet Metal Oil Pan Noise Reduction :
° Muffler Shell Noise Control ;
: ° Rotary Engine Durability Design ‘
2 ) Drivetrain Modal Anaysis f
": ° Low Mass Carrier and Differential Cross Brace Designs §
(o . Transmission Gear Noise Reduction i
v @ . Clutch Plate Vibration Reduction |
- . Clutch Spring Damper Assembly Analysis J
N ° Plastic Fan Blade Design “
z}‘« ° Drivetrain Clutch Effect on Ride |
N L Low Mass Transmission Extension Design 1
! ° Distributor Noise Reduction |
AR ° Exhaust Pipe Noise Reduction
e Aerospace
S
'_'.:-f ® Airframe Design and Analysis
:::‘_-' G Space Shuttle Launch
A . Space Shuttle Solid Rocket Motor Vibration
'.:.,3 ® Booster Separation Motor Cover Life
AW ] Pogo Studies: Main Propulsion Test Article
-:3 ) SSME Turbopump Vibration {
O ° Main Oxidizer Valve Failure
- 3 Orbiter Panel Life Studies
e ° Designing Robots for Space Applications
Ay ® Modal Testing to Confirm Calculated Tile/Structure Response
}.f ° Space Shuttle Crew Seat
N
f’ c Satellite Systems
. Pre-Qualification Troubleshooting of the Marecs Satellite
‘;j o Modal Survey of Meterological Satellite
o
_‘1 <

-




Transporter Design

° Mobile Command Control Communication System

NASTRAN Model Refinement Using Modal Test Data

Interior Noise Reduction of Aircraft

. Aircraft Fuselage Noise Transmission Studies
. Acoustic Structure Interaction Analysis

Impeller Design Stress Analysis

Design of a Mixer Nozzle

Computational Fluid Mechanics
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"
.
--fj These are all actual projects which used Computer-Aided Engineering
e
AL technologies. Some of the companies involved were:
)
NN - A. M. General
-y - ARCO Metals
" - Bombardier
: :(‘\ - Borg-Warner
- British Rail

o - Cadillac Gage
e - Caterpillar Tractor Co.
A S .
= - Cincinnati Gear
o - Cooper Energy Services

; w - Cummins Engine Company

- Dana Corporation

- Delaval

- Eaton Corporation

- Emerson

- Euclid

- Fiat - IVECO

- FMC

- Ford Motor Company
- Freightliner

- Fruehauf

- General Eiectric Company
- General Motors Corporation
- International Harvester
- J. 1. Case

- John Deere

- Kenworth

- Layland Vehicles

- Martin Marietta

- McDonnell - Douglas
- NASA

- Outboard Marine

- Peterbuilt

- Perkins Elmer

- Simmonds Precision
- Terex

- Toyo Kogyo Company
- Volkswagon

- Wabco

- Wayne Bus

- White/Volvo

- U.S. Army

- U. S. Navy

- U. S. Air Force

- Zollner
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::'j _’: From the above lists of programs and companies, one can see that existing
' tools are being applied, yet not widely enough. The widespread application of all
{-
s sub-sets of Computer-Aided technologies should be encouraged.
= TECHNOLOGY INSERTION
S ALTHOUGH THE MODEL OF THE DEVELOPMENT OF THE ATAV FOCUSED
¥
0N ON COMPUTER-AIDED-ENGINEERING (CAE) AND ITS BENEFITS THE MESSAGE
“ IS TO USE EACH SUB-SET OF COMPUTER-~-AIDED-TECHNOLOGIES SUCH AS CAD,
NC, ROBOTICS, PARTS SYSTEMS, ETC. EACH HAS ITS OWN EFFICIENCIES NOW
EXISTING THAT SHOULD BE FULLY EXPLOITED TO IMPROVE PRODUCTIVITY.
The second major issue developed in the next section is that when communi-
. cations between sub-sets are resolved, Computer-Aided Technologies as a whole will
S
:_‘-\‘_ provide benefits greater than the sum of their parts.
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.....

COMMUNICATIONS (OR INFORMATION FLOW BETWEEN MAJOR SUB-SYSTEMS
OF COMPUTER-AIDED TECHNOLOGIES) -

The Barriers for Information Flow ("Walls")

In his CAD/CAM Subcommitte report to MTAGC '82, Frederick Michael,
Director, Manufacturing Technology. U.S. Army DARCOM, had an example of
the state of CAD/CAM. He diagramed the "wall" between engineering and manu-
facturing referring to the traditional problem of a product being engineered,
drawings made and passed to manufacturing who then "re-engineer" it so that
it can be manufactured. This diagram then shows CAD and CAM separated by

that same wall and suggests that CAD/CAM be written CADCAM as the systems

CAD m CAM

should be together.

Engineering N Manufacturing

That traditional wall may still exist because of the older problems of poor or
non-existent communication between engineering and manufacturing but there

is an entire new problem that inhibits bringing the wall down today. That pro-
blem is the difficulty of the various sub-systems of computer-aided technologies
to "talk" to each other and move the critical engineering information and other
data between computer-aided technology sub-systems. The "wall" is no longer
"just" between CAD and CAM but between CAD, CAM, CAE, DNC, CNC, Robotics,

Specialized Routines, Bill of Materials, Lofting, Analysis, Layout, etc.
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The reason is simple to state: Each of these sub-systems was indepen-
dently developed for the greatest ease and convenience of its own set of users,
many without regard to that sub-system potential for interaction with other
systems. Each sub-system was developed to optimize its own task. Now it has
become apparent to most that an integrated system will yield much higher
productivity than the simple sum of the efficiencies of the sub-systems.

Achieving Significant Reduction in Manufacturing Line

Brief mention has been given in the ATAV example of reductions in

manufacturing time by designing in reliability /maintainability . Implicit here

also is the idea that manufacturing constraints are considered in the
engineering phase. But a major time savings is the elimination in each of the

sub-sets of Computer-Aided Technologies of re-creating the same data, such

as geometry, in each sub-set. That is why it is very important to break down
the "walls" to information flow. The work in an earlier sub-set can then be
leveraged by a later one in the process. There is also the advantage gained by
communication,of the elimination of re-work, by precluding errors made in the
repeated re-entry of data.

Getting the Computer-Aided Sub-Systems to Talk

There are many fine efforts and a wealth of good minds taking a number
of different approaches to the enhancement or establishment of communications
between computer-aided technology sub-sets. Some of these will be mentioned
shortly.

First, a comment is in order regarding the tremendous investment
made by thousands of companies in industry and efforts within DOD itself.
Each system, many proprietary and very marketable, has been developed

with major investments in dollars and manpower. There is quite logically
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a strong resistance to giving up these hard-won achievements. Integration

scenarios must keep this past investment in mind if they are to achieve

the end result, communication. [f past investment is ignored efforts at

integration will be rejected and fail. Having set the protection of investment
issue squarely before us, let us look at a typical way industries or govern-
ment first try to achieve integration. It is usually by trying to get each of the
sub-systems to talk to and from each other to pass critical information flows.

The result might look like this.
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CAE

CAM CAD

Production
Scheduling

Parts System

B.O. M.

Robotics

NC-CNC-DNC

The confusion is obvious. There are too many communication
paths developed much too quickly. A good systems person will tell you very

quickly the solution is to go through a data base. The problem then simplifies

like this.
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Production
Scheduling

A

Robotics

Okay, it's obvious that a single communication path into and out
of a data base storing relevant data or information will simplify the flow.
Why is there still a problem? Is it because one sub-system speaks "French",
another "German" and still another "English"? Initially, but only partially.
If all programs were written today in the same code, say, FORTRAN, communi-
cations might be a step or even several steps closer, but the information transfer

would still not exist.
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Complex Problem

. The answer to information transfer is complicated because each
sub-system is optimized toward a goal of making its own task highly efficient.
This is proper because the payback for its individual efficiency pays for
(funds ) the development effort to get the system in place. But, as the hard-
ware developed specific to the task, so the software developed to drive

those machines (computer) to its own purpose. We are then faced with sub-
systems using not only different languages, but also different computers,

formats (8, 16, 32 bytes words), protocols, geometric descriptions, etc.
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\ O hers are also making huge investments to optimize their own views
. of this world. And from this a point emerges:
] The appropriate framework for each companies computer- .
aided technology world is not identical. \
i
:T - The functions are similar, but not the same ) }
N - The composition of a specific sub-group such "\
:- as analysis, is similar, but application dependent
: - Each companies facilities for manufacturing and its
equipment are different '3
. - The end products are different
This leads us directly to the current ongoing work to give common links to
‘ very complex, different computer-aided technology worlds. )
::: Current Efforts
There are many groups of hard-working, smart people engaged in
-' various ways to project common linkages to breakdown the barriers to i
i communication of information. Here is a sample of some major efforts.
e  TheIGES Committee

The efforts of this committee to set for standards for the

. communication of geometry through files is well-known.
: ° ANSI Standard Y 14.26M. This effort is to standardize a
file input/output. It includes prior ANSI work and IGES || =

N (IGES plus Rational B-splines and Finite Element)

\

~ ] The NASA IPAD project. This effort is to define a standard

S .
~ economical data base structure for common input/output to

) the data base. Currently it exists only on CDC.

+
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Quality Control
Bill of Material

MASTER
PRODUCT
DATA
SCHEMA

CAD SYSTEMS

® Intergraph
® Applicon
® Computer Vision
® QOthers

Preliminary Design

Approximation of Boeing's Ideas
for a Communications System
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] The Air Force |-CAM Programs. These programs IISS,
IDSS, IIMS, and so on, include a general User Interface
Management System (UIMS}. This system is being developed

for multiple terminal capabilities and for multiple CPU capa-

bilities. It is a data base manager for engineering require- .
ments.
° The CAM-I effort to define a boundary file specification for

non-ambiguous consistent objects relating surfaces and curves. s
This again is a file communication effort for community solids
data.

. DMCS (Data Management and Control System) . This effort -~
by industry (GE and SDRC) is to write a global "traffic cop" system
to find, authorize release of, release, and re-enter data. It
is the electronic equivalent to the old document control system
and people. The system overlays the data base, understanding

- Organization (who authorizes, sees, changes,

or replaces data)

Y
- Project (What groups are authorized, need
what data)
_ Product (Identifies parts or sub-systems related )
to a product. Examples a valve part or an engine
requirement for manifolds, cleaners, etc.)
° The Boeing System described above -
] Various "Language" developments, such as ADA.
There are other fine efforts ongoing all trying to solve the information
flow problem. S
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The successful implementation of one of these efforts or others like them
is adequate to solve the problem. The implementation and coordination of all of
them is necessary to relieve our current situation and define the direction for
further investigation. Because the task is so large, it is important that we
provide the funds to accelerate current efforts and develop interfaces and
integration capabilities. If this is accomplished the payoff's will far exceed

that which is now planned.
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Configuration
Management and
Data Control

User User

User

Generic User Interface

User and Graphics Display Module

Figure 1
Integrated CAE/CAD/CAM/CIM System
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0 APPENDIX A

"—" - Potential Computer-Aided Design Reliability and
Maintainability Demonstration Initiated by the
Services During the Course of the Study




Computer-Aided Design Reliability and Maintability Demonstrations

Problem Statement

The opportunity exists today to significantly and dramatically improve the
capability to design for supportability. This opportunity exists now because of
the "explosive" emergence of CAD as the daily working procedure within the
American defense industry. One of the major reasons for this rapid growth is that
CAD greatly reduces the time and engineering man-hours required to produce a
new design, (Improvements of 4:1 are often reported)

The defense industry is a world leader in the area of computer aided design.
However the use of CAD to address R & MIS still in its infancy. While there are
isolated activities which are adapting R & M techniques to run off of CAD data bases,
they are primarily IR & D programs and not part of the engineering mainstream. As
a result few R & M techniques are readily accessible in CAD. In addition, some
interfaces among engineering disciplines (design, R § M, field engineering etc.)
have not been developed to effectively use CAD/CAM.

Technical Solution

Because of the large benefits which will accrue to DOD as a result of the wide-
spread use of CAD/CAM to address R § M considerations. It is important that DOD
work with industry to provide direction and support for this area. In achieving
this objective DOD should take a three -pronged approach of technology creation,
technology maturation, and te~hnology demonstration.

TECHNOLOGY CREATION. DOD and Industry should work together to develop
a comprehensive set of standard software modules which incorporate the best R ¢ M
techniques available for use in computer-aided-design. These modules should be
developed so that each can stand alone and be incorporated into an existing CAD
system by itself if needed or used as part of the larger R € M CAD package. This
R & M analysis package should be made available across the industry. This will
provide a Government/Industry standard which will insure a high level of R § M
which will be regularly achieved.

DOD should also continue its -upport of efforts to develop the interfaces among
the various CAD systems and the ditferent analysis disciplines. This includes the
Initial Graphics Exchange Specification {IGES) work of the National Bureau of Standards
and of the Air Force Wright Aeronautical Laboratory's Integrated Design Support System.

TECHNOLOGY MATURATION. If DOD and industry attempted to develop all new
R & M modules the cost would be probibitive. However, a number of analysis modules
exist which may be adapted to run in a interactive mode in the CAD environment.
These include, for example, software programs to do testability, optimal level of
repair, accessability or equipments, and MTBF estimations. The best in each area
should be identified and modified for use in CAD. By modifying proven softwar=
in large amounts, time, cost and risk will be avoided. Nevertheless, in those
R & M areas where no modules exist, DOD may reed to fund some development work.
As these R § M modules are modified or developed they should be made available for
use across the industry.

-------
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TECHNOLOGY DEMONSTRATION, DOD should fund two types of demon-
- strations. The first set of demonstrations will demonstrate the usefulness of auto-
mating the R & M analysis into CAD for use on major weapon systems. These
7~ demonstrations should have the following characteristics:

1. High visibility weapon system program
- 2. Currently in design
GRS 3. High potential payoff
'::-',»’. 4. Inexpensive
o 5. Short duration (quick output)
3'.3{.' 6. Wide application of the technology demonstrated
These demonstrations will give a good indication of the actual improvements
... that may be expected from the widespread use of CAD in R € M. Each of the Services
'xj;-.‘ have identified a number of candidate short-term demonstration projects. These
:-5:'_ projects are attached .
AN
N The second set of demonstrations will provide evidence of the usefuiness

of new R &€ M modules are developed. This should be done as part of the technology
.~ creation efforts.

A
A
<< Benefits
oS
N
- There wil be numerous benefits f orn a concentrated effort to bring R § M analysis
.« into CAD. They include: the demonstrated improvements in R & M on selected systems;
\j reduced engineering man-hours to achieve R & M goals; the ability to analyze many more
o) alternative configurations within a given time period; automation of the routine R ¢ M

8 analysis tasks; faster program turnaround time; the development of a single design
el database which will provide traceability from R & M characteristics back to the design
decisions which produced them (R & M configuration management) .

1

::;:: While these benefits will likely pay for the entire program in and of themselves,

2'.4-:; the most important benefits will occur when R ¢ M is fully entrenched in the CAD
¥ '-’:« process. Once the power to improve R &€ M is fully demonstrated and documented,
' '-}'_ other programs, and industry, itself would go on to expand the use the CAD to improve

) R & M in manyother areas. The end result would be weapons with truly outstanding

~n R & M characteristics.

':,:‘: Costs
gt —_—

-'{: A number of excellent short term demonstrations could be done for approximately

» 5-10 million dollars. They could be accomplished from 1-2 years following contract

A award. The maturation projects which would take existing R & M analysis software
"~ and adapt it for use in CAD would take 3-5 years and cost 20-30 million dollars. The
-jjf-j; creation projects will develop the sstem architecture, specify the necessary interfaces
.4 among engineering disciplines and will develop the required software modules to fill
'"'-:?, any holes in our R &€ M analysis package. The creation projects will take 3-5 years

“= and cost 30-60 million dollars.
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Implementation

As a result of the OSD-IDA R & M activity the three Services have initiated
a Tri-service CAD R ¢ M program. They have identified a number of candidate
projects suitable for short term CAD R &€ M demonstrations. Recognizing the critical
importance of Industry participation to the success of this effort, a Industry/Govern-
ment advisory panel is being set up. (The National Security Industrial Assocation
has agreed to help in identifying appropriate members) .

Contact

Mr. Alan Herner
AFHRL/LRA
Wright-Patterson AFB
513-255-3871
Autovon 785-3871
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o DEPARTMENT OF THE ARMY
- HEADQUARTERS US ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND
;h S001 EISENHOWER AVENUE. ALEXANORIA. VA. 22333
,,::.' ‘
- 21 July 1983
(:- SUBJECT: Candidate Demonstration Projects on CAD/CAM for the OSD
- R&M Study
:::j_' {
i:;' Commander
H:nf Air Force Systems Command
;.j Air Force Human Resources Laboratory/Mr. A. Herner
- Wright-Patterson Air Force Base, OH 45433
e
s
L}
~ 1. Enclosed are the following candidate demonstration projects:
-
A" -
s TECHNOLOGY CREATION
- e CAD Reliability Module ($15,000,000 to demonstrate; $200,900,000
- to fully implement)
B TECHNOLOGY MATURATION
e e CAD/CAM for Polymer Composite Reliability ($1,000,000)
v
:53 e CAD/CAM to Enhance VHSIC Reliability by Scanning Photoacoustic
e Microscopy ($750,000)
,,i ® CAM Weld Quality Monitor and Control System ($550,000)
NN
-\.::\.
NN TECHNOLOGY INSERTION
”
N
- e Microcomputer Reliability and Statistics Package ($100,000)
"
s,
) e Quality Measurement Plan ($93,000)
RS
;3: e Computer-Aided Stress Analysis for Engineering Changes in Kinetic
) Energy Tank Ammunition ($85,000)
‘x- 2. Please refer any questions to Mr. Harry L. Light, DRCOA-EQ, AV 284-8916.
o FOR THE COMMANDER:
‘l-\Q -
& mézﬁ%
= 1 Encl ARTHUR H. NORDSTROM,JR.
e as Chief, Engineering Division
el Product Assurance and Test Directorate
)
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1. PROJECT TITLE: CAD Reliability Module

2. PROJECT DESCRIPTION:

It is proposed to develop and implement a computer aided design (CAD) system
that will provide a global scenario to assure the consideration of reliability
as an on-going process in the design phase. The system will enable the design
engineer to utilize a menu driven, computer based, reliability centered design
program that will allow entry at the part, assembly or end item level. The
system will take the designer progressively through the program prompting him
to enter manufacturing, use, operating conditions and various other paramecers
during the process. Once the design is completed the module will be capable
of simulating certain operational tests; predicting occurence and cause of
failure. The CAD system will be developed to use standard language and Initial
Graphics Exchange Specification (IGES).

3. PROJECT PHASES:

Phase I, Project Definition: Identify those elements that influence reliability,
Cost - $5 million.

Phase 1I, Define details for shell structure developed in Phase 1. Develop
system that can be broken down into building blocks. Develop building blocks.
Develop simulation capability - Cost $10 million.

Phase III, Implement the system at DARCOM design locations and selected Army
contractors as an on-line, interactive system - Cost $200 million.
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CAD/CAM for Polymer Composite Reliability

CAD/CAM models have recently been developed (D. H. Kaelble, Rockwell Science
Center) under Army Research Office sponsorship which address the reliability of
polymer composites in response to service use temperatures, conditions of stress
and strain, and effects of time and environmental exposure upon composite
stiffness, strength and fracture toughness. These predictive CAD/CAM models for
polymer composites correlate structural performance, reliability and durability
with three generic classes and sizes of internal defects, (see Table below) which
are based on the chemistry of raw starting materials, defects introduced during
manufacture of composite structures, and the interaction of these two classes of
intrinsic defects with environmental and mechanical stresses to produce a third
class of defects of macroscopic dimension (interconnected microcracks and
macroscopic crack growth).

GENERIC TYPES OF DEFECTS AFFECTING POLYMER COMPOSITE RELIABILITY

Defect Dimension Properties Affected
1) Chemical structure 1-100A Critical design
(atomic, molecular) properties - glass

transition Tg,
meisture absorption,
dimensional changes

2) Manufacturing-induced >10uM Strength, creep,

(inclusions, voids, debonds) interfacial
properties

3) Latent defects arising macroscopic Fatigue, fracture

during service (origin from toughness, dynamic

defect types 1 and 2) properties

The recognition of intrinsic structural defects, the effects of subjecting them to
service life conditions, and their contributions to polymer composite reliability
represents an important extension in the analytical modelling and reliability for
structural polymers, adhesively bonded metals and high strength fiber reinforced
composites, and should provide strong criteria for chemical and manufacturing
optimization of polymer composite reliability.

The proposed program is to further develop these initial CAD/CAM models for
polymer composite reliability by an interactive experimental and advanced
modelling effort aimed at verifying the model and markedly improving the
reliability and maintainability of polymer composites for military applications.

Proposed Level of Effort $250 K / year for 4 years
Total $500 K
$1000 K
A-8




CAD/CAM to Enhance VHSI( Reliability by Scanning Photoacoustic Microscopy

Scanning photoacoustic microscopy (SPAM) is a new nondestructive evaluation
technique developed by Wayne State University under Army Research Office
sponsorship which is proving more useful than x-rays, dyes, and ultrasound
in finding surface and near-surface microscopic flaws in metals, ceramics,
and other solid materials. [t is based on utilizing a pulsed light source
(laser, electron beam, or other) to generate thermal waves that probe the
surface and near-surface regions, are interrupted by flaws which cause
reflections to the surface where an acoustic signal is detected and analyzed
by computer which generates a visual image of the defect. Laser light
source studies have demonstrated resolutions of flaws in ceramics and
integrated circuits of the order of 6uM; latest developments indicate that
an electron beam light source can be utilized to reduce the beam spot size
in order to resolve submicron-size flaws. Thus, submicron dimension
devices, their interconnects and metallized layers may be inspected during
manufacture or in service to improve the reliability of new VHSIC concepts.

The proposed effort is to develop CAD/CAM models for automated inspection of
VHSIC circuits utilizing scanning photoacoustic microscopy to resolve
performance limiting defects down to the submicron scale.

Proposed Level of Effort $250 K / year for 3 years
Total $750 K
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1. PROJECT TITLE: CAM Weld Quality Monitor and Control System

2. COST: FY84 285K, FY85 265K

During the welding process, changes in parameters, consumables, and the

weld arc atmosphere can occur without the operator's knowledge. These

changes may result in thermal damage to the base materials and defects (e.g.,
hydrogen induced cracking, porosity, embrittlement, lack of fusion and penetra-
tion) which seriously reduce the strength and service life of the welded joint.
The cost of locating and repairing these defects constitutes a significant
portion (25 to 40 percent) of the total weld fabrication cost. Prior

attempts have been made to develop techniques to quantitatively measure
welding comditions. These methods, however, often require direct sensor to
workpiece contact and are not considered suitable for production environments
because of sensor temperature limitations, joint geometry limitations, and

time lags which reduce the validity of the information obtained. What is
needed is an automated non-contact weld quality monitor system capable of the
adaptive or in-process control of welding conditions in real time.

The technology gained from this project is applicable to any automated welding,
cladding, surface alloying and high energy beam heat treating application

specific to the manufacture of DoD materiel. Examples would include: 1) joining
high hardenability armor plate which is inherently susceptible to hydrogen induced
cracking, 2) joining reactive metals such as titanium which are susceptible to
embrittlement by interstitial contaminants, 3) laser heat treating gears and
bearing surfaces, and 4) dissimilar metal joining and cladding operations such

as the bonding of copper rotating bands to artillery munitions.

Implementation of the WQM in the computer-aided manufacture of DoD materiel will
result in improved weldment quality and productivity through greatly reduced

or eliminated inspection and repair costs, reduced personnel factors, improved
cycle times and more efficient utilization of equipment. The savings to invest-
ment ratio for a single rotating bend application is expected to exceed 8.3.

POINTS OF CONTACT: AMMRC, William S. Ricci, (617) 923-5234, CERL, Frank Kearney,

(217) 352-6511.




o o i s T s Bk B e hos < e Syt AR LIRSS AR DRSO RSS 6 LA .. R
] TR oM R

{.

.
o'alm

B e R R e e

MICRO-COMPUTER FELIMBILITY AND STATISTICS PACK/GE

The use of localized small scale main frame ccmputers (i.e., mini-computers and micro-
computers) is becoming more and mcre cormon place és errphasis is placed on workplace

automaticn and local analysis arnd control furctions. These computers are characterized
by flexitle programming capabilities, color graphics, and versatile kardcopy utilities.

They are ideally suited for the implerentation of compuer-aided design and manufacturing.

khile extensive software exists for such functicns as word processing and financial analysic

no acceptable package exisis for reliability and statistically oricnted functions. This
effort proposes to develcp 2 standardized softuare package to utilize the full capabilities
of micro-ccmputers for reliability aralysis. Included would be routines for graphical

data anaiycis, design &nd aralysis of experiuents, RAM (reliability/avaitability/maintain-
ability) calculaticns, and the asscciated c<tztistical and graphics subroutines. These

programs would all te written in ANSI BASIC.

The result of this effort will be the above ~enticned software package and appropriate

docurentation.

This project will be fully effected through a 1 man year effort ($100K)

EDWARD LONIEWSKI
x3008

A-11
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QMP (QUALITY MEASUREMENT PLAN)

‘-

1
-
Y

QMP is a new method of reporting and analyzing quality assurance audit results for

PLOL I

“. “

Bell System management. The enalysis features an empirical Bayesian development

LA AN

whereby past performance provides the backdrop for our current quality estimates. The

-

modern control chart reporting foimat features Box-khisker plots that depict percentiles
of the estimated current guality. The location surmary format presents the current
qualities across many products and as such evecluates the performance of an cntire
manufacturing facility. This capability for a timely response to auality ceterioration
within a facility would zubstantially reduce fizlced defective‘materie1.

Cur proposad REL/CAD/CAM effort is to:

1. Cevelop a predictive capability for the G F/CEF* model *o armament cystems,
based cn the ¥alman Filter zpproach and eveéluate the proposed CNP/iASP*> alternative to
MIL-STD-105D.

2. Perform a cace stucdy cn cne of our major suppliers.

The results of this effort will be:
1. A technical report summarizing the methodclogical research performec.
2. Preliminary develcpment of computer software to support implementaticn of

QMP techniques.

Required funding for FY84 -3$93K including 1 man year of effert, including travel.

The development of a compiete software package will require the continuation of the
project thru FY85 with additional funding.
*Quality Measurement Plan/Quality Evaluation Plan

**Quality Measurement Plan/Acceptance Sampling Procedure
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Computor Aided Stress “nalysis Vor Ing.oneeving Charges in Uinevic Unershy Tenl crmnnition

A state of the art approach with industry availabie CANJCAM coftuare is the onl .
comprercinsive vehicls for detorining the stresses ot gun Yaunch of kinuiic anercy
rounds with cere-butirass thread type goomctry.  Curvont etfort approachis the

probleiit in a piccawize wnd incomplete mannar, to the nealect of consicderinn ira
corrlecity en ron-ideal mating curfaces of the buitress shreads. Achesl rcguciinn
with telerances, and pussible proposed ~nainaecing changes d2part from idezl <ractanle
geumetry, and the erfect on round int-qgrity is partially lett to an cnginzeripn
ectimata. It is pircpesed to o the MBZ3 Wiretic 2rerqgy round property to detseminn
Taunch stresses with (o cottcra ond do this for rapid angincering ans. . 2.

from evpericonce it is exovected that an excess of 19,000 finite elemor iz ic nwged

1o g3tenlish georetry, with elzwent type cnosan judicicusly by consuitants. Several
similar geometries will consider realistic variations in manufacturing, ainnrs witn
scne judicious actual desicn changes to cee the trend of the stressas. Eativats
for the 1333 is $35,0CC. A tave is vencrateud vith the geometries for later 74
ccnsidaeration., Purpace is to cenerate gSreater celiapility in strose patterns caiulatind,
Thiz stress eventualiy hecumes tasic input to freocture mechanics and cragy tize
determinition,

A-13
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\ﬁﬁ. COMPUTERIZED SYSTENMS ARALYSIS TECHNIQUES FCP APPLICATION TO PROVE-CUT OF PRM FACILITIES
; During the last five years there kas teen significant progress in development of
\é\: procedures for conducting the systems analysic of preduction facilities. The objective
3N
}-t. of these analyses is tc measure the producticn capability cf the facilities tased on
g.\n i
“'_ equipment level FAMand production data gathired during the formal facility prove-out
,;{ phase. Mathematical models, statistical techkniques and computer programs have tcen

i:; developed t0 cize and predict performance of production lines, to plan demonstraticn
j; tests, and to analyze the demonstration test data.
o The purpose of this project will be the refirement and 1ntcrfac1ng of the existing

A
'}ff methodolcay intc a single integrated prove-cut system analysis package. This will reaquire
'\:\v'

- modificetion of the existing softwere and the creparation of interactive executive
~xT-
A software. In addition, a handbook/user's mz-al will be prepared for the overall
??;f auvterataed procedure. Implementation of the -esults of this prcject will enable con-
.\:': k)
WS sistent, accurate and timely conduct of the vstems cralyses needed %6 measura preduction
) capabilities of facilities required for mobi jzaticn.

-i;{ This effort will recuire one-man year of effc-t and travel at $95K.

‘Fj The results of the project will be a complete system analysis software packace

;, including a handbook/user manual
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AREA: COMPUTER AIDED TECHNIQUES FOR CONSOL.TDATING AND TAILORING LIFE CYCLE
SUPPORT KLEMENTS

CONTRACTOR: NAVAL OCEAN SYSTEMS CENTER, SAN DIEGO, CA
NAVAL SEA SYSTEMS COMMAND, PMS 406

PROGRAM: GENERIC COMPUTER AIDED LIFE CYCLE SUPPORT SYSTEM

R&M TO BE DEMONSTRATED: COMPUTER AIDED TAILORING OF KEY LIFE SUPPORT ELRMENTS
TN THE ADVANCED LIGHTWELGHT TORPEDO

COST: $.75M
SCHEDULE: 12 MONTHS

TMPLEMENT COMPUTER AIDED LIFE CYCLE SUPPORT WITHIN
THE ADVANCED LIGHTWEIGHT TORPEDO PROGRAM

PRORI.EM STATEMENT: No single system currently exists which will allow the
integrated analyses of all elements which impact on system operational
suitability as defined in Department of Defense (DOD) Directive S000.1. DOD
contractors and government agencies have specialized software which allow
separate analyses of certain unique elements, such as configuration management
and provisioning, of operational suitability. Many times this software has
been tailored to meet system-specific requirements and thus cannot be employed
across a full cange of systems Lypes. Because of Lhe interrelationships among
the elements of operational suitability, there is significant redundancy and
waste in conducting separate analyses. Further, the answers lack consistency
because these fragmented analyses too often employ different input data. The
end result is a distorted picture of the secrvice's capability tou support rhe
emerging system. State-of-the-art software, hardware and analytical technigqu.s
will support the development of an Integrated Operational Suitability System
(I0SS). The payoff is significant. Benefits, such as reductions in life cycle
cost, improved system availabilities and decreased acquisition costs are all
vossiblo,

PROPOSED_SOLUTION: It is proposed that the IOSS be developed in phases and by
employing a current acquisition, the Advanced Lightweight Torpedo (ALWT) as
both a testbed and model. The Trident Integrated Data System (TIDS) is
proposed as the IOSS core. TIDS, as it currently exists, is adaptable to any
product manufactured by a typical DOD contractor utilizing MILSPEC fabrication
procedures and test documentation. Further, the system has 1 wide range of
capabilities. For example, TIDS provides for the timely and systematic
acquisition of data relative to performance and test, manufacturing and
quality, problems and failures and equipment location and status. Thus, TIDS
can be utilized in configuration management, performance evaluation, resource
mangement, failure reporting, test equipment support and software engineering,
etc.

Phase I: Phase I will consist of enhancing the basic TIDS with selected
new capabilities and testing the prototype I0SS on the ALWT acquisition.
Phase T will begin by employing the ALWT acquisition as a model to
determine what data requirements are necessary to define selected elements
of operational suitability. The elements selected will be those contained

A-15
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in the NUSC Lntegrated Logistics Support Analysis (NILSA) program and the
Timely Spares Provisioning (TSP) program. As both of these programs are
of imminent application to the ALWT acquisition, I0SS development will
inmediately benefit from real world expericnce. T1DS® capabitilties will he
compared to NILSA and TSP capabilities. Deficiences in TIDS will be ‘
documented and functional specifications for software to correct the i
deficiencies developed. BRased on these functional specifications, TIDS ‘
will be up graded to form the prototype IOSS. The prototype TOSS, made up
of TTNDS, NTLSA and TSP integrated into a single system, will then be tested
on Lhe ALWT acquisition. The test results will be evaluated and any
refinements necessary identified and made the prototype I0SS. e

Phase TI: At a significantly reduced cost, due to the core system being
integrated and generic, Phase Il will consist of expansion of the
prototype I0SS capabilities. A more accurate definition of Phase TI will
be made at the completion of Phase T. Tn general, the ¢ !°
would secm appropriate;

"R ° v

Establish IOSS at NOSC in support of ALWT as NOSC standard system.

Proivde final implementation, application and operational documents.
Provide tailoring procedures for other programs and systems. 3
Incorporate such features and elements as may be considered

appropriate based on operational exerpience gained in Phase I to
broaden utilization of TOSS within the Department of the Navy.

TIME TABLE: The following time table is considered realistic. ,*

Operational System On-line (not to exceed)
NILSA for Navy and ALWT Prime contractor 2 Months

TiDS for Navy and ALWT Prime contractor 4 Months
(Tncluding initial IOSS modifications)

ISP TBD
TOTAL TIME for PHASE I 12 Months

CONTACT: ALRERT S. KNIGHT R |
Logistician (ALWT)
NOSC Code 9303
AV 933-7803
Com (619)225-7803

MELVIN E. NUNN
Computer Aided Engineer
Program Office

NOSC Code 9303

AV 933-6750

Com (619)225-6750
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INDUSTRY DEMONSTRATIONS OF RELTABILITY AND
MAINTAINABILITY IN COMPUTER AIDED DESIGN

Problem Statement

Reliability, maintainaebility and logistics (RM&L) are significant factors in
the combat support of Department of Defense (L. J' weapon systems. Because of
these factors, the defense industry designs new weapons and equipments in
accordance with the appropriate military standacrds, specifications, etc. Most
often, the function of ensuring that RM&L standards are bheing met is placed in
the hands of technical personnel outside the mainstream of the engineering decign
process. In this environment, with respect to supportability, the engineering
process becomes iterative. A specific design is produced by the design engineer,
reviewed by the maintenance engineer, and then redesigned by the design engineer.
This is a costly process for the company, and often results in systems which are
difficult to maintain.

The opportunity exists today to significantly, and dramatically, improve the
capsbility to design for supportability. This opportunity exists now because of
the convergence of three historical trends. The first trend is the steadily
increasing demand of the Department of Defense to improve the reliability,
maintainability of systems while reducing manpower and costs. The Carlucci
Tnitiatives and the Department of Defense Directive 5000.39 are recent examples
of this growing interest.

The second trend is the accumulating evidence which indicates that Reliability
maintainability and logistics support characteristics can be designed into a
system beginning with early conceptual studies. This research indicates, also,
that one of the best ways to improve design for support is to put the reliability
maintainability and logistics data and factors directly into the daily working
procedures used by the design engineering personnel.

The third trend is the "explosive" emergence of computer aided design (CAD) as
the daily working procedure within American industry for design of products. One
of the main reasons for this rapid growth is that CAD greatly reduces the time and
engineering labor hours required to produce a new design. The opportunity exists
to link these three trends and to develop the technical capability to put R&M
factors and data directly into the CAD process being used by the defense industry.
This technical capability does not exist today except in limited scope in
isolated cases. The current status of design for support is primarily that of
analyses being done "off-line™ from the main performance engineering design
activities, and often being performed "after the fact” with regard to major
design decisions. The development of the technical capability to put R&M factors
directly into the main CAD process can change this picture. Design for
gsupportability can become an "on-line,” "during the fact" design activity.

As stated previously, many DOD contractors have major CAD facilities. They
use these facilities to rapidly create engineering drawings and to do many
performance related analyses. While there exist a number of isnlated activities
(chiefly IR&D) looking at R&M in CAD, it is not yet widespread across industry.
This is due to three reasons.
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Doing R&M in CAD is a relatively new activitiy for most firms.

There are few R&M analysis techniques which are readily accessible in CAD.
Some interfaces between engineering disciplines (Design, R&M, Field
engineering) have not yet been developed so as to effectively use CAD/CAM.

w N -

Technical Solution

In order to overcome these problems DOD should push to accomplish the
following:

1. Demonstrate the feasibility and usefulness of putting R&M into CAD
(short term).

2. Develop a comprehensive set of R&M analysis packages for use in CAD
(long term).

3. Support the development of automated interfaces among all engineering
disciplines (long term).

In the near term the most important thing DOD can do to foster widespread use
of CAD to address R&M considerations is to find a series of CAD demonstrations.
Each of these demonstrations should have the following characteristics:

. High visibility hardware program.

. Currently in design.

. High potential payoff.

. Inexpensive.

Short durationm (quick output).

. Wide application of technology demonstrated.

[« V.- VS I S

The Air Force Human Resources Labnratory has conducted an industry survey to
identify candidate programs which wouid meet the above criteria. While the
survey was by no means exhaustive, it did provide several excellent examples of
what can be done in this area.

A number of major aerospace firms were contacted and nine potential
demonstrations identified. FRach of these programs were $2 million or ‘ess and
ran from 1-2 years in length. They fell evenly into four categories: 1)
Testability, 2) 3D analysis of structure, 3) Thermal stress, and 4) Avionics
reliability Logistic Support Analysis Methods. These nine examples are described
in the attacment to this report. We recommend that one or more demonstrations
from ach category be performed.

If parallel with the demonstrations but with a longer time horizon (4-5 years)
DOD should begin to identify what RAM analysis packeges need to be adapted/
developed for use in CAD. The goal should be to adapt the most successful
techniques across industry.

Lastly, DOD should, as a long term goal, work to make sure that the various
CAD/CAM systems all talk to one amother. This can be best done by providing
funding and direction to develop standard interfaces among the various systems.

A-18
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< Benefits

o

AR The benefits of a series of demonstrations will be several:

F! 1. It will reduce R&M engineering manhours on the selected systems by as

o much as 50%.

\::

AL 2. It will improve mission reliability of selected systems by as much as 10%.
NSRS However, while these benefits would likely pay for the entire program in

and of themselves, the most important benefits will occur when R&M is

fully enteraclual in the CAD process. Once the power of CAD to improve
R&M is clearly demonstrated, other programs and industry itself would go
. on to expand the use of CAD to improve R&M in many other areas. The end

- result would be weapons with truly outstanding R&M characteristics.
- Costs
2N A number of excellent demonstratic:s could be done for approximately 5-8
{: million dollars. They could all be ac. mplished from 1-2 years following
L contract award.
DN
Implementation:
“~ .
. It is recommended that the Air For' > Human Resources Laboratory be tasked with
o conducting these demonstrations and wi: ' spear heading the R&M analysis in CAD
?} standardization effort. They have don: much work to inject R&M factor into CAD
N and have currently planned a Research .:d Development program similar to the one
outlined here. It is suggested that a :umber of competitive awards be made to do
e the demonstrations so that the best inaustry inputs can be assured. Finally it
e is recommended that normal Air Force me hanisms be used to fund and manage the
. demonstrations. With regard to the deveiopment of interfaces among different CAD
By systems, it is recommended that AFWAL's Integrated Design Support System be also
.. funded.
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EXAMPLE PROJECTS

AREAS:
Testability
3-D Analysis of Structure
Thermal Stress Analysis
Logistics Support Analysis Methods
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AREA: Testability

CONTRACTOR: Honeywell

PROGRAM: VHSIC

R&M TO BE DEMONSTRATED: Design For Testability
COST: $1M

SCHEDULE: 16 Months

VHSIC DESIGN AUTOMATION FOR FIELD MAINTAINABILITY AND RELIABILITY
I. INTRODUCTION

Improving reliability and maintainability of tactical Air Force avionics systems
is becoming more important. 1Integration and application of VHSIC technology to
Avionics systems and subsystems requires parallel development of new approaches
to logistic support to ensure that future field maintenance needs are well
planned and in place when needed. The goal is high availability of the weapbdn
system in order to maximize force readiness.

As an Air Force VHSIC contractor, Honeywell is keenly aware of both the
challenges and payoffs VHSIC will bring to the field maintainability and
reliability areas. Honeywell is demonstrating its VHSIC technology with a chip
not intended for automatic targeting from (EQ) sensors. This Electro-Optical
Signal Processor Brassboard (EOSP), will be demonstrated in December 1984.
Honeywell has a comprehensive approach to chip level production and on-line fault
isolation, and self-healing capabilities built into the Honeywell chips can be
used to increase the system-level MTBF by as much as 300 percent.

The impact of these VHSIC capabilities on field maintenance and system reliability
concepts needs to be addressed in a comprehensive program. The proposed program
has two thrusts:

1. A critical technology demonstration which extends the chip-level testability
and fault tolerance features and the associated Design Automation (DA) tools
in the Honeywell brassboard to simplify system-level field maintainability
and reliability functions. The demonstration can take place at the
conclusion of the VHSIC program in December 1984.

2. A study of the critical logistics functions (including testability,
reliability, maintainability, documentation, and human resources) to develop
a methodology for the optimal allocation of these resources to maximize
overall system-level field maintenance effectiveness. This methodology will
serve as a baseline for specifying a new set of design automation tools for
maintainability and reliability engineering (M&RE).

We believe that the two-fold approach of demonstrating the critical VHSIC design
automation technology to validate the field maintenance methodology will result
in the highest payoff program. This program will serve to bring M&RE into the
mainstream of VHSIC by bringing the considerable resources of VHSIC to bear on
field maintenance, which is one of the strongest life-cycle cost drivers in
avionics today.

(Insert Figure 1).
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II. VHSIC DA TOOLS FOR TESTABILITY AND FAULT-TOLERANCE

As part of Honeywell's current VHSIC Phase I contract with AFWAL, we are develop-
ing a VHSIC chip set and brassboard demonstrator for electro-optic signal process-
ing (EOSP). Our chip set, comprised of three types, involves complexities in
excess of 15,000 gates. Each chip type incorporates a section of logic which is
dedicated to self-test and external testability, as well as special-purpose inter-
connection paths to provide a level of fault-tolerance for single chip failures.
The core of our self-test and external test approach involves the concept of
serial shift paths. 1In this approach, all blocks of combinational, asynchronous
logic are provided with serial/parallel registers at the inputs and outputs. All
of these registers are then serially connected into test loops, and all loops are
then multiplexed into a single self-test interface logic block. 1In this way, we
provide for thorough testabilitiy of the internal logic in each of our VHSIC chip
types. This method allows for fault detection and isolation directly to the chip
level by either the on-chip test analyzer, or by an external test system.

This approach does not address are the issues of input/output and functional
testing at the pin level. Nor does it allow for board level and subsystem-level
fault notification during self-test due to the lack of an executive controller in
our current brassboard. Demonstrating “hese hardware and software enhancements
to our existing brassboard design and ‘ts associated test/development hardware/
software form the basis for our proposed demonstration.

Design-For-Test Demonstration

To demonstrate our design-for-test methodology, we propose to augment our existing
EOSP brassboard subsystem with additioral hardware for circuit card fault
detection/isolation/notification, and additional serial shift paths for test at
the subsystem/sensor 1/Q level. These .ardware enhancements will be supported by
additional microcode and FORTRAN code i: our development system to effectively
demonstrate:

- self-test performance.

- card and chip level fault detection, isolation, notification, and
simulation.

- subsystem testability.

- analytical measurement/tradeoff of test performance versus test resource
allocation (i.e., microcode memory and execution speed).

Benefits Derived From the Demonstration

Honeywell's design-for-test methodology allows the system designer to create a
hierarchical test environment both within a processor subsystems and external to
it. This hierarchy can extend to the system-level in aircraft such as the F-16
(or swept wing).

We propose to use the information gained from our demonstration of design-for-test
in combination with Air Force systems which use VHSIC technology. A likely
candidate for this model would be the VHSIC implementation of the Imaging Sensor
Autoprocessor (VISA) subsystem currently under simulation and development by
Honeywell. The VISA processor is suitable for integration with high performance
aircraft like the F-16, and will rely heavily on VHSIC technology. The develop-
ment of an analytical test model for this system would allow optimal design of the
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IV STATEMENT OF WORK

-
AN Task 1 - Study of the Impact of VHSIC on M&RE 1
-\ <

. A systematic study which relates the built-in testability and fault tolerance at

N the VHSIC chip level with maintenance and reliabiity concepts in tri-service

-ﬁﬁ systems and other logistics elements (including CAE fc= documentation and human

-iz resources). This task will identify the critical technology demonstration needs

S to validate the overall VHSIC maintainanility and reliability methodology to be {
A developed in the next task.

- Task 2 - Methodology for VHSIC Resourc- Allocation for Field Maintenance

'\,‘

P . . .

:h A comprehensive strategy will be devel: ned to model the cost/benefit of each of

the VHSIC resources (testability, faul* tolerance, computational power) to define
o a logistic support analysis methodology to allocate these resource for the
optimum configuration of the field mai--.enance concepts. This methodology will

"~ be validated by applying it to selecte:. “ri-service systems which are candidates
N for the Honeywell VHSIC chips.
-
;é Task 3 - Critical Technology Demonstra:-on ‘
"
- This task extends the Honeywell ROSP Br:ssboard test software and hardware and
. the system-level test DA software to t:.- chip-level testability and fault
:: tolerance features into LRU, subsystem .nd system-level field maintenance
,Nx concepts. The results will be a demon: ration of the simplification of field
:ﬁ maintenance steps and automatic test ec.ipment by demonstrating system-level )
2 self-test and fault isolation.
- Task 4 - Specify DA Tools for VHSIC M&R:
,:j' The validated methodology of Tasks 2 anc 3 will form the basis for requirements
‘:a: specification of design automation tool: which will be needed to implement the
L methodology for VHSIC design for M&RE. The DA tools may include expert
1 (knowledge-based) systems which cast the design methodology into production roles.
f V. SCHEDULE AND COST ESTIMATES
3 e
> The schedule of the 16 month program is shown in Figure 3. It culminates in a
‘* critical technology demonstration at the end of 1984 (coincident with the VHSIC
" brassboard demonstration). (Insert Figure 3).
52 Table 1 gives a breakdown of the man hour estimates for the four major tasks
N proposed. The precise effort required will depend on the specific scope of the
-ft critical technology demonstration. For budgetary purposes, a rough order of
'i: magnitude estimate of this scope is $1M. (Insert Table 1).
-
= ‘
=
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AREA: Testability

CONTRACTOR: Genecal Dynamics/Fort Worth
PROGRAM: F-16 Stores Management System
R&M TO BE DEMONSTRATED: Diagnostic Design
COST: $2M

SCHEDULE: 24 Months

.

PROPOSED PROJECT FOR INCORPORATING RELIABILITY, MAINTAINABILITY,
AND SUPPORTABILITY (RM&S) FACTORS INTO COMPUTER AIDED DESIGN (CAD)

LA PR

-~

B
Objective: Redesign of the F-16 Stores Management System (SMS) Remote Interface
Unit (RIU) Utilizing CAD with Automated Testability Analysis

o Some of the major technical and support problems we are trying to resolve
are as follows:

~
e
g
N
I
\

1. CAD equipment will allow the hardware/software designer to vastly
improve the speed and accuracy of his design. If RM&S features and
requirements are not convenient for the designer, they will probably
not get designed-in during initial design.

2. If the design engineer requires RM&S inputs such as design trade offs
during initial design formulation, manual inputs will slow the process
and could negate some of the gains made by design automation.

3. There is a need to accomplish real-time testability analysis so that
the test engineer and the avionics equipment engineer communicate
early during the design phase rather than as an after-thought several
years later during ATE interface design.

4, There is a need for an interactive diagnostics system such as
LASAR which will provide real-time testability analysis rather
than as an after-thought several months after design is complete.

S. Increased system complexity and interface between other systems tend
to complicate design and decrease design visibility. Design
automation is required to provide systems which are supportable (i.e.,
tech data, training, SE, etc.) when the hardware reaches the field.

0 Some of the benefits of providing RM&S design features in CAD equipment
are as follows:

1. RM&S requirements, lessons learned and system diagnostics can be
greatly enhanced during initial design.

2. Hardware and software design and development, and their required
tech data and support equipment, for a simple avionics systems are
multi-

million dollar projects. 1ITAs for complex module boards can be as
high as $1M. Appreciable savings in design phase due to decreased
designer and test technician workload plus decreased delays and
increased testability accuracy can be a large cost avoidance and
development program enhancement.
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Real-time testability analysis such as an online LASAR capability will

tend to improve testability and increase interaction between the avio-

nics design engineer, the system test engineer, the support require-

ments engineer and the support equipment design engineer. Considerable 4
engineering manhour saving and increased accuracy can be realized by

designing from a common, automated, interactive data base.

Increased design accuracy and providing RM&S features in initial design
tends to minimize costly design changes in the field as well as improve
the support posture of the system in the field. .y

Real-time testability analysis should decrease development time of
support systems and should minimize the possibility of unsupportable
systems in the field due to lack of training and SE.

D Tasks ' oy

One of the major tasks in this project is to develop the hardware/
software interfaces (design data base) between the CAD equipment and
the testability analysis such as the LASAR. GD/FW has extensive back-
ground and experience in utilization of LASAR testability models.
GD/FW depot test design engineers are constantly striving to shorten

analysis time and improve LASAR usefulness. GD/FW has negotiated with 3

Ogden depot to acquire a LASAR 6 system which will be hosted on a VAX

system. This LASAR system is the Air Force's newest equipment and

appears to have the capability to readily adapt to a CAD environment.

It is anticipated that these equipments will be available by the time

we are ready to design the interface. (Insert Figures 1 & 2). 3
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RM&S - CAD Concept

The goal of the RM&S - CAD Concept is to integrate the avionics hardware, test
equipment and RM&S design efforts using a CAD work station, large scale computer
hardware/software network system. The network system is comprised of three types
of computer-aided design engineering work stations that communicate with a common
design database. The database itself will reside in a large scale computer system
to which a CAD work station can become a "smart" terminal for purposes of reading
and/or updating in a timesharing environment. While in the "smart' terminal
posture, the CAD work station will have the capability to use the software which
resides in the large scale computer system or it can operate in a stand-alone
posture using its own software. The LASAR testability computer mcdel is a complex
computer program that will reside in the large scale computer system but will have
an interactive interface wth the test equipment CAD work station. This interface
will allow the test equipment design engineer to initiate and control execution of
the program as his tasks dictate.

The avionics and test equipment CAD work stations will contain the necessary
software to allow the designer to produce hardware designs while the system is in
the stand-alone posture. These stations will contain some testability software.
RM&S analysis software will be used by these CAD work stations to aid the engineer
in making the avionics and test equipment design. Periodically during the design
process the avionics hardware design engineer will release a preliminary design
to the design database. This design can then become available (1) to the RM&S
engineer for more rigorous RM&S analysis, (2) to the test engineer for rigorous
testability analysis using LSAR, and (3) for use in test equipment design. Change
suggestions as a result of RM&S analysis and testability analysis will be fed back
to the designer via the design database. The RM&S CAD work station will also be
used to maintain (update) the RM&S factors contained in the design database.

The following are major milestones for concept implementation:

Design and development of the RM&S - CAD work station analysis system
(several electronic hardware CAD work station analysis systems are available
commercially).

Design and development of design database.

Design and development of the interface (1) to transform the design data

contained in the design database into the form required for input into the
LASAR testability computer model and (2) to transform the LASAR testability
analysis results into the form that can be placed into the design database.
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AREA: 3-D Analysis of Structure

CONTRACTOR: General Dynamics/Couvair
PROGRAM: Cruise Missile Avionics

R&M TO BE DEMONSTRATED: 1Inspection Criteria
COST: $1.5M

SCHEDULE: 18 Months

DAMAGE TOLERANCE ACCEPTANCE/REJECTION CRITERIA ANALYSIS
PROBLEM:

Performance of damage tolerance analysis for development of inspection/rejection
criteria of missiles is costly and cumbersome. However, failure to determine
adequate criteria for acceptance or rejection of encanistered or encapsulated
missile assemblies with evidence of external damage (scratches, dents) could
result in costly return transportation, checkout and pipeline replacement of
serviceable missiles in storage and launch platform upload of failed missiles or
in proliferation of checkout equipment to operational sites to verify serviceabil-
ity upon receipt. This is particularly true of the ever increasing "Wooden Round"”
support concepts for advanced systems. Automation of finite area analysis
techniques used to determine transfer of forces to missile avionic equipment and
predict visible external damage resulting from these forces would result in
significant manhour savings. The risk of acceptance of damaged missiles or
rejection of serviceable vehicles would be greatly reduced.

TECHNICAL SOLUTION:

CAD technology can be ued to develop a model to subject the vehicle under an
analysis to forces at any angle to the vehicle/canister surfaces with a range of
magnitude to simluate impacts that might actually be applied during handling
trangsportation and loading operations. Modeling the transfer of these forces to
avionics installations and modeling the resultant surface deflections would
provide correlation between visible surface damage and vehicle serviceability.
Parametric inspection/rejection criteria can then be provided to the technician in
the field.

R&D REQUIREMENTS:

Model development will require identification of data elements to be input from
the CAD engineering data base and interface with algorithms for transfer of impact
forces through the vehicle. This includes characteristics and dimensions of
material, mounting characteristics and shock limits and sensitivities for
installed avionics. Validation of the model would be performed through comparison
of model predictions with results from instrumented test specimens in the
laboratory.

TECHNOLOGY DEMONSTRATION:
The model would be demonstrated on the CAD terminals. Videotapes of CAD CRT

presentations would be prepared in conjunction with videotaping of actual
hardware undergoing testing in the lab to validate results of the model.
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CANDIDATE HARDWARE:

Candidate hardware for pecrformance of the analysis and demonstration of the tech-
nology will be cruise missile canister, airframe assemblies and avionic equipment.

- BENEFITS:

; Development of a damage assessment model will significantly reduce engineering

e T manhours and increase the accuracy of damage toleran.2 analysis. Risk of

= rejection of serviceable missiles would be reduced. This would result in savings

v of at least 50% of engineering manhours after model development, a 10% reduction

. in missile pipeline costs and an improvement in system availability.

o COST AND SCHEDULE:

e,

L. This study is estimated at $1 to 1.5 million over 12 to 18 month period. Cost and
schedule within these ranges will be impacted by the availability of production
type avionics equipment for model validation.
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ARBA:' 3-D Analysis of Structure

CONTRACTOR: Westinghouse

PROGRAM: B-1 Radar

R&M TO BE DEMONSTRATED: Line Replaceable Unit Design
COST: $1.5M

SCHEDULE: 15 Months

AVIONICS CAD/CAM DEMONSTRATION

PROBLEM STATEMENT

Our future weapon systems will be designed, developed and supported by CAD/CAM
systems. Today CAD/CAM systems are coming on-line and being used as efficient
aids in the design process but they are not yet fully developed and much has to be
accomplished to show their practical use at the avionics system level. Specific-
ally, the engineering data and the three-dimensional information resideat in these
systems provides an opportunity to do early trade-off analysis and support system
design in a more efficient manner. Although prime contractors have taken early
initiatives in using CAD/CAM, the full benefits of these systems in development
and suppport of avionics equipments has yet to be demonstrated.

Fielded weapon systems have shown their dependancy on the proper operation and
efficient repair and maintenance of avionics LRUs. To provide the support needed
to keep system readiness at higher levels, CAD/CAM technology applied to avionics
systems needs to be made an integral part of fielded weapon systems design. A
major step to accomplish this would be a demonstration that shows improved design
and support system analysis and the creation of electronic user oriented data that
can be accessed from remote field locations in support of avionics systems.

TECHNICAL SQLUTION

CAD/CAM technology has the capabilities to allow designers, support personnel,
and users direct access to an engineering data base. It can provide improvements
in performing major depot functions, refurbishment, remanufacturing, and in
carrying out major modifications efforts. Its capabilty needs to be explored by a
fully integrated demonstration to show the improvements that can evolve from the
development of technical and support information and the end support products
which can be electronically delivered and accessed directly by the Air Force and
prime contractors is recommended.

This demonstration of CAD/CAM technology should be applied to an avionics
system which is part of an emerging weapon system. The program to be used as
demonstration project will be selected in conjunction with the Air Force and
detailed tasks selected to complement ongoing prime system program activities.
This visible application would advance the current state of CAD/CAM system
development and serve as a pilot project for future systems. It will show readi-
ness considerations that can be accomplished early in the design process as a
result of CAD/CAM technology and the use of this technology by both designers and
support personnel.

A specific LRU from a radar system will be selected as a demonstration test
bed and CAD/CAM technology applied throughout the design and support system
development for his equipment. This demonstration will show a complete picture of
how CAD/CAM technology can be used. It will identify the changes (new equipments,
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o procedures, data requirements, etc.,) that must take place as a shift is made by
Y suppliers and the Air Force to rely on electronic data forms. No new R&D will be
v needed to conduct this demonstration. The need is for procedural development to
fully use the existing capabilities of CAD/CAM systems by designers and support
personnel. <

CAD/CAM systems have many capabilities that have not been fully explored. To
date they are very often used as efficient design aids to solve immediate prob-
lems. For example, the generation of two-dimensional drawings is a common
application because it increases the efficiency in performing required tasks and
the delivery of required information. It does not push the system to fully use
% its inherent qualities. The recommended demonstration will start with design data
. which can be used in various trade-off analysis and will contain a three-dimen-

' sional data base that can be used directly by support designers to generate

. repair and maintenance information and explore assembly/disassembly processes.
. This demonstration will show some changes in the established philosophy for

- designing, creating drawings, and exploring support system trade-offs. It will
_ provide an efficient means for generating user information directly from the
engineering data bases earlier in the design process than it is currently done
today. -

As a valuable by-product the suggested demonstration will establish a direct
link of an end user to a current complete data base that can be used to keep
equipment working. It will follow an integrated readiness center philosophy that
gives the user a closer tie to support information and provides current configura-
- tion status for the equipment. This user link to source data will show how future
. systems can be supported.

DEMONSTRATION TECHNIQUE

The demonstration will be configured to use CAD/CAM completely for the
engineering design and suppport design of a single Line Replacement Unit (LRU).
Both designers and logistics support personnel will access the design data base
and use it to design the equipment and to conduct support trade-offs. The design
data base will be used to create the end item documentation products. Final
documentation such as an illustrated parts breakdown, and maintenance and repair

. information will be created from the CAD/CAM system data and formatted for

- delivery to other electronic data systems. It will have the capability of being
o rapidly updated to reflect system changes. This will include the creation and
S ugse of three-dimensional drawings which will describe the LRU. The three-dimen

sional views of the LRU configuration will be used to review the assembly/disas-
sembly tradeoffs that are necessary in conducting a maintenance analysis. All
- paper delivery requirements will be fulfilled by the electronically formatted
_ CAD/CAM outputs. Part of this demonstration will show how reliability and
- maintainability design considerations can be included in CAD/CAM systems and used
s during the system development. Specifically, the data base will contain reli-
: ability data that can be accessed by reliability personnel to perform analysis.

o The major task areas involved in developing and carrying out the

A demonstration are:

. 1. LRU Selection - Select and coordinate the equipment which shall be used

ca as a test bed. This will involve establishing a complimentary posture
for the demonstration that will enhance the development of the related

e hardware and will not compromise established program delivery
requirements.
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Data Base Creation - Create a complete engineering data base that can be
accessed by design and support personnel. This will include three-dimen-
sional information needed to create technical illustrations, reliability
data, and maintenance/repair information.

Drawing Development - Develop all drawings on the CAD/CAM system using a
logical assembly order for the creation of all drawings.

Reliability Analysis - From a CAD, or an associated terminal, conduct a
reliability analysis using information available from the CAD/CAM data
base.

Maintainability Analysis - Conduct a review of the maintainability
considerations using the CAD/CAM system. This review will ensure access
to parts for maintenance and the ability to assemble and disassemble for
repair purposes.

Support Design - Show the early access of design information by support
personnel who need to generate user oriented repair and maintenance
information. Use the CAD/CAM system to establish a closer tie of support
personnel to the detailed design information.

User Product Delivery - Develop a final electronic data delivery format
for the CAD/CAM generated information which can be accessed by field
users. This will include a demonstration of a fault insertion and repair
using the CAD/CAM information.

Documentation - The several demonstration areas will be documented and a
lessons learned file established to guide the expanded use of CAD/CAM in
design and support of avionics equipments.

BENEFITS

Some of the benefits that will result from this demonstration are:

1.

It will provide positive evidence of an application of CAD/CAM technology
at the avionics LRU level showing how design, development, and support
considerations can be integrated by this technology. It will demonstrate
how reliability and maintainability information can be made part of a
CAD/CAM data base and used in the development of avionics equipment. 1In
addition, it will show an efficient way to integrate support
congsiderations early in the design process. It will demonstrate the
efficiencies that can be realized by having many functional groups of the
equipment development team rapidly access a commmon data base.

It will provide a pilot definition of the way avionics LRUs will be
designed and documented in future systems. This will include a definition
of procedural changes (i.e., creating a drawing in an assembly sequence)
and the functional interfaces (engineering, reliability, maintainability,
technical support, etc.). It will show the costs, time and personnel
savings that can be achieved.
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3. It will provide a first "lesson learned” experience with CAD/CAM
applications designed to provide user oriented information directly from
suppliers' files. This provides potential for improved readiness by
having current and direct access to configurations, repair and
maintenance information.

4. It will demonstrate a form of data delivery that can significantly reduce
the paper trail that follows systems to the field.

5. It will establish an improved way for the Air Force to communicate with
their suppliers and for their suppliers to assist in support of fielded
equipments.

BUDGET PLANNING COSTS AND SCHEDULES

For planning purposes, it is estimated that the suggested demonstration could
be conducted for $1.5M, It would cover a time period of approximately 15 months.
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AREA: Thermal Stress Analysis

CONTRACTOR: Boeing

PROGRAM: Improved Minuteman Physical Security System
R&M TO BE DEMONSTRATED: Thermal Stress Analysis
COST: $1.3M

SCHEDULE: 14 Months

THERMAL MANAGEMENT AND RELIABILITY "'TM&R) ANALYSIS DEMONSTRATION PROGRAM
1.0 Statement of the Problem

Conventional PCB packaging design proce..re is concerned primarily with the
routing of the signals. Component plac-ment is selected to minimize the
difficulty of routing the signals. As n example, the consequence of this design
procedure will place the component with he most pins (and thus signals) in the
territory near the center of the board. If the board is of the edge-cooled
variety, this results in the component =ing placed near the hottest spot on the
board. As g result of the sensitivity +: component reliability to component
termperature, the component would have failure rate greater than it would have
had at a location nearer to the heat s: .« (board edge). These facts are known
and an experienced designer will select . part placement to attempt to minimize
the failure rates. However, it is diff :ult to account for effects of the
different power dissipations and temper -ure dependent reliability function; of
the many types of components used on a «ard.

The problem lies with providing the des -ner with an analysis tool which will
facilitate analysis of thermal consider <ions so that their impact on the design
can be taken into account during the de: ign phase of an electronics design
program. Existing computer-aided desig: tools can be used to develop the
necessary analysis data, but these are sually not integrated and the necessary
iterations are complex and time consumir:. As a result, it is impractical to
synchronize these analyses with the typ::al hardware design schedules. This
makes it difficult to incorporate the thermal design considerations into the
design before other CAD tools are used -or the detailed layout of the design.

This proposal addresses a way to speed up and integrate the thermal design
analyses. This will enable timely inclusion of their performance in the sequence
of electroniv computer aided design steps and the impact of their results in the
design cycle. This will produce more reliable and less expensive electronics
packaging designs.

2.0 Technical Solution

Boeing proposes to use the Integrated Thermal Avionics Design (ITAD) System to
demonstrate gains which can be realized with modern CAD tools. ITAD was developed
by Boeing under contract to AFFDL. ITAD is an extremely flexible system which can
be used by the electronic packaging engineer to determine the optimum (minimum
failure rate) PCB packaging design for a known thermal environment.

ITAD is comprised of the core software and an extensive group of analysis
programs. The executive segment of the core software is used to implement "user
friendliness” via menus. It provides for a number of predefined design
procedures. A design procedurc is thte specification of a number of analysis
programs and their order of execution. The executive leads the user through his
selected scenario step by step. At he start of each step the executive calls
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the Input Processor. The Input Processor serves as a "user friendly" interface
between the user, the data base, and the particular analysis program for the
current scenario step. It leads the user through a review of the data elements
resident in the data base which will be required for input to the analysis. When
the designer is satisfied with the data values the Input Processor extracts them
from the data base and formats the input file for the analysis program.

The executive then launches the analysis program for execution and calls the
Output Processor when the analysis program output file is available. The Output
Processor searches the output file for data elements which will be required for
subsequent analysis steps and updates the data base with new values. The
executive then proceeds to the next scenario step where the cycle through the core
software is repeated. Upon completion of the scenario, the design "solution” is
contained in the data base. All of the output files are also available as a user
option. The Data Base Management System (DBMS) is another core software utility.
It has a query language which may be used to directly examine the content of the
data base.

The following analysis programs are currently integrated into ITAD:

A) LRU/PCB Thermal Analysis (SINDA)

B) Thermal design optimization (QPTEMP)

C) Part placement routability (DAP)

D) MIL HDBK 217 reliability analysis (ORACLE)
E) Thermal Conductance Evaluation (QMHO)

F) Preliminary ECS design (AIRSCOPE)

G) High Power System design (CAPSD)

H) Life Cycle Cost (LCC/PRICE)

I) Flight Penalty (FPEN)

A brief description of each program follows:

* PCB and LRU Thermal Analyses are two separate thermal models which use the
SINDA general purpose analysis program. The two models handle the PCB aad
LRU design parameters as variables and thus are applicable to a wide range of
PCB's and LRU's.

% Electronic component reliability analysis is handled by ORACLE, the
computerized version of MIL-HDBK-217D.

* OPTEMP II is optimization analysis code written specifically for ITAD. Its
five functions are: to select the optimum order of electronic components in
a linear thermal enviromment; to select the optimum order of serial PCB's
relative to a coolant; to select the optimum allocation of coolant to
parallel branched LRU's; and to select the optimum serial combination of
parallel branched LRU's relative to the coolant.

* Routability assessment for a specific PCB part placement is handled by the
DAP program.

X Life Cycle Cost analysis is handled by the LCC program which is based on the
LSC model in conjunction with a downtime cost model and user supplied
acquisition cost.

For airborne systems, an analysis (FPEN) is incorporated for evaluating the
increase in aircraft fuel cost.
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x QMHO is an interactive utility useful for evaluating heat transfer
coefficients and thermal conductances.

AIRSCOPE is an aircraft environmental control system preliminary design
analysis.

HPSPD is an airborne high power system preliminary design analysis.

The items above marked with an asterisk (*) will be useful for this proposed
demonstration.

It is anticipated that the following scenario will demonstate the gains in
reliability achievable with ITAD:

Establish Equipment Environment.

Conduct LRU Internal Thermal Analysis.

Conduct PCB thermal Analysis for existing design.

Conduct Reliability evaluation for existing design to establish baseline
values and to validate analysis procedure.

O Select trade strategy with most potential.

0000

Those supported by existing ITAD are:

1. Reposition parts on each PCB to achieve minimum failure rate based on
thermal considerations

2. Upgrade quality of parts used

3. Select thermally optimum coolant distribution network

4. Combinations of 1, 2, & 3

O Conduct trade to determine potential gain in reliability.

An additional result of this scenario is a temperature survey of all the
components on each PCB. Thus any problem components will easily be identified.
Any special purpose hest sinking required for these problem components may be
incorporated into the design and an additional cycle through the analysis
programs will readily identify new component temperatures and reliabilities.

A fundemental design requirement of ITAD was that additional analysis programs
could be readily integrated into ITAD for use in a scenario. This design
requirement is satisfied, thus, if additional analysis programs are available and
appropriate for the selected trade, they could be integreated to take advantsge
of the features of ITAD.

ITAD was implemented initially for airborne avionics where individual PCB's seldom
exceed a size of 6 X 9 inches. No modifications to ITAD software are expected for
use of ITAD in PCB's of this size or smaller. However, ags the IMPSS is partition-
ed, larger PCB's may be encountered. We may then have to modify some parameters
in ITAD software. These modifications are considered minor.

ITAD has an extensive electronic components library in the data base. It is
anticipated that the library will suffice for a high percentage of PCB's. As new
components enter the marketplace and are used on new IMPSS designs the library
will have to be updated.
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The data base requires definition of a data model to contain all of the data
required in ITAD. Currently only aircraft weapon systems are supported with a
data model.

3.0 Demonstration

% The following paragraphs briefly describe the planned TM&R Analysis Demonstration
. program.

2 3.1 CAD Techniques to be Demonstrated

Using ITAD, Boeing will analyze the developing designs for the electronics of the
! IMPSS. The analysis will be phased with the project to allow time for recommenda-
:, tions to be implemented on a timely basis. The steps to be followed in the

N demonstration consist of establishing the thermal environemnt followed by an
internal thermal analysis on the existing design. This then leads to a
reliability evaluation of the existing design, as a baseline.

The CAD techniques supported by ITAD will then be applied in a trade study which

allows repositioning of parts on boards, upgrading parts quality, and adjusting

the coolant distribution network as necessary to optimize the reliability. The
> - optimization goal will be to minimize lifw-cycle costs for the system.

Using the baseline data established on the initial designs and the potential
improvements established by the application of the advanced CAD techniques J
X collectively applied using ITAD, the demonstration will verify that the

- application of these techniques can significantly reduce electronic system life
cycle costs thru increased reliability. The demonstration will show that this
can be done in a timely manner consistent with actual schedules of a real
hardware development program.

3.2 Candidate Program

The Boeing Company has selected the Imprg,%d Minuteman Physical Security System
(IMPSS) as its candidate program. The work package is a replacement for the
existing physical security system for Wings I and VI. The new system is a

I monostatic radar using advanced microprocessor techniques. Doppler filtering aad
s processing is used to achieve high probability of detection of intruders along
with low nuisance alarm rate. The contracting agency is 0O-ALC. The contract
number is F42600-83-D-0123. The PCO is Annbel L. Byrd [(801)-777-4891].

The program is underway and authorization has been approved through qualification
testing. PDR is scheduled for October 1983 and CDR is scheduled for May 1984,

3.3 Computer-Aided Design Equipment

‘;,3 ITAD uses s local minicomputer and color display system as the user interface to
. VAX and CYBER computers. The larger computers host most of the ITAD software,

the data bases, and the analysis programs used by ITAD. To minimize rehosting

problems for the demonstration we propose to purchase a duplicate of the existing

ITAD terminal system, and use the existing software. Existing VAX and CYBER

. computers will be used for the main frame units.

y f:' The ITAD terminal system consists of a DEC PDP 11/23 minicomputer with two 10MB
hard disk drives. It is interfaced to a Genisco color display system capable of
displaying 256 colors from a menu of 16 million colors. Black and white hard
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copy is obtained from a Tektronix video hard copy unit, or a letter quality
printer. Color hard copy is obtained from a 8-color pen plotter or a Matrix color
camera. The latter provides 8 X 10 Polaroid copies (example attached) or 35mm
slides. Communications to the main frame computers are via a 1200 baud modem and
& commmercial telephone line. The local terminal system also supports ITAD
documentation preparation and maintenance with a word processor, accessed from
local wired terminals.

The ITAD minicomputer and color display system was selected from mature hardware
systems in 1980. Subsequently, more capable equipment has appeared on the market.
Our present intent is to duplicate the existing ITAD hardware for this demonstra-
tion. This will assure compatibility with existing ITAD terminal software.
However, an early task will be to review more recent computer/display systems for
compatibility with ITAD terminal software, and the ITAD system. This could result
in selecting hardware which is functionally equivalent, but not identical with
that described above. Such new hardware, if selected, could be expected to
provide faster user response, capabilities for expanded local functions, higher
reliability, and lower cost. Some R&D would probably be required to rehost the
existing terminal software.

4.0 Benefits

It is estimated that the failure rates of PCB's in airborne avionic systems can be
improved by 25% by employing the design principles implemented in ITAD. The gain
in reliability results from placement of the individual components in the actual
thermal environment cognizant of the sensitivity of component reliability to its
temperature.

As a result of the elevated temperature of the thermal environment experienced by
most airborne avionic equipment, the gains in reliability are expected to be
greater than those anticipated where the same design principles are applied to
ground based equipment. Thus the gain in reliability of the IMPSS with the use
of ITAD can not be expected to exceed 25% over conventional design procedures.

5.0 Estimated Cost

Boeing believes that a detailed statement-of-work can be developed to accomplish
the TM&R Analysis Demonstration program for a budgetary estimate of $1.3M. This
program assumes no GFE except the ITAD software which Boeing has in hand. We have
assumed permission to use this software will be granted by the ITAD program
manager, Dr. George Kurlyowich of AFFDL. As part of the TM&R Analysis
Demonstration program, Boeing intends to purchase a duplicate set of ITAD terminal
equipment (color display, terminal computer, plotter, and color camera), or its
functional equivalent, and use its own CDC Cyber and DEC VAX computing resources.
The ITAD terminal equipment will be owned by the government and delivered at the
completion of the TM&R Analysis program. Boeing has proposed this approach of
duplicating the ITAD terminal equipment because Dr. Kurlyowich has indicated that
there would be a conflict in the planned use of the ITAD contract.

6.0 Schedule

Figure 6.1 shows a 14 month schedule for the TM&R Analysis Demonstration Program.
The schedule starts in mid-July 1983. It is important that the program start

close to this date in order to have an influence on the IMPSS program. The tasks
shown in Figure 6.1 allow some flexibility in definition and can be negotiated in
the Statement-of-Work. (Insert Figure 6.1). -
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AREA: Thermal Stress Analysis

CONTRACTOR: General Dynamics/Convair

PROGRAM: Cruise Missile Avionics

R&M TO BE DEMONSTRATED: Avionics Component Reliability
COST: $1M

SCHEDULE: 12 Months

THERMAL INDUCED RELIABILITY DEGRADATION ANALYSIS
PROBLEN:

Increasing sophistication and complexity of aircraft/missile system avionics
combined with requirements to reduce vehicle cross sections and observability,
have resulted in high density packaging of avionic equipment. The potential for
thermal build-up in avionics equipment areas is compounded by the requirement to
minimize surface interruptions such as cooling vents in order to achieve low
signature requirements for vehicle survivability. As ambient temperatures
approach 1009C, further increases dramatically increase failure rates at the
printed circuit level of assembly. The build-up of ambient temperatures through-
out a mission may vary with equipment operating cycles and transfer of heat from
the vehicle skin. Thus, analysis of the thermal characteristics of aerospace
avionics system and resultant degradation of component/system reliability is a
complex process, requiring many engineering manhours. Dimensional and volumetric
data must be transferred from engineering drawings to input existing models.

TECHNICAL SOLUTION:

Special and dimensional data required for analysis of thermal propagation is
resident within the CAD data base. This includes data on individual modules as
well as their relationship to each other when installed in the vehicle. Studies
on performance of thermal propogation of thermal propogation analysis using CAD
have been conducted at the Flight Dynamics Laboratory at Wright-Patterson Air
Force Base. Marriage of this analysis technique with CAD automation of reliabil-
ity prediction techniques would provide a model for analysis of avionics reli-
ability degradation for various mission profiles and environmental conditionms.

R&D REQUIREMENTS:

Using the Flight Dynamics Laboratory CAD thermal analysis as a baseline, R&D
required to develop this model would primarily consist of CAD automation of
reliability prediction models. This automation would require update of environ-
mental K-factors as the thermal propagation model indicated changes in operating
temperature for each printed circuit assembly under analysis. Interface the model
with CAD color graphics terminals would slso be developed, enabling display of
reliability degradation through color changes of the displayed modules.

TECHNOLOGY DEMONSTRATION:

Demonstration of the thermal degradation model would include a three dimensional
color presentation of a cruise missile avionics area and running of the model to
simulate multiple mission profiles and two or more design changes to change the

thermal characteristics of the avionics suite. Graphic plots of temperature and
failure rate of individual printed circuit cards would also be produced.
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CANDIDATE HARDWARE:

.-j Candidate hardware for performance of the analysis and demonstration of the
: technology will be cruise misgsile avionic equipment.

S BENEFITS:

}; Development of the automated reliability degradation model would result in

X significant reduction of engineering manhours. This analysis is an iterative

L process, therefore, the capability of moving assemblies within the CAD data base
without having to re-input dimensional data would facilitate rapid assessment of
changes to correct thermal problems. Reliability of avionics installation could
o be optimized through successive iterations of the model, increasing overall

L mission reliability of the system. Cost and reliability improvements would

- approximate a 50% savings on engineering manhours and a 10% improvement on mission
" reliability.

COST AND SCHEDULE:
1: This study is estimated to require $750K to $1M over a 12 month period. Cost will

be impacted by the degree of transferability of the Flight Dynamics Laboratory
thermal model to computervision requirements.
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- AREA: Thermal Stress Analysis

4 CONTRACTOR: Sperry

'O PROGRAM: Advanced Tactical Radar

. RSM TO BE DEMONSTRATED: Thermal & Mechanical Stress Analysis

{ COST: $.5M

~ SCHEDULE: 12 Months

L

>

:J RELTABILITY AND MAINTAINABILITY IMPROVEMENT STUDIES

3 -

) Procedure: A turnkey CAD system and an :ssociated main computer will be used to
- generate and analyze a project descripti-a data base. Using the descriptive base

- generated on the CAD system, an analysis of failure modes and stress levels
" (mechanical and thermal) will be made on iLhe main computer. The results of those
‘F analyses will be visualized on the CAD :stem. Accessibility studies will be
J30 performed on the CAD system using its 3-.. view manipulation and parts 'explosion’

capabilities. The initial system physic:i design will be entered onto the CAD
>, system. Modeling sequences representat:.e of the mechanical and thermal stress/
W failure levels of the initial design, an: of access/maintainability problems will
Y be developed to allow visualization of “-.ese areas. These sequences will be
j _ archived on magnetic tape, and a design mprovement cycle started. The time and
> o work level required to get to significan. improvement stages will be recorded,
N together with the resulting model demon:s:ration sequence. When the final design
> is reached, (with its associated model :equences) the flow of the development, and
the resulting improvements will be demor:trated by displaying the sequential
model displays in a semi-animated mode.
Equipment: The proposed effort would use a Computer Vision CADS 4 system as the
turnkey CAD system. It has its own computer (a 'OCP200'), two color (high

! resolution) work stations and two monoch-one work stations, it has a 300 mbyte

" disk system for active data bases, a magnetic tape servo, and access to a large
5 Versetec plotter. The associated computer will be either the 'in-house' U1100/80
- main computer, as a D3C VAX system (probably both will be used in different
- phases of the analysis).

N Software: The CADS 4 system provides the basic software needed to generate the
. 3-D project deck base, to interface with the analysis programs, and to generate
3 the required 'model sequences’. Using off-line processing it can display solid

1 modeling image sequences to show fit interference, and accessibility procedures.

PN v
f The 01100/80 system currently hosts the MASTRAN mechanical and thermal
analysis program.

j Other programs, as needed, will be obtained/generated, most probably on the
j D3C VAX systen.

'

'y
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?;}; AREA: Logistics Support Analysis Methods
. CONTRACTOR: McDonnell Douglas

e PROGRAM: C-17
. R&M TO BE DEMONSTRATED: R&M Data Base System
-y COST: $2M

SCHEDULE: 12 Months

‘!

3$: OPPORTUNITIES FOR DEMONSTRATING RELIABILITY AND MAINTAINABILITY

;u}' ENHANCEMENT THROUGH COMPUTER AIDED TECHNOLOGY - C-17 AIRLIFT SYSTEM

! Introduction

2

0 A major element of the initial modestly paced development effort on the C-17

;§;~ system has been to put in place the Reliability and Maintainability (R&M) techno-
RS logy that will concentrate the design effort effectively in this area. This has
] presented a significant challenge, which has been addressed through a broad

approach, applying both traditional and new techniques. The material which fol-

AR lows addresses primarily the new techniques which rely heavily on computer aids.
'-:,,'{
42:3 The thrust of the effort shows clear promise and will lead to opportunities for
:&; demonstration in the very near future. Some elements, however, are aimed farther
) down the road and are more conceptual at this time. Acceleration of these ele-
.”Ti ments would be required to achieve an early demonstration of their effectiveness.

[ Y

>

:ﬁf The Problem to be Solved
‘;;ﬁ Operating and support costs represent a major portion of the cost of weapon

P

systems. Also, a system is only as effective as its reliability and availability
\ wili allow. The reliability, maintainability, and availability of a given system
is basically establised in its design and development cycle. Once it has reached
production little can be effectively done to substantially improve reliability
and maintainability beyond the normal maturation process, without large cost
impact. Therfore, R&M enhancement must occur early in the system development

s effort, for maximum impact.

Challenging top-level R&M specifications have been written for the C-17. How-
ever, the mechanisms that will assure their achievement did not initially exist.
Logistic Support Analysis (LSA) programs were in a very conceptual stage and even
P, at that stage did not appear to address the specific needs of the early system
O design and development phase. At the same time they were so broad in context
that their usefulness did not appear timely to the impact we sought. Traditional
functional approaches to R&M management were fragmented into several
organizations, each with its own techniques and largely independent historical
databases and models. Extensive manual data handling further reduced the

» effectiveness of these approaches.

As more and more of the design effort enters the "computer-aided" environment,
R&M efforts are logically moving toward the same environment. The problem here
is how to best take advantage of the opportunities this movement presents.

Technical Solution

Y

BEORRAAR -
LRI L N

1 In addition to affirming effective traditional techniques, a major effort is
- under way on the C-17 program to significantly enhance R&M efforts through new
techniques. These fall into three categories:
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O Development of a common R&M database with computer aids for estimating,
allocating, and managing R&M impact.

O Conceptual development through experimentation with the man/tool/machine
interface in the Computer-Aided-Design (CAD) environment.

0 Concern for the "human reliability" aspect of what is mostly represented
a8 a "machine reliability" issue.

We have concentrated most heavily on the first of these categories, the develop-
ment of a common R&M database. These efforts are bearing fruits and will support
a demonstration as we move further into the design phase. Additional development
is needed, but it will occur as an essential ingredient of the C-17 program
effort.

The R&M database system is viewed as a companion to an LSA program. It is broader
in the reliability and mission modeling areas and narrower in the overall logistic
support area. It is focused on impacting the system in its design and development
phase. Its major elements include the following:

0 An accurate, centralized, hierarchical description of the aircraft systems
and subsystems to at least the LRU level. Built-In-Test (BIT) features are
integral to this description. (This aspect is proving to have velue beyond
its R&M application.)

O An accurate, centralized description and model of the system operational
missions and mission requirements.

O Logical correlation to existing historical databases and supplier
information files for extracting source and comparative data.

O Computer aids to assist the R&M engineer in the development of component
R&M estimates, including cross-checks for consistency and commonality where
it must exist.

O Interfaces with the analytical programs which integrate the pieces into the
whole for top level visibility. The focus is primarily on the Reliability,
Maintainability and Availability objectives in their own right (Mission
Completion Success Probability, MMH/FH, Full Mission Capable Rate, etc.).
However, life-cycle-cost (LCC) links are being developed.

O An effective management process using allocations, reserves, and comprehen-
sive reporting; combining top level visibility with bottom level knowledge.

Bfforts in the second category, developing a computer-based representation of the
man/tool/machine interface, are still conceptual. With more and more of the
initial system definition occurring in a three-dimensional computer environment,
the ultimate development of the man/tool interface or counterpart is inevitable.
The visusl benefits provided by computer graphics carry an obvious promise of
early visibility into the spatial aspects of maintainability. A significant
amount of additional development is necessary to reach a meaningful demonstration
of this technology. However, the effort could be concentrated on a relatively
small portion of the entire system to reach a demonstration capability in a
relatively short time. Placing the man and tool representations in the computer
will be relatively easy, and in fact exist in part. The greatest challenge may be
in training people to use the system and controlling the cost.

The last category mentioned above, the concern for "human reliability”, is yet to
be given concrete direction. Any near-term demonstration of new R&M technologies
could only touch on this aspect. However, we will continue to address the issue
and would incorporate in any demonstration whatever has been developed at the
time.
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Demonstration Possibilities

The identification of the problem and its technical solution has been given much
attention. However, a specific demonstration of the solution, other than through
its direct impact on the C-17 design and its R&M performance, has not been
planned. Therefore, the thoughts that follow represent initial reactions to the
possibility of such a demonstration. A significant portion of the funding for
such an effort would be devoted to carefully detailing the demonstration to
achieve as much visibility as possible.

Ideally, a phased demonstration would be most effective, covering progressive
steps in the development through preliminary design, final design, and ultimately
flight and operational testing. Specific near-term demonstration opportunities

on the C-17 system will depend on the rate at which the program proceeds. A
likely approach would be to concentrate on the detail design features of a portion
of the system while covering the broad impact of the new R&M technologies on the
whole system at the preliminary design level. A follow-up effort or efforts could
demonstrate longer-term impact.

The demonstration would consist of a complate written documentation of the process
and its measured and subjective impact. An onsite demonstration of the process in
action would be offered. Offsite active demonstrations would be more difficult,
but could be developed.

The demonstration would cover the overa:l approach to improving R&M, but focus on
the new techniques involved, which have been discussed in the "Technical Solution™
section above. The demonstration would :concentrate on the effectiveness of these
techniques in focusing design efforts or R&M improvement and adequacy. It will be
important to show personal designer reaction to the process, as well as specific
measured numerical impact.

Benefits

While significant individual engineering labor savings will materialize from these
new techniques, we believe the greater concentration on R&M improvement will
largely offset these front-end savings. The primary benefit will accrue to the
end product, resulting in a significantly more reliable, maintainable and avail-
able system. Attendant operating and support cost reductions will be substantial.

The intent is to assure the attainment of R&M objectives that have been establish-
ed for the C-17. These represent on the order of 40 percent improvement over the
best of the existing airlift aircraft. This is in spite of greater mission
capability and more demanding operational mission requirements, including
operations into small austere airfields with little or no support facilities and a
high frequency of operation in the demanding roles of airdrop, low altitude
cruise, and close formation flying. This represents the best indication of the
magnitude of benefit the new techniques will provide.

Cost and Schedule

Cost and schedule are closely related. Also, there is a good deal of flexibility
in both, depending on the specific demonstration to be undertaken. We understand
that funds on the order of $2M may be available for this eftort. One approach
would be to scope a demonstration to this level of funding. 1In this case a
comprehensive demonstration could be conducted toward the end of 1984, assuming a
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start sometime late in 1983. This would provide for a complete treatment of the
improvements to design approach as focused through the common, centralized
database, and a significant demonstration of the computer-aided graphics
representation of the man/tool/machine interface.

An excellent demonstration of the basic approach and benefits could be conducted
for substantially less; and, of course, more depth could be covered with more
funding, especially if the time period were extended somewhat to permit the design
to develop in more detail. The best route would probably be to follow the middle
rosd discussed above and look toward a more distant follow-up effort to be
defined later.

A possible schedule might start in October 1983, with 6 months of demonstration
plarning followed by 6 months of demonstration implementation, culminating in a
demonstration in Novemenber of 1984.
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ARBA: Logisitics Support Analysis Methods
CONTRACTOR: Northrop, Aircraft Division
PROGRAM: F-20

R&M TO BE DEMONSTRATED: Airframe LSA
COST: $150K

SCHEDULE: 16 Months

COMPUTER AIDED ENGINEERING APPLICATION TO
IMPROVE WEAPON SYSTEM SUPPORTABILITY

The Northrop Corporation, Aircraft Division has been actively developing Computer
Aided Design and Manufacturing (CADAM) capabilities to aid in the design engineer-
ing and manufacturing of the current product line of tactical fighter weapon
systems (F-5, F-18, and F-20). The recognized benefits in terms of quality and
productivity are the primary incentive in obtaining this capability. Simultane-
ously, the Northrup product committment of effective, low ownership cost aircraft
stimulated implementation of an aggressive Logistics Support Analysis (LSA)
program for all development activities. Since the objective of the LSA program is
to influence design to improve supportability, all opportunities to more closely
relate engineering design effort with the LSA effort are explored. Hence, an IR&D
project is currently on-going to define the utility of CADAM technology in the LSA
process.

Preliminary results of the IR&D project indicate two areas of particular benefit
to the LSA Process from CAE applications. The first involves the coupling of
engineering and support analysis. Engineering data is evolving and still
amenable to change. This is in contrast to the current system whereby support
analysis effectively begins after drawing release, the design is in a somewhat
stable state wherein the effort required to overcome the inertia of the system to
cause a change is substantial. Essentially, through the computer aided engineer-
ing process the preliminary support analysis can be more effectively integrated to
achieve the primary LSA objective of improving the suppportability through design.

The second area of identified benefit resides in the utility of the three dimen-
sionsl display (NCAD) in visualizing the construction and packaging of components
into the airframe. This visualization, and the ability to rotate the display, can
significantly improve the maintenance task anslysis. This task analysis consti-
tutes the basis for the assessment of support resources required to restore a
failed element to serviceable condition and is therefore a key element in the
support analysis process.

The current IR&D project will be complete in the fall of 1983. At the present
time, no additional study is anticipated as the F-20 engineering development and
LSA programs are essentially complete. A pilot project to demonstrate the
feasibility of the CADAM application to LSA can be undertaken for the sirframe
maintenance plans for the F-20. Considerable engineering modification to the
basic airframe to accommodate the manufacturing process is anticipated as the
program moves into the production phase. Consequently, the airframe LSA was
deferred - it is the single major element of the total weapon system LSA remaining
to be accomplished. This pilot project could begin within the next two months and
will require R&D funds to support approximately 1.5 man years of effort and the
necessary hardware and software to implement the interface with the CADAM systems.
The project would be completed in approximately 16 months given a start date of
August 1983.
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The pilot study would provide the necessary data to confirm the applicability of
automated engineering processes to the LSA process and the benefit in terms of
improved supportability which would derive therefrom. The next full weapons
system development (the Advanced Tactical Fighter) would provide the opportunity
for large scale implementation and demonstration of the procedures and techaiques
evolved from the pilot study on the F-20 program.
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1. VHSIC in M&RE Study | A _A

2. Resource Allocation

Hetnodology A A
\.':‘ 3. Critical Technoloay
. Demctstration A A

4. DA Alds Requirement
Speciflication L A

FIGURE 3. PROPCSED PROGRAM SCIEDULE

TAELR 1. MANPOUER ESTIMAYES

MAN HOURS
. Task I VHSIC in M&RE Study 1100
Task 11 VHSIC Resoures Allocation for
¥ield Maintenance 2300
Task IIT Critical Technology Demonstration €500
- Task IV DA Alds Requirements Specification 2100
Total 12000
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'?E INTEGRATED SUPPORT SYSTEM DESIGN (1DS)
= T. N. BERNSTEIN 1
[ AIR FORCE WIRHGT AERONAUTICAL LABORATORIES
- FLIGHT DYNAMICS LABORATORY
e WRIGHT-PATTERSON AIR FORCE BASE, OHIOD
(.jj
‘v j-. .1
: PROBLEM STATEMENT:
bi: A modern aerospace vehicle is a complex integration of sophisticated technical
i) )
_;T systems manufactured to the exacting standards required for mission performance,
- ]
safety and economy. The complexity of both the design and manufacturing processes
e has increased significantly as a result of the high technology employed. Tradi-
’:f tioral methods generate enormous volumes of information which must be managed
N 1
- manually today. This task is manpower intensive and results.in a substantial loss
j}j in productivity. The application of computer technology‘has produced improvements
\_l
7:5 in the engineering disciplines. These improvements have only partially exploited
AN
: the potential for computational efficiency and automated data communication. They 1
.. have concentrated on isolated elements of vehicle design and not on the integration
ﬁf of the overall design process.
% 1
:j Computer Aided Design (CAD) and Computer Aided Manufacturing (CAM) technology
ﬂﬁ have both matured to the point where it is now possible to design and build an '
\.’
- integrated-system. 4
™ Currently there are a number of programs addressing the integration of
v manufacturing technology. Principal among these is the Air Force Integrated 1
N
i Computer Aided Manufacturing (ICAM) program. In fact the Air Force is looking
.;; beyond 1lAM, to the concept of the Factory of the Future, which will maximize
v the impact of computers on Aerospace Batch Manufacturing. 1
i
‘."
7
En.: A- 5 4
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There is howewer, no unified approach to integrate the application of computer

technology to the Aerospace Design process. NASA's Integrated Program for Aerospace
Design (IPAD) is addressing the development of an Engineering Data Base Management
System, and the Air Force Integrated Thermal Avionics Design program (ITAD) is
developing an electronics design system for printed circuit boards. There is, of
course, an abundance of "Turn key" systems on the market today, calling themselves

CAD systems. However, they are actually Drafting, not Design systems.

Today all major aerospace companies are using computer based CAD systems to
assist their engineers . in the creation of drawings - reducing the time required

to produce geometry and related data by factors of as much as 12 to 1.

CAD tools could make design data available to other groups participating in
the design process. But current studies of this idea indicate that there are
deficiencies in this approach. Too many components of Design have not been brought
into "computer age compatibility". That is, either they have not yei been computer-
ized or if they have been programmed, the software cannot be linked up or "Integrated"
without considerable and expensive rework. This then is the general weakness of
todays CAD approach, the lack of integration between the various design disciplinas

and betwez~ the design function and the balance of mznufacturing.

TECHNICAL SOLUTION:

The 1DS program is a concept for improving productiyity in ARerospace Design.
It consists of a combined technical and management plan, designed to integrate
the aerospace design process, primarily through the systematic application of

advanced computer technology. Since a major portion of the design activity is

concerned with the cormunication of information, two of the primary components of




IDS are 2 central engineering data base and a highly efficient data base management

,{ﬂ} system. The various technical disciplines such as structures, aerodynamics and
(}‘ propulsion, together with their associated management functions will then be inte-
v

- grated through this common data structure. The entire design activity, from concep-

tual design to final detailed désign will be included in the program.

‘l ‘- ‘l '.l '.

The program begins with the establishment of a genéric framework, or architec-

?i: ture for the design process, through which an integrated application of computer
- technology would proceed in the form of modular subsystems to computer assist and
%S: tie together the various design disciplines, resulting in a comprehensive manage-
;?? ment and control system for the design process.

Eéz The basic technology required to implement this program has been accomplished
';z; both in the areas of design and computer technologies. The basic technology

;'J" advancement arising from this effort will be the integration of design capability
= and the demonstration of this integration concept through specially selected

E}}? projects. These projects will consist of "Wedges" cutting across the spectrum

.:' of aercspace design and the demonstrations will be carried out in a production

:&: environment. '
SN

b2

'3;: IDS's potential to provide direct engineering support to an emerging wezpon}
té systerm has been cerefully studied. In addition, its capacity to reduce acquisition
%:i; and Tife cycle costs has been determined. The B-1B has been selected as a prime
}":v candidete for application of this technology because of its large inyestment,

:izi limited procurement, wide fieet disbursement and strategic importance. Application
EEE of IDS technology to the B-1B will result in decreased downtime, raduced mainterance
= costs, and fmproved fleet readiness. IDS is a prototype design system specifically
f;if designed to achieve the following objectives. The program will serve as a
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E;& technology demonstrator, operating in a production environment. The IDS develop-
E?é ment will provide the transfer and tracking of design data in manufacturing

ﬁii operations through the implementation of an integrated data base management

;:f system. This system will also significantly influence the estazblishment of a

responsive sustaining engineering design data base. IDS development will further

2id potential downstream activities by providing integration of critical design

technologies with the use of a captured design data base.

BENEFITS:

Substantial benefits will result from implementation of the IDS system. IDS
will not only improve our ability to design a system initially, but we also expect
it to provide an order of magnitude improvement in our ability to redesign an
existing system in order to meet changing mission requirements. IDS will enable
_§‘~ an engineer to design or redesign components to meet expanded or new mission roles
. for weapon systems. The capability to communicate design data between design
disciplines, from design to manufacturing, between prime and subcontractors and
?f; between contractors and the Air Force will be significantly improved. 1DS will
. provide improved ability to perform sustaining engineering as a result of the
design data being captured in a total systems data base. Configuration Managements
of an entire fleet by tail number will be possible since this same data base will
accormodate fleet data, mission data, damage/repair data, and design modifications.
The benefits to be derived from this aspect of the program will occur downstream in
sustaining engineering/repair, modification and support wherein life cycle costs
will be sigrificantly reduced. Suhstantial productivity improvement can be

chieved by implementing an integrated system in AFLC and field support/repair
activities. Reduced aircraft downtime can be achieved through improved aircraft
repair and logistics support, as a result of rapid availability of structural

design and repair data. Avatlability of detail part manufacturing data into the
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1990's, long after many aircraft component suppliers have gone out of business,

- is a real problem that can be overcome by having an interactive stored part design 1

m data base.

Intangible benefits include IDS's capability to maximize man's unique creative 1

and decision making capabilities while assigning routine tasks to the computer.
This will result in a significant reduction in schedule delays, costly errors and

inefficiencies. i

The driving force behind the development of an IDS system however, is still

improved productivity resulting in reduced costs of weapon* systems coupled with

]
the increased efficiency and responsiveness of the aerospace-industry.
CosTS: 1
The cost of the 1DS program has been established at $17.4M dollars over a
scheduled development period of six years.
IMPLEMENTATION: T
It is recormended that the AFWAL's Flight Dynamics Laboratory be tasked to
conduct the IDS program. FDL has been active in CAD since its inception in the 4
late 60's and has worked closely with other large scale computer integration
efforts such as the Integrated Computer Aided Manufacturing (ICAM) program currently
underway in AFWAL's Materials Lahoratory. {

.~ A

...................... ->-'...‘i-‘:_\" R . .._ :-

-" --.\ - ‘-“ N‘ .‘A -’ - -‘. Nx h.. - - \.- .- --.
RS e ST,

RIS YA TR PO TR PR R T A PRI



\? ARt e e S Ay A A aC S e o pe gt aod 0t S - O A Al Vi i S e I PR ATt DO AT o |

N APPENDIX B

Discussion of an Example
Cornfiguration Management and Data Control Module

AN DMCS

: Data Management and Control System
by

GE-CAE International

‘.
s,

, 4‘.’.' l.

% ‘I. (RS
4

“‘~‘-$ s

D -
bt 'J Lol l-'

ikl
3




Mt Ao Sy ACRASIAC I A AP A N S e i SO R A R A e L P e SN SCOL IR JFN -1

Background

The last decade was a time for radical technical innovations and
significant cost reductions in computer hardware and associated terminal ‘
interface systems. [n the 1970's, these trends led to the introduction of
computer based design and manufacturing systems capable of automating
complex functions at reasonable cost. The use of Interactive Graphics (IAG)

- systems to automate design drafting and manufacturing machine control
= functions is a well established se of productivity improvement through
computer automation. The incleasing use of'pﬁ_ckaged vendor softwars
systems to automate engineering analysis functions and manufacturing

planning functions has also resulted in significant g -oductivity gains in both
- design and manufacturing arganizations.
Now

Today many companies are major users of - .

both Interactive Graphics systems and other CAD/CAM packaged software
- systems. These CAD/CAM systems have resulted in both significant
- productivity gains and harder to measure improvements in product quality and
product innovation through a synergism between man and computer.

However, as significant as these gains have been, they are primarily a

result of automating specific functions through the use of an improved

- computer based capability. This approach is ultimately limited by both the

- rature of the automated function (e.g., by the degree of automation possible)

and the interaction between functions in an overall design and manufacturing

SN process (e.g., by the critical path through functions). To achieve a next

significant level of productivity improvement, it is necessary to change the

design and manufacturing process by integrating computer aided functions to

better take advantage of common CAD/CAM infarmation and computational
. capabilities.

X Unfortunately, the full advantage of integration is only achievable
- when adequate mechanisms are established to safeguard product information
and to control the distribution of this infarmation between originating and
using functions. Traditional storage and control procedures are based on the

:;3 use of user readable standardized information (e.g., drawings, printed
< specifications, microfilm) in both engineering and manufacturing. Storage
N - procedures often involve manual filing, search and retrieval of the user

readable information. Control procedures often involve manual approval,

release, update and change notification of the information. In many cases, the
contral scheme imposes an inflexible boundary between engineering and
manufacturing organizations that either precludes overlap of naturally parallel’
functions or that encourages bypassing control mechanisms in time critical
situations (e.g., redlining of drawings to meet a production deadline).
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~ With the advent of large numbers and varieties of computer based
engineering and manufacturing systems, an increasingly significant portion of
the product infaormation data base is being created in a computer system
dependent digital format on a variety of

storage media (e.g., tape, disk). Although this information requires -1
significantly less physical storage area and can be searched or transmitted at
electronic speeds, it is much more susceptible to inadvertent destruction or
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update. Even more serious is the context sensitivity of the data format which
Q.:. precludes sharing common data between two different systems and which can
e render the data meaningless each time the host computer hardware or

application software changes (e.g., the well-known case of nine-track
magnetic tapes replacing seven-track tapes).

)
s A

An obvious approach to this digital information dilemma is to
maintain parallel user readable data items (e.g., plot a drawing from an
interactive graphics system data file). Then all the traditional control
mechanisms apply. Although this is widely practiced, it creates the added 4
problem of maintaining compatibility between the two different information
farms; it precludes reducing labor intensive, error-prone manual control
mechanisms; and it fails to address the strain placed on manual management
and control systems by the increased rate of new information generated from
the automated processes (e.q., a draftsman at an [AG consale can interactively
produce drawings significantly faster than a draftsman at a board). Also,
certain computer digital representations, such as a 3D (three-dimensional)
geometric model or a view of such a model, are incapable of complete
representation in a 20 man readable form.

In summary, the full opportunity of the CAD/CAM revolution in
engineering and manufacturing cannot be attained without development of -]
systems which effectively manage digital CAD/CAM information and control
the distribution of this information to the many machine and functional
environments involved.

The following issues are representative of current CAD/CAM data
management and control mechanisms for Interactive Graphics (IAG) system

data,

o Data from IAG systems and other application computer
systems are often maintained on both magnetic tape and on
plotted hard-copy images (e.g., drawings). Both the tapes
and hardcopy images are manually filed and retrieved with
adequate back-up and restoration to ensure safe storage (see
Figure 1). The administration of storage, retrieval, and
data maintenance is labor intensive, an information flow
bottleneck, and a possible source of retention problems
through human error. The administration problem s
complicated by the many different related data types, IAG
systems and other application computer systems. For
example, a part geometry may be represented by various 2
and 3 dimensional farms in one computer system and
associated with drawing images and various types of analysis
data in other computer systems. The retention problem is
compounded by organizations which must maintain usable
data for 50 or mare years (e.g., Turbine businesses).
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o IAG data is required by many different functions at various
points in the product development cycle (see Figure 2).
For example, a part geometry is used during engineering
analysis to investigate mass properties, during detailed
drafting to create various two-dimensional toleranced
images, during manufacturing planning to create a
numerically controlled machine's program and during quality
assurance to create an inspection machine's program.
Although the same data (e.g., a 3D model of a part) has
muitiple users, the manual control process often requires
that data be transmitted by 2D drawing representations at
well-defined release points and reentered at each
computer-based function. The manual control mechanisms
are labor intensive, restrict information flow to 2D user
readable approximations, and as the number of users
increases, becomes an increasing source of transmission
errors and delays. Even with elaborate manual control
mechanisms, situations where changes to an engineering
drawing are not synchronized with a manufacturing drawing
still too often occur with resultant scrap or rewark costs.

o The diversified product environment and decentralized
organization has resulted in a variety of CAD/CAM
hardware and software systems (see Figure 3). Some
operations have mare than one type of Interactive Graphics
system, a variety
of application computer systems
and various data communication links to both external
mainframe computers and various

networks o This
environment of different functional users within operations

sharing data is coupled with a geographic separation of some
engineering and manufacturing operations. The result is a
distributed set of data repositories (one or more per CAD ar
CAM system) with system-unique data formats, data
communication protocols, and data users.

Also, the predominance of an organization's
product and process data resides in non-digital form on
drawings, computer output microfilm, cards, and various
types of documents. This information is often related to
digital data and these relationships must be managed and
controlled. The variety of CAD/CAM data forms and
environments requires labor intensive coordination of
information flow, is conducive to bottlenecks at transfer
points, and has significant potential for conversion and
transfer errors.




MK S £ 10 £ it it O AL S

[

ENGINEER

DRAFTSMAN

SAME DATA, MULTIPLE USERS

PART "X*
GBOMETRY

N,/C PROGRAMMER

Figure 2

MFG.




W s —r >
e WS IETIIITT ’ BRSNS D LA SN L et RARALNA S M i

VRS OL Y EMATA S S A A e 4 e g “*"'ﬂ. N

DATA SHARING

APPLICATION COMPUTER SYSTEMS

LUCAL NON ELECTRONIC
TLINKE Y APPLICATION PRODUCT./PROCESS

*YSTEMS DATA
MAIN LOCAL
NETWORKS FRAMES COMBUTERS 4
(-_\-
q ; DRAWING
CALMA \l‘--ﬁ_---_-f-—--_-_-_ _-_.‘/
] [] | — |
. ' .
™ ]
[ ] I ——
' = HH X
- —-b: -~ = =P (COM) \i
: e DATA MOVEMENT ¢ 22281
: e DATA CONTROL : /______
[ ]
-— — (MEDIA, MULTI PLE COPIES, :4__.___.. CARDS
' - RELATIONSHIPS) .
1
' : - .
! ]
/l__ e e e u DOCLMENTS

OOOOC |

DATA USER FUNCTIONS

AN L R N AL AT TN
UYL SLBHLRE SCRLRAS S ¥ LK




0w A P 2k T TR ATy s TRt Jat Sk St Jae e S St - S gl it g et o A AR I L At AL S i R

o CAD/CAM data management and control needs are
increasingly urgent as the
quantity of digital data increases (see Fiqure 4). Efforts
such as more restrictive configuration management
procedures or the use of computer programs to track digital
and non-digital files are underway in operations to address
emerging problems. This can result in parallel labor
intensive development activities in different operations,
unsupported "solutions”, and continued risk to product data
integrity if a solution is delayed ar unsatisfactory.

In. summary, current CAD/CAM da.a management and control
mechanisms are tied to people oriented paperwork systems that predate the
introduction of computer aided design and manufacturing systems. Although
these paperwork systems have a long history of success they constrain the
opportunities for computer systems to reduce cycle time and product/process
development costs, and they tie up critical personnel resources.

DMCS augments these traditional paper o
oriented data management and contral mechanisms with computer based
mechanisms which offer improved response times, impraved data security
and integrity, wider user access to data, new capabilities to locate and apply
data, and the ability to handle special computer data forms such as 3D maodels
and software for computers embedded within many products.
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The introduction of computer-aided design and
manufacturing (CAD/CAM) technigues in the 60's and 70's
introduced a new variable that the established manual
systems had to cope with: digital information such as
part geometries and NC tool paths. This information
was not standardized in format, was invisible to most
users, and provided a flexibility that allowed more
frequent changes in shorter periods of time. As a
result, partially computerized systems began te appear
in many companies. These systems tend to be based on
the proven manual control methods: the digital
information forms are first housed on tapes and disks,
and then the tapes and disks are treated as the
physical information form which is physically stored,
identified, copied, tracked, and distributed. In many
cases, an associated paper document is created to
describe the content of the tape or disk and this
document is used to provide accountability by signature
and to serve as_the element handled by the manual
change control system. This computerized information,
however, is still linked manually (and often J
incompletely) to associated product definition

information. In general, the partially computerized
approaches achieve the proven effectiveness of the
manual approaches by significantly restricting the
ability to access, update and communicate the much more
flexible digital information form.

The current trend in industry is for both the number of
CAD and CAM applications, and the associated volume of
digital information to grow. By the mid-1930's manual
systens and partially computerized systems in highly
automated operations will begin to severely restrict
product development cycle times and cngineering
productivities. The Data Management and Control System
addresses the digital data related issues of storage,

cnntrol, release, on-line access, archiving, human
visibility, long term integrity and security, and
traceability.




“‘..

en

A A

AN NN

‘l ‘l .I

TIN5

L R §
I.'.l

NN

K L«-Q' a{ n"

s a'e

a..
-~
o~
-~
'..
o,
-

............

So, the full opportunity of the CAD/CAM revolution in
engineering and manufactiring cannot be attained without
development of the distribution of this information to

the many machine and functional environments involved.

The Data Management and Control System was developed to
manage and control the flow of engineering and manufacturing
digital data, focusing on digital product and process
definigion data being developed in interactive graphics
systems and CAD and CAM applications computer systems.
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::“ DUCS is a system for controlling computer storcd

W - information. Information is controlled in the form of
digital data files called Controlled Entities (CE'Ss)

"o whose internal structure is unknown to DIICS,

o Engineering drawings, geometric models, and

o specifications are examples of CE's. Control of CE's

e includes storing of originals in a relatively safe

DN environment, making copies available to authorized

i‘ users, keeping accounting information on approvals

X which may be required, maintaining infocmation

}T associated with CE's such as other CE's it may relate
e to, and keeping records and producing reports and
messages for system administration.

Certain terminology and administrative functions within
DtICS may be established or “customizecd® at systen
installation, or periodically thereafter by a sub-set
of DMCS users for whom this privilege is reserved.

the capability to invoke
DMCS includes,data communications to application
computers which produce and use CE's. DHTS includes
user terminal interfaces for user requests, messages,
and administrative reports. The rate at which CE's and
operator interactions are processed by DMCS is a
function of the data communications rate between
application computers, user terminals, and other DtCS
equipment. Users may size data communications
capacities to fit their budget and other needs.

The top level block diagram "DiiCS architecture” shows
the interrelationship of DHCS program modules. The
following paragraphs present a functional descriction
of those modules.
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Application Computer Communications - Plug compatible
compunications hardware and software protocols for one
or more attached application systems (e.g., turnkey
IAG, NC controller, word processor, analysis machine).

The interface provides all required protocol
translation to allow data to be received from and
transmitted to one or more attached application
systems. Buffering is provided to allow concurrent
input and output operations. Data is error checked to
ensure transmission integrity. Usecr supplied routines
can be activated to process files upon data receipt
(prior to data storage) and after data retrieval (prior
to data transmission back to the application systen).
The application computer communications intecrface will
handle concurrent’ 9600 baud transmissions along with
other DMCS activities.

Physical Files Management - A set of system software for

storing and retrieving files. Provides for on-command
back~-up, and for on-command archiving on attached disk
and tape media. Sufficient information is maintained

to ensure file integrity.

Data Base Management - Each CE stored by the physical
file management system is identified by a user created

label. This label contains information such as the CE
identification, CE originator, time of CE creation, and
type of data stored within the CE. The data base
management routines support label creation and access,
label association to a stored CE or to a record that
identifies an external storage location, and
relationships to other labels. The data base
management system also maintains information such as
access rights, notification directories, and user
messages. The data base management routines support
data dictionary functions, data base search functions,
appropriate structuring functions, and utilities for
data base creatjion and maintenance. Appropriate error
checking is provided to ensure label and relationship

integrity.
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User Transaction Interface - Users comnunicate with

DMCS via one or more attached terminals capable of
communicating at up to 1200 baud. One or more users
may access the system concurrently and user trans-
actions are provided to prompt the user through all
comnand seguences and to provide appropriate user
reports. System activities are preceded by a user
transaction that conditions the system to perform the
activity. User transactions activate the application
conmputer communications routines to receive or transmit
data; the access status and management control routines
to perform appropriate control system logic; the

message system to transmit and gecnerate user messages
and to prompt user responses; the customization
routines to enter or modify paramecters that guide
system operations; and the data base management
routines to create or search for labels.

Access/Status/Management Control Routines - These

routines are activated each time a label or CE related
activity occyrs to verify access rights to the
associated CE via comparison between label and
pre-stored table information; to support label searches
for a particular identified data item or class of data;
to provide status on data availability wvia checks of
action item tables and stored label parameters; to
provide where used reports based on label to label
relationships; and to provide history reports on user
access and updates.

Message Systen - The message system provides for
message generation, transmission, availability
notification, and reminder notification in response to
either user or system activities. In particular,
messages are generated when data is changed to notify
appropriate users of the change and to request review
of potentially impacted data to clear the data lock-up.
Messages are also generated to indicate data
availabjility after sign-off; to request sign-off of new
or revised CE's; and to periodically provide reminders

on outstanding acticns,
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Customization Routines - These routines are used to . |
define label field constraints; access rights by
individual user, collection of users, or organization;
project/product relationships; CE types; CE states; CE
sign-off requirements; authority for access to DUCS
transactions; and reason codes for CE access and CE
revision. Customization routines in effect create
tables of parameters that are utilized to quide control
- activities by either conditioning the logic of
transactions or by providing comparison data for use
with label fields.
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& The storage system is configured to house labels,
paramneter tables and messages according to the

LT structure required by the application routines. The
system also provides storage for CE's and back-ups on
both disk and tape media.
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PRINCIPLES OF DtMCS

DMCS is an interactive cowmputer program which has
th2 capability of being custom designed fqr each
installation. The purpose of DIiCS is to control
data packets of electronic and nonelectrcnic data.
DHCS does not create or modify data packets, but it
does keep track of creation and modification of
data packets.

The interface to DIICS is via terminals connected to
the computer on which DMCS resides. Typically a
user will log on to the DMCS host computer and then
log on to DNMCS by supplying his DMCS user id and
password. After the logon procedure, the user
interacts with DMCS by selecting picks from menus.
Each pick results in another nenu or a prompt for
data. Keypad function keys provide additional
controls.

All functionadity of DMCS addresses control of
data. “DMCS will be used to control data in
digital form because the data are required in
digital form by more than one application computer
user and because the data are required in digital
form a number of times during the product design--
production-support life cycle ...." ... *DUlCS
shall provide aids for controlling files of digital
data. Data defining product structure, or defining
processes to produce products are planned for
control.*

Six general functions of D(#CS are:

1. to identify data control entities with
standardized labels

2. to control access to data

3. to monitor and control release and
distribution of data

4. to notify users automatically upon the
occurrence of predefined events

S. to maintain a historical log of the above

6. to grant or deny authorization of users to
perform DIHCS transactions
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i 1. To identify data control entities with
standacdized labels. A data control entity is a

N digital file or other information packet which is
" of lasting significance to a product's development
and over which control is desired. Control of data
implies data security (access control), data
integrity (no editing of control entities after
issueing), and data reliability (assurance of
having the most recent version of an entity).

A label is associated with each control entity

0 (CE). All labels for an installation have the same
standardized fields. The individual values in each
field of a label describe the CE associated with
the label. DMCS stores the labels for all CE's and
allows the user to search oc query for CE's which,
according to the information in their 1label,

 © satisfy the conditions the user has specified.
Project ID, creation date, and creator are examples
of label fields.

2. To control access to data. The concept of
control, work, and aplication spaces is straight
forward. Files in the three different spaces have
different accessibilities. Control Space contains
CE's only. CE's may not be edited. CE's may be
copied for revision, but the original is never

o

deleted. Only files which are of lasting
significance and/or over which control is desied
reside in Control Space. ‘

tlork Space contains files which have not become
CE's and files which are copies of CE's. Uork
Space is a staging area for sign off (approval) of
files. Not all tlork Space files will become CE's.

Application Space contains all files which are not
in tfork Space or Control Space. Files are
generally prepared and edited in Application Spacce.
DMCS is not aware of files in Application Space.
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3. To monitor and control the release and
distribution of data. DtiCS controls, according to
rules defined by the users, if a data entity can be
moved into Control Space, or if a CE may be copied
from Control Space. UWhen a CE is copied from
Control Space, the user rmust indicate why he is
copying the CE. Di!CS keeps track of which users
copied which CE's and for what reason they copied
the CE. This information is then available when it

is desired. ﬁ
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When an information packet becomes a DMCS Control
Entity, it is "issued®”, and it is moved to Control
Space. But the issuing of a CE must be "approved"®
by a predefined list of users. DMCS keeps track of
each approver's "vote® for the issue process. If

the issue is not appropriately approved, the data

entity does not become a CE.

4. To notify users automatically upon the
occurrence of predefined events. DICS can be
customized to automatically send electronic

notification to users. Notifications are then J
generated upon the occurrence of certain predefined
events, e.g., issue of a CE into Control Space or
rejection of CE issue. The users to whom the
notifications are sent are specified by the
customizer. -DNCS may be customized at any time to
delete or add new notifications. i

S. To maintain a historical log of DMCS control
transactions. DMCS records control transactions
such as CE issue and access historv. The
information recorded includes the CE label, the id
of the user performing the transaction, and the . 4
type of transaction, e.g., approval or rejection of
an issue or copying of a CC. This information is
then available for later use.

6. To grant or deny authorization of users to
perform DMCS transactions. Authorizations can be .
defined for individual users or groups of users. {
If a user is authorized for a particular type of
transaction, e.g. making a copy of a CE, the menu
pick representing that transaction appears on the
user's menuy, otherwise it does not appear, and the
user is not permitted to make a copy of a CE.

Authorizations may be granted not only according to
user id and transaction type, but also according to
CE label. For example, a user may be granted the
authority to make a copy of a CE, but only if the
label of that CE has a certain value in the Project 1
ID field, or for example, only if the lable of the
CE has a certain value in the CE Type field. The
user granting authorizations to other users
specifies the ®"certain values®.
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As a result of effective control of data during a
product development cycle, an organization should
gain the following benefits:

1. flexible development systems or
consistent levels of reliable comnunication
between departments

2. single system which knows of the existence
of all data ’

3. management tool for providing current status
of a product's development or for providing
a history of a previous product's
development

1. Plexible development systems or Consistent
levels of reliable communication between
departments. Flexible development systems involve
utilizing resources in an efficient manner.
Resources in this context are organizational
departments within a company, e.g., engineering
analysis departments, prototype testing
departments, or quality control departments. Using
these product development resources in an efficient
manner implies management and awareness of the
state of the resources as well as management and
awareness of the state ol the data they produce.
All to often a product development resource is
wasted because of a lack of awareness of the states
of other resources and their data. For example,
when data from one resource is issued, it is
assuned to be stable data, i.e., the data appear,
as a result of all pertinent analyses, to be
acceptable for all subsequent phases of product

development. Inevitably, some packet of apparently
stable data will becoume unaccecptable. At this
point, a modification of th> previously stable data
is mandatory. $hen the r2;uiremnnt to rodify the
data becones obvious, it 1is vitally important that
it be nmade known to all aficcted resources cthat the
data, which was assumed to ve stable and acceptable
is no longer so. This notification to the affected
resources is important because they have probably
begun to use the previously assumed stable data in
subsequent phases of the product development cycle.
Since the previously assurncd stable data is no
longer acceptable, it cannot be used and resoucces
using that data should immediately cease to do so.
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Much of the inefficiency which results when
resources use “"apparently stable® data is a result
of a lack of awareness of the states of other
resources and their data. The degrce to which this
efficiency can be clininated is directly trelated to
the "agility"™ with which resources can become aware
of the states of other resources and their data.

DMCS provides an "agile® notifications capability
which eliminates lack of awareness. To this
extent, the inefficiencies of using bad data are

eliminated,

Motifications of the completion and availability of
®good®™ data are equally as important as
notifications of "bad®™ data. When one department
completes generation of a data packet and approves
its acceptability, the department(s) who will use
that data next should be notified as soon as
possible. DMCS provides automatic and immediate
notifications of approval of "good" data packets,
thus elimninating any time delays which occur as a
result of handling the notification process
manually.  Also DMCS ensures that the “"next*”
department gets tne label of the correct data
packet, and hegce the correct data rather than some
earlier or edited copy.

2. Singfe system which knows of the existence of
all data. Each data packet which becomes a CE has
a descriptive, standardized label. DMCS allows a
user to search for a label which satifies the
conditions he has specified. In this manner, a
user may locate and retrieve.a CE which may be
helpful to him in building new CE's.

The proliferation of data during a product
development cycle, particulacrly clectronic data,
has resulted in massive, unorganized, and,
undocuncnted accunulations of data packets. A
situation often arises when the retrieval of an
"older® data packet is desireable because parts of
it may be used to build new data packets, c.g., new
finite element models may be partially built from a
part of a previous finite element model. If that
previous model was used some time ago, it is often
unlikely that a user will be able to find it, let
alone be assured that tne one he finds is the one
he really wants (usually the latest version).

DMCS not only allows a user to locate and retrieve
an "older®™ CE, but because it is a CE, the user
will not mistakenly retrieve something other than
the latest version.
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3. Management teol for providing current status of
a pcoduct's development or for providing a history
of a previous product's development. A collection
of CE labels with the same Project ID and the same
Assembly ID represent the current status of a
product's development. Other fields in the labels
of these CE's indicate the completion and
acceptability of the data packets with which the
label is associated. A manager may request a
collection of such labels periodically to determine
his progress.

It is also desireable to retrieve "older" CE's to
study the development of a particular product. A
collection of CE's relevant to the development of a
product represents a database of that product's
development. With this database managers study
previous product developments in an attempt to
improve and streamline a development cycle. It is
frequently not clear whether to have two
development activities on the same product occur
simultaneously or subsequent to one another. thich
is the better choice depends on whether one
activity may invalidate the data for the other

activity. The degree to which this invalidation
occurs can be chosen based on suspucions or gut,
feelings, but the best way to choose between
simultaneous or subsequent activities is to review
the development of similar products and accunulate
statistics regarding how often one activity led to
the invalidation of a data packet for the other
activity.
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SCRIPT FOR SLIDE PRESENTATION ON
COMPUTER-AIDED INFORMATION MANAGEMENT Slide
Number ]
The overall problem that we are talking about has as its context s
inforcation management and with & specific focus on factory 3

automation. Factory automation can be defined in terms of fcur nmajor
functional areas; product planning, design engineering, manufacturing 4
engineering and manufacturing. Traditionally we have broken design
engineering down into two subphases; concept engineering and detail _i
engineering.

Now in addition

to thinking of factory automation just as four functions, we neec to i
think of it as process. This slide represents the basic information )
flow in factory automation and we have added the one main izngredient 5

that is missing, that is history. In principal, at least, if ve make
2 nistake or do something very good we learn about the process and we
learn how to do the process better the next time.

DIiICS 1in one sense of explaining the product, is a traffic cop that
controls the flow of information along all of those arrows between all

of those different areas of the factory automation process. If we

look at one of the interfaces, any particular one, this happens to be

the interface between engineering and manufacturing, we see that it is

a pretty rough interface. In this slide we see 2 fcur foot aigh brick
wall covered with glass at the top and the design enzineering staff 6
simply throwing the design over the wall to the poor manufacturin,
engineering people. In mnost organizations the design folks don':

even bother to say, "Here it comes." But this happens to te an
exauple of a particularly well run interface. Ve really need to do
something to make that interface a little bit smoother and nore ucser
friendly. liow if we talk about the requirenents of doing that, trzc

is, whnat are the requirements to make the interface between any one cf
those boxes a more effective interface. Ve realize that we need o
nave effective data interchange, effective control, and usezble dat
so we have to take information across an interface with these threec
fundagental attributes. We are going to lcok at each one of these i
a little bit of detail right now.

v

Looking first at data interchange. Historically data interchange in
the real world has been accomplished by people writing menos, notes,
talking on the telephone and having conferences. As we begin to 8 .
automate certain systems we tended to implement computer systens thac '*
eniulated the manuazl processes. The result of that is a varietal
spaghetti bowl of interconnected computer applications. Everything 9
talks to everything else almost, the level of difficulty associatcd
with adding a new application is extremely high because we nust figure
out the impact of that application on all other applications. VWnat we
. really need in the future is a data interchange methocdology theat
avoids this tangle of interconnections and rather uses a2 conmnon data 10 1
interface whereby modules that communicate with others do so in a
standard and well defined way.

If we look next at the attributes of control, again looking at it fron
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a historical point of view, in the paper environment people have
provided the data administration and control. We have on the left an
aprlication wuser of some kind, it could be an engineer and cr a
quality control person bringing a paper drawing to a data
administrator. The data administrator is responsible for filing those
drawings away in some sort of tracing vault or storage location and
for providing hierarchiczl copies on magnetic tapes or nicrofishe cr
sone similar rcedium. HNow in the event that the application user valis
up to the data administrator and says, "Hey, I would like to have the
copy of drawing xyz123 and that user doesn't nave the autnorization to
pull that drawing out, the original out, the data administratcr pulls
cut ner trusty 45 and shoots him dead. If on the other hand the user
has pulled out a blue line of the drawing and has marked it up axnd
puts that on the data administrator's desk and says "Key, I woule like
to wupdate the tracing vault."™ The data administrator simply laughs
beczuse everybody knows you rmake changes to the tracing and not to a
copy. Now in the computer environment neither of these two situations
exists. Ue have removed the data administrator from the equztion and
replaced the drawing vault with a disk file. The drawings that we zare
dealing with now are invisible and it is also impossible to tell =z
copy from the original. So we have a situation in which the things ue
are trying to control are indistinguishable from each other, at leacst
on the face of it, and with no person responsible for controlling it.
The havoc that can be caused in a design environment using this
approach can oanly be iragined but I would submit to you that it is
about the same as if you simply fired your current data administratcrs
and told all of your engineers that they could go into the trzcing
vault ‘anytime they wanted, pull any drawing they wanted, and do
anything they wanted to it. How long would your company last? 'hat
we need in the future to avoid this problem today is sone sort of date
management and control system that provides the same functions that
the drawing coatrol administrator provides but in the electircnic
environment. Furthermore, that data management and control syr=te:n
needs to talk to that common interface that we talked about a [eu
minutes ago in order to make sure that the D!NCS does not functica Ia

isolation. That 1is, it needs to talk to systems like bill of
raterials and master tracivg control and other similar systens.

The third major criterion that we want to look at in terms of
interface is that of usability. Historically, we have a real problen
in the usability of electronic data anéd that is that we tend to stcre
an awful lot more information than we ever retrieve. This happens fcr
two reasons; 1) The information storage technology is so good that wue
tend to store everything, we just as a default position file it avay
s0 we have hierarchies that just go on and on forever. The second
reason we have pore going in than coming cut is much more serious anad

that is we don't have good access paths for retrieving data. ¥Ye clten
tines know the data is in there, but we can't figure ocut how to 3et to
set back ocut. 2) The second set of problems associated with

usability concerns media and volures. Everyone is aware that if you
put data on a magnetic tape that after a certain time period anywhere
from 2 to 5 years, it is not there anymore. It simply faded away.
Similarly we have a fairly major problem in the area of data volumes.
The acre of disk syndrome makes life difficult for us. Finally, we
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have a format problen. The same data on different machines is stored
in different forrats. It becomes difficult to transfer infcruatioan
from one place to another. Ve don't have the electronic anzlogue of
the 8 1/2 by 11 piece of paper. So what we need in terrcs of retting
usable data are common formats or at least compnon interchianie
technologies between formats, new storage technolozies to get us
around the acre of disks problems, a better organization of data co
thzt we know what we have and where it is and flexible access taz«ks so
that we can retrieve it easily.

llow, in saying all of these things of what we need in tercs of access
control and the usability of data we Lave to recognizce that we nave
sonme challenges. The first that we have to look at is that some data
can not be well represented on paper. For example, this 3 dimensionel
view of a robot manipulator arm, exploded view, simply can not bpe
represented on paper in terms of all of this information. e can tele
a picture of this but we do not capture in this picture the full tiree
dimensional or textural information. Similarly, kinewatic rotion
énalysis can not be represented on paper. We can make a2 stcp rotion
but that doesn't describe the real motion. tllany other types, fcr
example, stress outputs, simply don't show up well on paper wheun ue
need to think in terms of three dimensional color and rotations.

The second major challenge that we have to deal with is nassive data
storage. I alluded to that briefly a few mninutes ago, but it is =z
rtuch bigger problem than most people realize. If we look at z typicel
crzanization, this slide comes out of a survey of a very larze U3
company that did a survey of what they thought their on-~line
interactive graphic needs were going to be through the year 19¢C.
This division felt that the number of IAG terrcinals would reach 2000
in 19G0. Winat is even more impressive is the number of bytes of
oil-line storage, 10 to the 14th bytes. How when they added the other
types of electronically stored information to this nunber, that is
things like video images and text files and other things lixke trzt aad
then allowed for a 10 to 1 data compression, they came up with 10 ¢
the 15th bytes of data on-line. How, if you zre like e, you can:c
couprehend that number. What I like to do is reduce that aunber =
comprehensible things. I really understand 500 megabyte disiz pe
that is about 4 or 5 pounds of data. That 10 to the 15th bytes
2,000,500 megabyte disks. Now, to really bring that hone, the mz
room that will house 2,000,500 nmegabyte disks is one mile on a s
That is assuming that there are no access paths between the disks
that the operator uses a catwalk to get out to the disks.
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backup and recovery. Can you inagen the operator of a one cquare o
cachine room trying to do a full back up or a full recovery of tn
disk systen. It is virtuzlly impossible. Hovever, there are sc
helps couing in this area, for eranmple, deta base rachines and major
disk storage systems. We also need to recognize some challenges in
the area of retention requirements and version control. Dzta
processing folks traditionally only understand one version, one
current version of the file and they only understand keeping a file
around until someone deletes it. We need to have the enulation of the

«

The third major challenge that flows right out of the secoand cac iz
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current retention and version control systems on a data processing

side where in certain drawings automatically will get hierarcaived 27
after a certain timne period where we can have several versions of a

file =active =and current at one time where the number of years orf
storage can approach 50 or even 100 years in similar requirenents :thzt

are not addressed in traditional data processing systems. lie really

need to address that. ’

One of the methods that people use today to handle retension

requirenents and version control is the change control board. People 28

simply get together in a room and figure out what they are goinz to do

as Dbest they can. Ve should have an electronic systen that eculates

this change review board or at the very least speeds up this procecc.

The whole focus of these challenges really can be summec up as a

difference between information and knowledge. /e have in the data 29
processing world an enormous amount of information, facts stored away

on disks. It is not organized, however, or accessible in such a wzy i
to be useable and thus does not contribute very much knowledze. ‘e 30 i
really need to maximize knowledge and not just pure inforration.

Well  hopefully we have given you some things to think about in ter:us

of this overall context of the problem. The next series of slidcs

will be talking about some of the specific details of the problen with

2 fccus on the relationships between data and the relationships cf
retention requirements and version control. Are there any questions:s 31
at this time?

e are now going to look at the specific problem with CAD/CAl data
sanagenent and control. Remember that although we are talking about 32
CAD/CAY data management because the first version of DNCS is tar-etec

at the CAD/CAI world, the set of problems that we are going to look at

and the solutions later really apply across everyone of those
interfaces that we talked about earlier. ©Zack in the histcricazl rast 33
wien people got tecgether to talk about their designs and their werl

their didn't really need to te much in the way of formal control but

as we pove in to complex environments wherein there are wmaany diflerent
organizations and different levels of data we really need to have
scpnisticated control.

How the next series of slides talks about the relationships betueen

data. The first relationship that we need to talk about is thnat of

the level of the data and the communications requirements that th=zt 34
implies. From a conceptual point of view we see three tvpes of data

anc they are shown here as corporate, project and zapplications data.

A corporate data base would contain, for exacple, standard fparts or
external vendor lists, standard specifications, things that 1) don't
change very often and that 2) require 2 very high degree of security
for control because if they were changed inadvertently they would xzave
a very large impact everywhere in the corporation. Corporate data
bases tend to be characterized by fairly large retrievals at one tiue
period but at fairly low speeds and they tend to conmnunicate with
other corporate data bases across some corporate network that may be
world wide in scope. Now when we deal with a particular groject
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especially in the design world we tend at the beginning of the project
tc collect all of the relevant information from corporate data bzcses.
We would collect the designs of all similar items that had been

accouplicned in the recent or perhaps distant past. e would colicc:
all of the specifications, all of the standard parts, vendor lisct,
etc. and forcally or informally create a project datz vase. now in

the paper world this is=s sinply a set of tracings or copies of all of
the important inforration _.: the electronic world that ought to te
exact analogued, that is, copies of all of the data bases that apply
to a particular project. VYe want to be free to rmodify these dzta
bases within the scope of a particular project without izpacting the
corporate data base.

tow, the project data base also may interact with other project data
bases wusually on a local scope, this would happen for exanmple if tne
particular project occuring was very large, say the design and
building of a Iriden nuclear subrmarine, anc we had a large nupber of’
subprojects, say the electronics and the structural and guidance etc.
that needed to comnunicate with each other. They would typically
comfiunicate on a project network level. Similarly to the relatiocasnip
between corporate and project is the relationship betweer project anc
applications data bases. lYhen a particular application, for exangle,
the design of a finite element model is undertaken a copy of a certain
amount of inforration is pulled out of the project data base a:snc
stored away in an applications program or in a loczl datz bzse ana
then that application program works on the application data bace.
Typically, applications data bases require very low security since the
security is physicazl, it is an operator working on a terminal. And 1t
requires very high speed access to and fron the data base and very
high speed displays. How we recognize that these distinctions zre nct
absolute and that certain data may have existence at all three levels
of this hierarchy at one time but from a conceptual point of view, in
trying to provide storage control and access control we reed to
recognize these different classes of data.

The next relationship that we want to look at consists of the
hierarchy of data within a particular product. licw we nzve nere a
relatively simple product called product A and if you look inside cf
tanis hierarchy you can see & standard bill of materials breakdown.
Product A to assemblies, to sub-~assemblies to parts. low the data
hierarchy that goes along with this is much more complex than the bill
of naterials breakdown. At every level of the bill of uatericzls
breakdown we 2lso have associated information. For e:xramuple, in
product A we have performance specifications, geometry and warket daz
that sowmehow needs to be associated with this product. liow, 1a the
paper world we associate by filing things under thke proper filin_
folder and we have enough time to go searching for it, in zihe
electronic world we need some method »f associating these things in
real time, so to speak.

How, the other attribute of the relationships of data hierarchies
consists of control of that product. If we take all of these squeres
or rectangles in this slide and we shrink then down into a littile
bubble and call it just product A and then look at the ownership of
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édata we find that we cust look at organizations. e have shown here a
sanple organization of the manufacturing plant that owns product & anc

you can see that in this example a particular unit owns manufacturing 37
release that is, the right tc release a product to manufacturing.

Some other unit owns the right to initiate a change reguest or o
autnorize a change another person, a manager in this case, own: the

right to release =specific drawings to canufacturing, and anotaer

ingividual, in this case an individual engineer, nazs the rizht to cdo
prototype designs. Every level of the organization can own a
different rizght about that procduct. low if we look a2t the overali

interaction between the previous slide and this slide we can see that
coatrol can come from any level of the organization to any level of
the wgqgata hierarchy. This is in other words, a zmini to uzini

relationship of a very hignh complexity. e rmust be able to aszcciate :
data based on the organization that the people working cn it zre

associated with the product data hierarchy and the project on wnickh 38
the data is operational. We must be able to do that between any tuc
boxes at whatever level in the project organization hierarchy. This,

needless to say, requires some sophisticated data prccecssing
tecnnologies and sonme very sophisticated and powerful control systeus.

Ve know come to one of ry favorite three slides in the presentation.

It is a favorite of mine because it violates every priancipal of ;ood
slide in terms of the amount of information containec¢ on it. But, 1if 39
you will Dbear with me I think I you will see why we put up suck
coumplex slide. If we look at the product developrent cycle for
nypothetical problem 1 and just look at the bottem thirad cr tne =
the sequence labeled Rev 1, we see that the inforration reqguirec
develop this product goes through a series of steps. e start out
step A, we do something there perhaps as a prototype design, anc T2z
information flows to cdifferent steps, steps B and G, and then ue d
something at steps B and G and we pass that information off f{rc:x
C and from G to E etec. until finally we end up with all the
information required to build the product ancé those are represented
the ©bubbles J and F. ilow, at eaca exit point from & buodle, we nav
the necessity for control. That is we nust have soxe sort ol contro
valve that prevents the person or organization working on & frecn
simply sending off the information without regard to the rest ¢l the
systen. In the drawing environment this is a review of sowme xiaca, it
is the supervisor who reviews the drawing before it gets releasec or
it is a change review board that approves or whatever. Sc we have o
think in terms of a review point or a check point at each exit {ron
one of these bubbles. Yow, it is very common for the proceszing
sequence tc stay the same as tine goes on. In fact, as A
new technology or simply re-organize we will finc we do thin_
differ=ntly. e nave shown this in Rev 2 of this product decizr
a different set of bubbles and arrows connecting tnem to regr
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different infcrration processing cycle and then similarly un % 3
to Rev 3 we have a2 third way of developing the product. It is5 the
same product, it 1is a new revisicn. The way we el there is
different. llow this slide 1s important because we rust always
realize, we must remember in the data processing world what the
inforrzation process was historically. Ve cust maintain an audit trail
in the design cycle that allows us to reconstruct what the design
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process was for a particular revision. Again in the traditional data
processing world we only know what the process was like irn Rev 3. e
don't have any method of reconstructing Rev 1 and Rev 2 rethodolojies.
For 1legal requirecents and for design verification requirenents,
however, we mnmust be able to reconstruct the methodolojies.
Furtherwmore, we nust be able to accomodate a shnift in cethodology
right in the mwmiddle of.a revision cycle, so it is 2 non-triviel
problem that causes or requires an interaction between legzl
requirements, design requirements, and general revision control
requirenents.

Now, if we lcok at a second product, just for a second, this is
necessary 1in order tc set up the third slide which is rezlly
favorite slide, this is the same concept applied to hypothetical
product 2. We have three revisions and a different inforrnation

processing wmethodology for each revision. Ulow I said a csecond ago
tnat coming out of each bubble is a requirement for a control valve,
that there is some method of stopping the release of information fronm
each bubble until it is proper to release it and I impliecd that the
information required for doing so is contained in this cycle.
Sonetimes it is, but more often there is an interconnection betueen
the product developrment cycles of two products. We find that we
cannot release information from one step until we have infcrrmation
released from a nucber of associated steps of different products. The
class exanple is the manufacturing release of an entire systerp.
not release the system to manufacturing until we have the assocci
release of all of the individuzl subcomponents.  This degres a
conmplexity of interaction really is a very small fraction of the t
conplexity of interaction that exists in the design and manufacturi
environuent. A data management and control systen nust be able to
handle this kind cf interconnection of control requirenents.

Come Dback now to a fairly simple concept but, an important one none
the less, in the ares of dzta relationships. This deals witn tacv tire
with which we Kkeep data around. That is, how long befcocre we
hierzrchive it or delete it? We should recognize that data is, in
terns of its retrieval witin inherently hierarchiczl, in that
frequently accessed data should be stored near the user and as we iz
that we use the data less and less often, we should put it iatec soune
sort of intermediate storage and finally automatically send it to
hierarchival storage. ile would like to see a system cdesigned in such
a way that hierarchival storage is very inexpensive conparec to
on-line frequently accessed data storage and yet the retrieval tine
from nierarchival 1is nmeasured in minutes as opposed to the current
days or weeks.

The next major relationship that we need to think about in terus of
understanding the overall contrecl problem is that pbetween Conputer
Aided Desizn (CAD) and Computer Aided iianufacturing (CAl) cata sets.
In the CAD arena we tend to have very large data sets. l.egabytes at 2z
time 1is not at all uncommon as we look at a very complex finite
elernent model or the results thereof. These data sets tend also tc be
fairly short 1lived so that there are a lot of them and they stay
around for a short period of time. Ye tend to have a very large
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nucber of types of information, finite element models and stress
analyses, nany different kinds of inforrwation that tend to te nizaly
variable in and of themselves, that is, we tend to change a finite
eleuent wnodel very rapidly and very quickly acs we don't iike the
results. The CAD world is also characterized by naving a larze nuroer
of what we call adhoc applications. That is, quick anc dirty as the
engineer would say. We simply run it once to find out now it woris
and then we throw it away. The CAD world needs to be very responsive
to the engineering user, this is a place where the performance of the
systen 1is a major concern. The response time nust be very rapid.
There 1is a high degree of data sharing between engineers as trey ars
designing new products frequently a design decision mace by cne
engineer will sinply invalidate something that is beinz done ¢y

anotner engineer. Finally, because this is a design enviroauent thrhe

degree of update of the data sets tends to be very rapid. \ie navs
frequent updates as we have design changes and iterative desiga
decisions. On the CAlM side, (Computer and lanufacturing) side, ue

tend to nave relatively small data sets, 10,000 bytes at a time, szy 2
nucerical control file to drill some holes, we tend to have 2
relatively small number of well defined and fixed data types. The
applications are highly, that is, we know precisely what we are -oing
tc co, when we are going to do it and how we are going to do it frcpr =z
long time in the future. In point of fact, the farther in advance =
better. The responses of the system are often time criticel, tizt Isg,
we are dealing with numericzl control machines, we had better rescoac
almost instantaneously to an overheated condition or sowme =imilar
resgonse. e are dealing with real time response-as opposec to fzst
reponse to a user. Fast response to a user rcight be 2/10 of z sescoad,
hat mnight be an eternity to an automatic drilling machina. The
access to the data tends to be very rigid and controlled. iie allow
very swmall number of people to actually see tne data ancd in ternms o
changing ~it or updating it there are many procedures that muzt De
followed rigidly. IMainly because the consequences c¢f an uncontrclled
access of update can be the ruining of an entire rurn of tuce
manufacturing process. The data interchange between CAD and CAill, ucst
of the information really flows from CAD to CAli in terms of the datz,
things 1like, nunerical control files, specifications, and tecting
plans, this sort of thing. Llost of the change information comzes dzcui
froz CAM to CAD, that is, the manufacturing folks say that you can’'t
build it that way and then the designers make a change to tris design
eand the information that was changed flows back across the fat datiz
arrow. In summary on this slide, we have on the CAD sicde a data va:zz
that 1is characterized by performance and time, that is, we will
cneerfully pay a slight increase in cost if we can get a racicail
iuprovenent in the performance of the system, how fest we can j2t a
display, .or the lead time to design a systen. Je will also cneerfully
usually pay a slight degradation in quality, fcr example, & lower
resolution on the video display, if we can get a nuch guicier
response. On the CAli side the driving factors tend tc¢ be gquelic:zy and
cost. That is, we will usually spend a little bit more time making
sonething 1if we <can do 1t at significantly higher quality cr
significantly lower cost.

So if we talk now in summary about access control, how should we allow
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access to data? The first thing we need to do is to make sure that

the wuser who has access has a job that requires access. We should
control access based on the job function. Ve necd also to recognice
the type of data is important in controllinz access. e don't want

necessarily ¢tc have a finite element model nmade available to th=
Quality control people, there i-s no need to have that data wsade
available. The status of the data likewise has an izportant bearing
on this. When a piece of information is in prototype cecsizn we don't
want "it released to ranufacturing. Similarly if we are talking abocut
sometbing that has been released to manufacturing we doa't jive free 47
access to the design engineering staff, they are simply not zllowecd to
vodify that data. And as I noted earlier, we need tc talze intc
account the status of related data in order to release or tc accesc
data in a packet or to insure that specifications etc. are available
to the zppropriate people.

Secohdly, we need to think in terms of degree of control anc recogyni

ze
that different types of data require different degrees of control. It
doesn't make any sense in the military to control every piece of 44

information as top secret and in the same way it doesn't nake sencse i
the manufacturing organization to treat every piece of infcrration acz
highly sensitive and requiring a high degree of control.

In summary, we need to treat electronic data at lezst as well zs

caper
base data and we need to do so in these areas of validation security,
nierarchiving, duplication, ete. ete., if we think back to theat oy 43
slide where we had the drawing control admninistrator, we necd to
provide z2ll of those functions in the electronic world. Tow ropefull:
everything I have said at this point and time has given you an
understanding of the problem that we are trying to face. Are there 49
any questions at this time? 50

tiell, the world's first computer, that is right. That is5 exactly

rizht. Historical overview, if we talk about ajain the problers in

the past and the nethods of control back when stopebence wzs cdong up 57
they obviously didn't have any CAD/CAl!: data nanagercent anc ccntrol
systens to deal with. They managed pretty well and from o
engineering point of view, the degree of precision of placin: ¢i those 58
stones 1s still slightly better that we could co the same with cur
normal engineering techniques. I suspect if we brought space zge
technology to it and laser placement and such, we could prodbebly cqua
the placement today, but we are still not able to do better, Tow, -
whole problem of data management and control really began uhen ve
started to replace these drafting systems with electroniczlly,
electronic 2analogues of them, such as this arbitrarily chcsen Cel:niz 59
graphics workstation. We will remermber thazt the groblern stexs {row

our inability in the CAD/CAl world to replace tne ranval data
adninistration system, which handles the rmanual environrcent, we sioply
don't know today what we are going to do in the CAiD/Cill environuent, 60
or at least we didn't know until DHCS came around. llow we are going

to take a short digression here just in case there are any doubting
Thomases 1left in the audience who really don't buy this precept that 61
all of these problems are real and that the overall challenge is there

in terns of managing electronic data.
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Tnis is a highly confidential slide that I have obtained, and you nay

not ask me how I obtained it, from the Albatrzz Aerospace Engineerin_
Corporation of Albuquerque, New Mexico. This snows the prelinminary
prototpye design of a generation of aircraft and as you can see tne

wing group was primarily responsible for this design and it is 2 62
rather radical design. liow, the problem was and this is why these
slides are confidential, wunbeknownst to the wing zroup, the :a

assembly group was also working on this design and they thought =2
they hnad the primary design role. Now, when the tail assembly _Zrcup 63
and the wing group got together over lunch one day tney began talkina,
about this thing and they both discovered that they had primary design
responsibility they really got upset. They decided they nhad better

kave a meeting to resolve their design differences. They got together

and they started resolving their design differences and they were just
about finished when the chief of the power plant group walked by andc

he said, "What are you guys doing?" They replied, "lWe are naving this
dssign group on a new XY37 fighter." The power plant guy szic, "lell

I don't understand because I thought I had the design responsibility 64
for that aircraft and this is the real design for that aircraft.”

tiell after a little bit of bickering back and forth they finally
decided 1if they were going to zet this aircraft off the sround they

had better resolve these design differences. So they brought the

power plant group into this design review and they started working,

and working, and working, well days go by and they are just abecut
finished, in walks the President saying, "How are you juyvs doing, what

is gzoing on?"™ They say, "Well, sir, we are just about finished here

is the new design of the XY37 fighter plane and we are really prouc cf
this." The President says, "Guys, I don't understand this I tolc the
stress group that they had the primary responcibility and they are the 65
ones who are designing the plane." Yell that tore it, all the chief
cesizners resigned, there wasn't sufficient control in thre
corporation, llow you understand why you have never aeard cf tihe
Abatraz Aerospace Engineering Corporation cf Albuguerque, lew .lexicc.

Vell, how is your company going to avoid the fate trat I have just 66
described? liell, the answer is D}!iICS from Generzl Clectric. Befcer

talk about the functionality of DIiCS, I think ii{ is grobebl;
appropriate to talk about the history of DIiICS. This procuct aecs
roots in a task force that General Electric put together abcut 5
ago consisting of these major operations of Generesl t£lectric.
this task force had 25 its goal, the definition of the groblen of
control of electronic information. The task force went cut anc 68
interviewed 2 very large number of divisions inside of General
Electric to talk about what are their requireaments tha:t they sec

coming in this area of CAD/CA!ll data management anc control? In 69
eddition to going internally to major divisions, they also went

outside to & nuwpber of very larse manufacturing and essociatecd
organizations. The result of all of this discussion, which By the wayr
took about a year and a half, was the CAD/CAli Data liana_jement anc 70
Control System Perspectus. This document was put on the street to 37
hardware and software and system house vendors, and these vendors were
asked to bid on the development of a system that would randle these
problens that were raised in this perspectus. Of the 37 vendors, 6

ics
years 67
o]
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responded, and entered into subsequent negotiations. SDRC was chosen
after a long series of negotiations to build DICS for General
Electric. As you know, SDRC is a 48% owned subsidiary of Generszl
Electric.

Jell, it 1s now time to talk about the Data lanagment and Control
System itself. ‘Je have talked a lot about why we need bne ang¢ wrat
are the problens that we are going to solve, how we got to wnere e
are, we are now going to discuss the system itself. .

This is, in a sense, a sucnary slide of all of the functions of D} CS.
It is a system that will manage a product and process data in its 1u.cs
seneric sense, cross a wide range of functions and systens. Ia
particular, DHCS provides for data sharing in the conte:xt of uovene.u,
conversion and coordination. DMCS will operate eventuzlly on a lar:ze
nucber of wmain frames, super wminis, and mini computers, currently it
cnly runs on a VAX, but we expect it to rumn on IBi! shortly. The LCIICS
system works across a number of different types of data, engineering,
drafting and manufacturing data. DNMCS is designed to interconnect to
a wide variety of electronic systems, Conmputer Vision, Applicon,
Calma, Gerber, Electronic Testing Systems or whatever, and it is alsc
designed to nancle a wide variety of non-electronic information such
2s drawing files, computer output nmnicrofishe, cards, docucents, and
whatever. DMCS is a generic data management and control systen tha
can apply 1in a heterogeneous environment. By heterogeneous
environment we uean that it handles multiple types of data, runnin_ cn
wultiple vendors of nachines, stored in nultiple data foruaats, usiag
multiple comnunicztion protocols. DHCS is the central intezratcr of
tiiis entire spaghetti bowl. From a functional point of view DiiCS
5 pmajor classes of functions that a user of the systenm sees ancd 1
supporting function that typically a system manager sees. The ¢
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functions are storage, management, access control, status ccntrcl anad
message comnunication. Customization is a feature or a function tnet
applies to all of the 5 user levels of functionality anc besically
allows DIiiCS to be configured in such a way that the systen operates as
you currently operate, that is, we can customize LC!lCS in such a uay
that we uake DHCS conform to your mode of operation rather trnan zaiing
you conforn to our pode of operation. HNow I hope to talk quite 2z bit
about customization and its attributes as I zo through these different

functions.

The first function that we need to look at is that of high volurne
storzage. iow, the central disk file indicates the on-line storags of
DI.CS itself. Vhen DICS is running on a host computer, for e:xanrle, =z
VAL, it owns & certain amount of storage capacity. It owns as umuch 2
you care to give it. DI.CS manages and controls information on the
nost computer, that is, if you try to access a file tnat is controllsd
by DLICS, you will find that the host operating systen won't let [ou

S

vecausge DICS is the owner, not you. In addition to teiny zuvlie tc
manage and control data on host, DIICS is able to umanage data
elsewhere. It c¢can mwmanage data on a CAD/CAll system, or on an

hierarchival tape library or in a computer output nicrofilm or apeture
card library either manual or automatic retrieval and in a paper
drawing control system. HNow you notice’I said manage not nanaze and
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control, and that is simply because the DICS host has no way of
paysically enforecing its decrees. A user sitting down at that drawu
coatrol system or the lower left hand paper systen, can regusst ¢
Di:CS authoriza:ion to perform a particular treznsaction, for e:anple,
naking a copy of & particular drawing for the chief engineer. L[I.CS
can coue back and say, no, ne is not authorized to have thszt daca, Sut
DI.CS nas'no way of making sure that that copy wasn't made znywaey. So
PI.CS manages inforration on peripheral systeus and wrmanzjZecs anc
controls information on the host.
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If we look at the second category of functions, that of managenent. 76
These &zre relatively common functions for any compu:ier sycten, Dut

none the less, important ones. Ye have two nmajor classes, sycten
functions and engineering functions. The top four functions,
recovery, restart, integrity and protection rezlly revolve arocurc

system managenent. e make that sure you don't lcse files, that tne
files are adequately protected, that the files are copied correctl
when they are copied, etc. If we look at the engineering manajene
functions we need to know where files are physically located. Tai
assunes a mnajor degree of importance when we are taliin_ zbout
nultiple CAL/CAl systems interconnected via a central DICS. In terns
of structure of the information, the structure of the inforrmeaticn
becomes important when we are attempting to hancle z heterojseneous
environment. It doesn't do any good to transfer a worc prccessi..
file down to our loczl Calma system. The information is sicply
worthless. So, we need to understand at least tne rucdinents c¢of the
structure of the information that we are dealing witn.

The query function allows the management to perfcrm adhoc queries anc
searches on the data base and file usage functions let nanagemen: inc
who has accessed what file, when they were accessed, anc the rezsc:
for the access.

1f we look at access control, all of the concepts that I talied zbdcu: 77
at the beginning of this presentation for access control are covcrsa

or izplemented in DHCS. le fundawmentally provide extrencly
conplicated, if you so desire, access control. Access can pde z11
or denieds based on a specific list of people associzted with
specific file. It can be allowed based on the project that a u
belongzs to, the organization that a user belongs to, the type of
that is the file type, the revision level anc the stetus and
corbination thereof. It is an extremely sophisticated and powe
access control subsystem. There isn't time in this presentation
into that in detail, but if you would like we to discuss it [urcn
the end of the presentation, I would be nore tnan happy to do so.
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The control of information as it goes fron one sthte to ancther fc
an  intricesl part of DLCS. it is icportant to rnote that thece ztat
tnat we have shown here, concept, sketch, prototype, procuction an
hierarchive are fully customizable, that is, you the user will tell
what these states are. You may have 2,000 different states iuto wni
you place data. Now, when I say you tell, you don't really tell us,
you <customize the system with our help at the beginning and vou can
change those states as time goes on.

ez 78

C-13

B ..}"}..AA‘ ,Ax_-._'_n; k‘-‘




3 S IO i I S et A A NE Al NI DAL AN S e Bl it St S A M AP A St 4 'T
pax

S

S

-~

o

‘{:f Now, status control consists of a series of functions that coniter tre

- change of state. For example, if we wish to move & particular drawing

T from prototype to production, that is a state cnange. DiCS, when

Ay someone requests a particular state change, will first verify that

‘ that individual 1is authorized to request the state change anc then
cutomatically notify all-the people or organizations who are requircd
to approve that state change. Once all those people who are required
to approve the state change have signified their approval
electronically, then the state chanze oceurs under DiiCS control. iiow,
the mwmethod by which DiCS allows state change approvals is fezirly

[

sopaisticated in and of itself. We allow what we call series parzllel
state¢ change zpprovals. That is, it is possible to have any runber of
;x;- people approve 1in sequence, one after another, and then to go intce
;: . parallel approvals wnere a number of people are apprcving the drawian,
;. or the part simultaneocusly and after all of those apprcvals are irace
3 i' then we go back into gserial or again into parallel approvals so that
o> it is possible for example to have the engineering supervisor approve
LY it, followed by the design department supervisor approve it, followed

by a parallel approving of quality control, purchasing, material and
stress and after all four of those have approved it, to go to the

J;{ chief engineer for final approval. Thnis tends to speed up the
ﬂ?f approval process rather enormously.
1%
?{i; If we talk about communications, message comuunicztions, this function 79
Sy forcs the backbone by which the approval process that I just talliec
~~~~~~ about actually occurs. Any time a individual needs tc approves a
QG, particular state change, a message is automatically sent tc thet
f\f person's teruinal. Once that nessage arrives at the terminal, tae
‘;\y user is notified and can perform a DICS transaction that calls up the
:5 particular approval and then he either denies or accepts the
AL particular state change that was requested. In addition tc apprcval
;5:: control or approval cycling the message communications systen notifiacs
people who need to be notified whenever something of interest hapsans.
llow, as an exanple we may have z fixed distribution list that zets
-{5‘ notified every time a particular part soes to a new revision nuuber.
},: DiiCS will automatically notify that fixed distribution list upon thke
’;f% specific event Rev level change. In addition, DiiCS naintains acdaoc
_ﬁf, lists of people based on who has looked at a particular piece of
" inforuation. As an exanple, we may have a part that zets accessed by
". 10 different people during the course of the year. DICS will nake =
note that these 10 people accessed that part and then when a revisicno
X occurs will automatically notify those 10 pecple that that part has
. ‘ been revised. llow, the difference between this and the grevious lict
;sj is trat this adhoc list is perged from the systen when these pcopls
‘::; aave been notified. So we have a fixed distribution list and =
e terporary notification list. In addition, it is possible to use this
" cogumurication system as a very prinitive electronic nrail systen and
that it is possible to attacn comments ancd messajes to notifications
b and approval requests.
::f: In terus of customization, virtuzlly every aspect of the system can te 80
RO tailored to the particular needs of an organization. e can cefine
A file types, whatever types you need. There is a 6 charzcter file type
oYa
i c-14
l;':p
N




NS
e code and a 32 character expansion of that code so you could, for
-0, exawple, define finite elerment model as FZl!, you could define a vendor
:::g parts list as VPL, anythning that you chose as a file type [LICS will
TR accept. Status codes, again, you can define virtually any naunber cf
( status codes. llessage codes are similarly defined organizations. 7You
N tell wus what your structure is. Access control codes, you tell us
~ what people or organizations can access what types of data anc uncer
nj wnat circuustances. The systenm is customizable to an e:xtrzordinazry
= degree without doing any changes to the software itself. All of these
vt:~~ changes are done by changing tables in the relational data bazce tnzt 81
N Di.CS uses to perform 21l of its access controls and other functions.
If we look now at some of the fundamental concepts of DIICS prcbeably
' the most fundamental is that of the label versus the content of tixz
! ; file. DHCS understands what we call buckets of bits. A dbucket of
‘15 bits is simply a binary file that DNCS controls. Di,CS does a0t Lnou
RN what is inside of that file. It could be a geonetric form as shown in
RS this exanmple or it could be a word processing file, or a yjideg ima:c
A file. DHCS ¢ mply doesn't know what is in that physicel file. It
takes it from either an application program on the host or an attacred
computer system via a conmunication link and stores it auvey =zs
,Qﬁ received 1in a file. Contrasting this the label inforration is xnown
\J totally by DNCS, in fact, DINCS constructs the label and places all of
\d this infornation inside of the DlNCS data base. lNow, imagen this to te
A\ a drawing and <down in the lower left hand corner we have &
NN distribution <code typically. WYe have in the bottom center the
g approvals, the actual approvals for that drawiag. e hzve 2 title
- block in the bottom iight hand corner and we traditionally have csornc
g sort of revisioned history in the top right hand corner.  And¢ then in
'Cf the ©body of the drawving we have the actuzl drawing itself, the dzta
- itself, that we are dealing with. Now in a one sheet drawing tais is
. the way it would actually be, often times we will nave nulticheet
,Q}Z; drzawings and all the revision history may be on one sheet and =211 of
the title block and such may be on another sheet but it doesn't
invalidate the basic concepts. How if I tzke a DICS label, wnat I
L™ . basically do 1is take the scissors and I cut out all cf this
L information here, all of the title block and the control inforration,
B{* I folcd it up into & nice package, I stuff it in this pocket cver uacre.
4 I take 211 of the other information, that is, the actuszl jecmetric arne
5;-3 design information, ete., and I stuff it in another pocket over hszre,
o then what I do is I establish a pointer between the two. How, all of
! the stuff that went in this pocket, that is, all of the infornation
a2bout who did it, the title blocks, the revisions etc., goes up into
DI.CS labels and 2ll of the information in this pocket, that is, tre
actual drawing itself goes down to the geometric forn. So we ucve
data about the data, that is nedidata contained in the D!IICS label and
we rnave the data itself, the product information itself, contaianed in
- the bucket of bits.
Y, Okzy, some of the implementation considerations that really gzted the 82
:R design of DMCS, first, was to provide a generic solution, tnat is, one
ﬂf that a single system can go into a very complex organization and work
.y across all of the different divisions and departcents through
:Ac customization. Ue are providing a system that is really a onc cysten
N
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we have found that in pany organizations the release process to
pwanufacturing 1is a very rocky one, to say the least. In sone
organizations 505 of the release packets to manufacturing contain
errors. They'll be either incomplete, in that required creawings will
not Dbe present, or even worse, the wrong revision level of a crzuing
will be included in a package. Of course, manufacturing coesn't knou
this and so they go racing off and begin to manufacture souethning anc
discover later that the release was in error ané that nost of wnzt
they have done has to be thrown away. The third impact arez consistc
of early change notification. Usually engineering does not wanatl
canufacturing to have access to their drawings beczuse they are afraild
wanufacturing will change them or do something horrible. 'ith the
DIHCS system we can give manufacturing read only access to file:c :so

that they can be notified that changes are coming and hopefully that
will allow them to take appropriate action, such as, stcpping the
production run, for example of a system that they know z change is

coming on in the next day or two.

The fourth impact area allows early design access by purchasia_ and
mznufacturing personnel. Hopefully, this will enable feedback to ti
design staff so that the designers will not be designing thiags thne
are inordinately costly or extremely difficult to manufacture. ilo
these three areas correlate with the thiree savings areas, recduced
labor, reduced scrapinary work, fewer hardware changes c¢n the ri_ht.
To give you an idea of the magnitude of this, we have tzlked te cne
Vice President of @nanufacturing who said, "If engineering would
install DICS that he would pay for it and also cut his screpinar; wucrl
budget by 505." DNow his scrapinary rework budget was a 5 million =z
year operation. So, at least this one person thought that putting
DIICS in would give him a2 very significant cost savings.

Finally, ©because we are now zontrolling and tracking virtuall;y e-.:zry
Gesi_n change we have good information. It should be zble to gerior:
correlations between changes and the product quality. If ve lcou at
tais data over time we ought to be able to improve the quelity of cur
product anc potentially reduce the cost of warranty. DiCS in teris crl
an overall system has as its goal the simultaneous access of dzata ia
an engineering data base at multiple levels from nultiple cifferent
organizaticns using different kinds of machines. This i3 the data
sharing concept in a heterogeneous design and nanufacturing
environnment.

Data release and control is an exaumple of how we uight use DICS in e

design engineering environment. e start off with an engineer woricinl
at his own personal work station and simply designing, prototyre
design or whatever, using or working unissued cdata. licbody 'sls2

beside that engineer has control over that data. Once the engineer
has finished with his/her operations, he takes it to his wanager wno
then approves that piece of information or that drawing and initiates
a forcal approval cycle. Once that formal approval cycle has begun

-the file 1is placed into appending state. While in appending state

nobody other than approvers can gain access to it. If during this
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approval cycle one of the approvers rejects the drawing or the file,
then the file is autowmatically taken out cf pending state and put bdack
into personal work space and the engineer who was working on it or
souebody else designated by the department nmanager nust correct the
defect and tnen we reinstitute the approval cycle. Once all of tre
approvals have been made, then somebody named the drawinl control
zdninistrator cust make a formal transaction to release the drawing cr
issue the drawing to the system. This process nakes that drawing
available to other engineers working on.the systen and typiczll;y tais
process results in what is called issued data. The difference tetucen
issued ané unissued data is that any engineer who has gproper
authorization <c¢an gain access to issued data under the control of
DI.CS, whereas the incividual engineer controls unissued data. Lew o tn
overall access for the purpose, for example, of wmaking worlt ccpiss or
reading usually will reside in a person called the product dati=
nanager. llow, this person will control who actually sains accezs tc
the issued data and under what conditions. This person is the one,
for example, who would say that purchasing is allowed to see¢ prctot; .=z
designs, but not to see concept designs. Mow, what happens if wve neec
to nmake a change to that? Yell, we will, first of ail, make & uworu
copy of the issued data so that some engineer, perhapc the saue as
before, can begin workingz on that and the engineer respcnsible will
nake rmodifications to the work copy. Unlike the paper environmcent, ve
never nodify the original file, we always wnake copies of it and thzn
wake mnodifications on the copy. Once tne nodifications have oeern
completed we put that file back into the approval process in exncctly
the same way that we approved the original unissued cdata file. ‘‘nerx
the approval process has been completed we will automatically deletle
the work copy and we will send automatic notifications of cranses cor
vwhatever to the zppropriate people.

Additional:

Slides 1-20 are examples of CAE Technologies applied to a variety of products.
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Survivability Through Mobility
A Systems Engineering Challenge

Paul L. Smet

Brunswick Corporation

Costa Mesa, California

and

Mary Baker

Structural Dynamics Research Corporation
San Diego, California

ABSTRACT

The theme of "Survivability Through Mobility" is
certainly not new in military thinking. This concept has
been applied to the design and use of tactical battlefield
weaponry and support equipment for ages. Today, how~
ever, in light of the sophistication of modern weaponry,
the concept is applicable not only to tactical equipment
but also to strategic equipment. Thus, both the Govern-
ment who is concerned with identifying needs and
requirements and procuring solutions to those, and
industry who is asked to provide those solutions, must
appreciate just what kind of a challenge this concept
presents in today's world.

This paper presents a synopsis of that "Systems
Engineering Challenge", stressing the complexities of
survivability to the threats that exist today. Topics
addressed include a discussion of how mobility
contributes to survivability, mobility systems
requirements, and the role of systems engineering in
smoothing out solutions to the complex mobile system
requirements. Particular attention is paid to systems
analysis with emphasis on structural dynamic analysis.
Then, in more technical detail, one aspect of a struc-
tural dynamics consideration in shelter design is
addressed.

An example of a coordinated test and analysis
approach to obtain hardened mobile shelter design
information is described. Simple shelter models and
finite element analyses using NASTRAN were used to
simulate the nuclear environment and predict design
loads on shelter components. The particular components
considered were shelter edge members. The shelters
consisted of panels made of aluminum facing sheets and
a pager honeycomb core. These panels were joined at the
edges by complex joints made of aluminum extrusions,
bolts, adhesive, and fiberglass.

The loads predicted for these joints were then used
in laboratory tests of a twelve-inch slice of a shelter
which contained two edge members. The tests provided
design understanding and verification of structural and
EMP integrity for the final design configuration. A
great deal more insight into shelter component design
was obtained from the test than could have been obtained
by even the most elaborate analysis. And, since this
testing effort spanned only two weeks and the combined
testing and analysis took approximately one month, this
example represents a practical design approach which can
fit into a shelter design schedule.

The major thrust of this paper is to implant an
appreciation with the reader that to achieve "Surviv-~
ability Through Mobility" requires the application of
sound systems engineering techniques to provide rather
complex synergistic systems.

INTRODUCTION

Survival during warfare is essential for victory. If
you don't survive you surely cannot win. How to survive
is the age old question.

- Dig a deeper hole?
-  Wear thicker, heavier armor?
- Hide where the cnemy can't find you?

Each of the above is a potential solution, but a
terrible impediment to successfully carrying on your i
mission, to say the least. I

The most effective means of survival is ;
MOBILITY. Get in, get the job done, and get out before ’
the enemy detects you and can strike at your detected !
location. This obviously is no new military concept. !
From the day when the first caveman went into battle !
against others, he found out that one way to survive ‘
when things got too hot was to get out of there. |
Today's Field Artillery "shoots and scoots”. The whole 1
essence of the Horse Cavalry through today's Armored |
Cavalry is mobility. i

Although mobility has forever been a key ingredient
to survivability on the tactical battlefield, from the
strategic standpoint, mobility has never been a crucial !
requirement for survivability. In the strategic arena,
survivability has been taken for granted simply as a ;
matter of geographics. The strategic war has been !
played from "behind the lines", a good comfortable
distance from the "heat of the battle", maybe even ;
separated from the tactical war by an ocean or continent.
At a minimum, you could protect the strategic centers by
piling up enough sand bags, or pouring enough reinforced
concrete, or burrowing deep enough into a mountain, to
counter any unlikely enemy destructive thrust. There }
just wasn't a real crying need to have our strategic com-
mand, control, communication or processing centers be |
mobile.

Today, however, is a different story. It's pretty
difficult to tell where "pehind the lines" really is. It's
almost impossible to be cut of range of the "spear
throwers". The battlefield has become potentially
global. Techr~logical advancement in target detection
and weapc '« :llows our foes to engage pinpoint
targets. .=» therefore become a driving requirement
that operauons, even located within CONUS be
survivable.

MOBILITY AS A CONTRIBUTOR TO SURVIVABILITY

Mobility as we have said, can provide survivability.
Through mobility, survivability even in nuclear warfare
becomes reasonably achievable when the strategic
operation, be it a command post, data processing
terminal, communications terminal or other control
center is packaged into a highly mobile and hardened
configuration. Ideally these mobile electronic system
packages could be deployed in locations where they
would not be detectable. However it is, of course,
pure folly to expect that the mobile terminal can be
camouflaged from visual, IR and RF detection for any !
extended period of time if it has a high enough stra-
tegic value for the enemy to select it as a target.

The arsenal at the enemy's disposal consists of high
numbers of delivery vehicles, each capable of carrving
multiple maneuverable warheads, any one of which can be .
programmed to target a particular mobile center. i

Given that detection is inevitable, one must assume
that the terminal will be targeted for nuclear engage-
ment. Operations Analysis, therefore, must digest the |
threat scenario and determine the logical size (yield)
of the weapon most likely to be used, the time necessary !

i
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o for the detection to take place, time to transmit MOBILITY SYSTEM REQUIREMENTS !
locational information back to the threat launch site, . l
: time for reprogramming of the launch vehicle to_r new Typical requirements for such a system encompass:
<o £ target location, launch time and finally, flight time 1 N ivability f 1
to the target location. . uclear survivability from the nuclear effects of |
The result of such a threat analysis then determines blal:t over&!:ssure, thermal loading and electromagnetic :
“» the time allowed for the terminal to close down opera- pulse (NEMP). |
e tion and relocate before the weapon arrives at the pre- 2. Minimal tear-down or set-up time which more than
:',, viously targeted location. This obviously demands two likely will drive a requirement for a powered up status
A/ major characteristics in the ground terminal: to exist at all times, even while mobile, to prevent the
: i : for warmup time once the vehicle has arrived at the
AN Extremely short redeployment time requiring little :::!dlocation Further, i -
N - : H et . , if the payload is powered u|
3 oF no tear-down or set-up time and rapid mobility. when mobile, the whole vehicle must be a self contpained
Hardening to the extent necessary to withstand the system, including power generation and environmental
' anticipated blast, thermal and EMP effects likely to control equipment. This requires that relatively large
;' be experienced at the distance traveled‘from thg fuel capacities be carried aboard the vehicle.
.. fi:;li:u:h?g:tt:%(i;h;?;;e: ted detonation location) 3. Rapid deployment from one location to another
::- drives the requu-ementf for a prilme mover an? trailer
.. design to be capable of relatively high speed (equatable
f:' o COMPLEXITY OF MOBILITY SYSTEMS to commercial 18 wheel rigs) for rapid movement over
- The complexities of packaging the terminal into a primary highway networks either CONUS or QCONUS.
mobile configuration have been underestimated time and This .hxlghway_ trarvel s_ht;uld not require P;.°°“re:’.e?t of
af again in both the procuring community and the contractor special permits for highway operation. The vehicle
. h P should also have some limited off road capability be~
. community. Within the procurement package, for, say a ceuse it most likely will have to pull off the road for
- mobile communications system, the transportation gt " Y P
- element is often treated as an incidental. Communi~ mission operation.
~ . cation Contractors {eel, perhaps rightfully, that the 4.  The system should be electrically hardened to
N major problem is to put together the communications safeguard against the whole family of electromagnetic
: system; packaging it into a survivable mobile system is effects such as Tempest, EMP, EM], EMC, TREE, Red/
(- thought of as secondary. Black criteria when operating by itself or when inter-
S Let's try to focus on what is invoived in such a faced with an external power source (commercial power).
. moblle terminal Flrs.t of ap it involves the payload 5. Of course the system would need to withstand and
.. itself or, the electronic equipment that performs the . hole family of rather standard natural
-‘} mission. The payload can be comprised of existing operate in the whole family of rather standard natura
L commercial equipment, perhaps some Government fur- environmental extremes of temperature, humidity, dust,
‘\, nished equipment and most likely some newly designed :;l:’d;lstaii:;:g, wind, fungus, rain, sunshine, snow/ice
special equipment packaged into standard electronic -
equipment racks. The remainder of the terminal system 6.  Besides being transportable over roads by its own
0 is considered to be the transportation element. A motive po-ver, the system should be transportable by air.
Y typical transport element, as shown in Figure 1, con- Aircraft ro dcation should require only minimal dis-
\; sists of a tractor with 5th wheel, a semi-trailer with a assembly or reassembly for compatibility with standard
b, shelter or shelters attached that house the payload, the military aircraft as shown in Figure 2.
/ {‘. power genecation and dlst.ﬂbqnon qu\pr'nent,. an 7. Undoubtedly the system will demand that stringent
A gg:::?"::;:t:lsf:"m":i ::':r:;m tai:smsrt;:-l:r:t;::/ce systems effectiveness requirgmepts be met. It ill need
fuel system ayr'ad an ’overall transport'ation glement ' to be safe to operate anq maintain. it will hpve to be a
status and control system highly reliable system with minimal mean time to repair,
N . maximum mean time between failures and niaximum
-~ system operational availability. Faults in system
- operation will identify themselves through use of BITE.
.': Repair and maintenance will be simple, straightforward
" and easily achievable. The system will fulfill standard
:. W, human engineering requirements during both operations
l and maintenance. The system will idea!ly have
L accommodations to support the operating crew for an ex-
= tended period of time without resupply during the trans
. and post attack time frames, Noise levels will need to
(3 be kept acceptably low, and of course the system must be
';. supply supportable.
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Figure 1. Typical Ground Mobile Electronic System
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8. To impede detection the system should not call
attention to itself either during movement {rom one
location to another or during mission operation. If the
system blends in well or resembles other commercial
tractor trailer rigs traveling the highways, the
chances of delaying detection are considerably
enhanced. Figure 3 is an example.

Figure 3. Example of Design For Inconspicuous
Appearance

3.  The operator, during mission operation or the
tractor driver, during relocation operation should be
able to determine the general status of the elements of

the transport system and to control the operation of the
power generation and environmental control equipment.

THE SYSTEMS ENGINEERING ROLE

While this list of requirements can be expanded, the'

above represents the more important requirements.
Harcware to satisfy these requirements can only be

produced with the exercise of sound systems engineering

work. The integration of the system elements into a
single system that satisfies interrelated requirements

demands an integrated system design, analysis and test-

ing activity.
For the benefit of the reader who is not entirely

‘amiliar with the complexity of true Systems Engineering

activity, Figure 4 represents a method of iterative flow

of systems analysis leading into an optimal system
design. Figure 5 illustrates the same iterative
relationship of svstem analysis and system design but in
terms of hardware typical for a survivable Ground Mobile
Electronic System.

|
|
!
|
|

Paramount in this mixture of svstem complexities is

the structural dynamies problem. It is imperative that
the payload survive the shock and vibration environments
experienced during a nuclear overpressure event, during
roadability operations, and during air, rail or sea
transport.

The first difficulty encountered is the determina-
tion of the shock/vibration levels that the payload can
tolerate. Given that data, the transport subsystem must
then oe designed to protect the pavioad to that level.
However, there is strong tendency today to use commer-
cial off-the-shelf electronic equipment or government
furnished electronic equipment in payload design.
Because the shock/vibration survivapility threshold for
such equipment is rarely available, it must be determin-
ed by analysis, test or combination thereof.

Isolators for equipment racks are designed or
selected to afford absorption of the relative motions
between the racks and the shelter's walls, ceiling and
floor. These isolators must avoid point loading of
either the shelter surfaces or equipment racks.

This relative motion between the racks and the
shelter is a funetion of rack design, shelter construe-
tion and isolation between shelter and shock/vibration
cause. In the case of overpressure as a cause, the
inter{ace between cause and shelter is direct, with no
further isolation present. In the case of roadability
induced shock/vibration, the isolation will consist of
several isolating devices in series between the road and
the shelter. The tires, the trailer suspension system,
the trailer frame itself and possibly the isolation be-
tween the frame and shelter floor will all afford a
differing degree of shock/vibration protection. If the
transport configuration requires removal of trailer
running gear and suspension, then certainly an isola-
tion system under the shelter will be required to pro-
tect the shelter and payload from transport
environments.

Figure 6 illustrates the above series of isolators
as a system of springs which cause the noted deflections
and forces to oceur in varying magnitudes dependent on
the stimulating environment.

With very little in-depth observation of the above,
it should be obvious that the transport element of this
terminal design is a complex system problem. The design
of any one of the sub~elements described above effects
the total system's dynamic response to shock and
vibration.

This discussion of structural dvnamic system effects
is only one representation of the complex synergism of a
mobile electronic terminal, which must be designed as a
system. The design must be controlled through all sys-
tem interfaces, hardware integration must be performed
as a system, and operation and maintenance scenarios
must be created as a system.

|
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Figure 6. Component Dynamic Loads

COPING WITH THE STRUCTURAL DYNAMIC
PROBLEM

During a recent design activity for a mobile
electronic system, Brunswick procured services from
Structural Dynamies Research Corporation (SDRC), San
Diego.

® Figure 7 shows how the SDRC structural dynamic
analysis integrated into the total system analysis.
Figure 8 is a block diagram depicting the general type
of structural dynamic analysis performed by SDRC.
Figure 9 is formatted as a status chart but through its
matrix format we can see the extent of the dynamic
analysis performed.
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Figure 7. Design Analysis Flow Chart

N

(rmmemmmeee————{_MASTRAN FIAITE ELEMENT MOCELS e
— 1 —

PODAL SUBSTRUCTURING STATIC
AWALTS!S (SUPERELENENT) ANALYS1S

DIRECT
STIFFNESS CHECK
TRANSIENT

moaL [ ormeer |
s"“m‘

[ STATIC
P07 OLE LOADS
90° START || AmaLYSIS
L
EQUIPRENT] EQUIPHENT | l

1SOLAT 100 [1 SOLAT LOW ALRCRAFT STATIC
MiND, SPOW ¢ ICE
LCPRERING

Figure 8. Structural Dynamic Analysis Block Diagram

/

1ot |

[PrIC 1ECIE SwmTion

YA 3TAIA SAUCH G
)

wita 50 ow vimg

3 310w 18 PN
16 CLIDID
(Pe1.00400) BIE &2
I

Aol acas (1ncy

1 6)(71 $0u0)
CODRIRING § 4}

9 NEE HATIC

(4% sraricy

ne we
L R i W e

ad
&
TR MLECTIOn .—_b
[ X » |
$LTED CORNO OEILICTIOM 9|
MOI(E_ IR AION BHILECT IO ®]
MELEL 1WA fORCEy |

8]
100 i gMationy
CABINEY &{Lii#C BEFLEC. .
THom 17 et
°
°
[

CABISET ACCIA MY Iy
1

FERCLY, MMV,
wistipiyom

MrLLCT
SLII, 1o, way BN,
s 218 twHy @, 6 |
Ry 2 ity sowmt f08;

RLTEE BOUENTS & Gt am 18|

Figure 9. Typical Dynamic Analysis Matrix

SDRC contributed significantly to the success of
the program design activity. The remainder of this
paper, prepared by Dr. Mary Baker of SDRC is an
example of this performance and should leave you
convinced that design of a survivable mobile electroric
system presents truly unique system engineering
challenges.
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INTRODUCTION

The most powerful design tools are well-integrated
test and analysis efforts. Test can give validity to
analytical assumptions while analysis can extend the
understanding beyond that available {rom existing hard-
ware and achievable environments.

For shelters which must sustain a nuclear environ-
ment, the design challenge is particularly great. The
nuclear environment is so severe that overly conserva-
tive design practices cannot be tolerated in a transport-
able shelter. Also, the nuciear environment cannot be
easily simulated for test purposes, so the understanding
which comes (rom experimental data is costly and dif-
ficult to obtain. Finally, the shelter designs involve
complex structural components containing many
materials and glued and bolted joints which are very
difficult to model accurately.

This paper describes a portion of a shelter design
effort which involved successful, coordinated test and
analysis. This effort provided a great deal more under-
standing for shelter design than could be obtained from
either test or analysis alone. Moreover, because it was
completed in less than one month, it represents a
practical design approach. This description is being
presented as an example of ways to overcome the severe
constraints placed on the designers of hardened mobile
shelters.

In general, the approach described here is to use
analysis with simplified structural finite element
models to translate the specified nuclear environment
into dynamic forces transmitted to shelter components.
These loads can then be used in a simplified test easily
performed in the laboratory on a component or portion
of a shelter. With this added understanding, higher
performance components and shelters can be designed
and their structural integrity verified.

This work was performed jointly by Brunswick
Defense, Costa Mesa, California; Brunswick Defense,
Marion, Virginia; and Structural Dynamics Research
Corporation (SDRC), San Diego, California, in June and
July, 1982. The shelter design discussed is a patented
design belonging to Brunswick Defense of Marion,
Virginia.

DESIGN REQUIREMENT

The objective was to design and verify shelters for
use in a survivable ground mobile electronic system.
This system consists of a highway tractor trailer shown
in Figure 1. In addition to mobility loads and air
transport {orces, this mobile shelter must sustain a
specified nuclear environment. In general, this nuclear
environment consists of a thermal pulse followed by a
pressure transient impacting all surfaces of the shel-
ters. Figure 10 shows a pressure pulse shape for two
surfaces—{acing the blast (windward) and opposite the
blast (leeward). These pulses were derived (Refer-
ence 1) using the specified overpressure and guidelines
in Glasstone and Dolan, The Effects of Nuclear Weapons
(Reference 2).
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Figure 10. Nuclear Blast Overpressure Characteristics
Trailer Side Oriented Toward Blast

All loads, and particularly the transient pressure
pulses, force a complicated dynamic response of the
whole tractor trailer. This response which significant-
ly impacts the vehicle design includes rolling motion of
the whole vehicle, of the trailer relative to the trac-
tor, and of the shelters relative to the trailer. In
addition, dynamic ringing of the trailer beams and all
the shelter panels occurs. The main design drivers for
the shelters and the trailer are loads resulting direct-
ly or indirectly from the nuclear pressure pulses. For
the shelters, the design requirements are particularly
severe because not only must the structure survive but
the protection against the electromagnetic pulse (EMP)
must be sustained as well.

The description of the complete design program is
beyond the scope of this paper. The only portion of
this work which is included here is the coordinated
testing and analysis performed to complete the design
and verify the shelter edge members which are critical
for the EMP protection.

The shelters considered in this example are con-
structed of panels with aluminum facing sheets with
Hexcel paper honeycomb core. The payload shelter is of
most concern because it has the longest span. The
dimensions of this shelter are 320 inches x 90 inches
x 86 inches. The panels are joined at the edges by
patented members shown in cross section in Figure 11.
Also called out in Figure 11 are the different materials
included in these joints. The variety of materials—
including adhesives, fiberglass, aluminum, and paper, in
addition to boits, welds, and screws—iilustrates the
difficulty in performing a detailed analysis to predict
the response of these edge members. Once the
uncertainties are included for welds, bearing points at
bolted joints, stiffness of all materials at temperature.
and strength or yield limits of all materials, the
validity of the results becomes questionable for either
design decisions or design verification. Besides, an
analysis which accurately included all these phenomena
would take much more time than the design schedule
allowed.
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A traditional approach would have been to select
the most conservative values and assumptions. However,
the challenge of designing to an environment as severe
as nuclear blast does not leave room for extreme conser—
vatism in a mobile sheiter. Therefore, the problem is
to realistically predict structural response for design
purposes and to verify structural integrity and
preservation of EMP seal for the specified nuclear
environments.

SHELTER BLAST RESPONSE ANALYSIS

The approach to achieving the needed design infor-
mation was {irst to understand what the thermal and
pressure puises did to the shelters. Previous simula-
tions of blast loading (Reference 3) had been performed
on the whole tractor-trailer configuration. From this
work, it was clear that the shelter loads occurred on a
much shorter time scale than the overall vehicle re-
sponse and therefore could be studied independently of
the whole vehicle. This assumption allowed the use of
simple finite element models of an isolated shelter.
Since the objective was to find the design loads, much
of the shelter detail was eliminated by selecting only
the worst case. In this way, the shelter was assumed
symmetric, and a half model was used. Figure 12 shows
the simplified finite element model of the shelter
created uysing these assumptions.
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Figure 12. Payload Shelter Model Dimensions

Because the edge member characteristics do affect
the shelter dynamic response, they had to be included in
this simple model in order to correctly prediet and
understand the shelter panel responses to the pressure
pulses. Previous test results (Reference 4) had shown
that these edge members were more flexible than two
panels would be if analytically connected directly.
Figure 13 shows the previously measured nonlinenr
relationship between the moment exerted on an edge
member and the angle of rotation. From this figure,
edge rotational stiffness is 50,000 in-1b/in/rad and is
linear to approximately 3900 in-lb/in of moment. Based
on this data, springs simulating this moment-rotation
curve were used in the simple models. Nonlinearities
were included when forces exceeded reasonable limits of
linear behavoir.

The restraint conditions on the shelter finite
element model were springs to ground with stiffnesses
and locations matching those of the actual isolation
mounts with which the shelter was mounted on the
trailer. The basic assumption allowing an analysis of
the shelter independent of the trailer is that the over-
all shelter rigid body motion occurs on a much longer
time scale than the motions which strain the shelter
panels and load the edge members. This assumption
implies that the shelter tie-down springs are not impor-
tant to this analysis, which wes verified by comparing
results with and without springs to ground and finding
negligible differences.

The initial conditions for the shelter blast
simulation were determined by the thermal conditions.
Since the work described here was designed to determine
the design loads on edge members. thermal conditions
were selected which represented the worst edge meimber
loads when combined with overpressure loads. The worst
case thermal condition is extreme cold outside (~40°F)
with interior heated (80°F). This condition, shown in
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Figure 14, has a panel facing the blast heated {rom
-40°F to +29°F and the roof heated to -3°F by the
blast radiation. This set of temperatures causes the
most severe edge member moments. The differential
temperatures between the exterior and interior of the
shelter wall causes the panels to deform inward as shown
in Pigure 15. This deflection adds to the deflections
caused by the blast pressure pulse. The extremely hot
day plus blast thermal radiation causes a bowing out of
panels which counteracts the blast inward pressure and
results in a lower overall edge member load.
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Figure 14. Payload Shelter Surface Temperatures for a
Nucieer Blast on a Cold Day
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Figure 15. Cold Day Thermal loads and Resulting
Deformations

The results from the thermal analysis included
moments and shear {orces carried by the edge member
springs. The moment loads are shown in Figure 16
distributed along the edge of the shelter. Note that
even these static thermal loads are slightly greater
than the linear limits of the edge members. For this
static thermal analysis, nonlinear springs were not used
directly; however, the moments and deflections were
adjusted to yield an equivalent strain energy moment
deflection point on the actual nonlinear curve.
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Figure 16. Edge Moments With 1 x 1 x .05 Angle
in-lb Due to Cold Day Ambient and Blast
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\': Using these thermal loads as initial conditions, the |

", dynamic simulation was performed using the NASTRAN !

:4‘ computer program and transient analysis to apply the '

’.J‘ pressure transients and predict the shelter responses. Prag } {

» This dynamic simulation used the actual nonlinear spring (/’ !
moment rotation curve shown in Figure 17. Note that a PN, :
o, closing rotation offset was used on these curves to N 4 i

e, account for thermal initial conditions. ) ]
oy The blast pressure transient (using 133% pressure o ‘\.L’ STREET SIDE. OTTOM ‘

x allow for 33% margin) produced panel resonances which ‘

:’_- are shown in Figure 18. This plot shows edge member
N moments as a function of time. Note that, even though 1
.0 the pressure pulse is a shock load which occurs in 10-20
milliseconds, the load due to nuclear blast which is g ~ ~
Lo delivered to the edge members by the panels is & 3 S JAV: N [ Aa 0\ L ‘
- harmonic oscillation at the panel natural frequency. "g vaz0 —AL—IN__ 7L AN ARS L ;
v, This oscillatory load does not go below zero. There- :§ ] IAI AV AL ‘\ /[ i \\ [I ;
R fore, the edge moments are always closing moments. It £; mH v i N7 :
L is this oscillating load, or the peak values reached by is :
L this oscillating load, which must be simulated in the 3; 1020 1 | {
e laboratory to study the shelter edge member structural = 00 0.1 0.2 0.3 04 '
capabilities. A direct shock pulse, as might be assumed TiME SECS) .
. for a nuclear blast load, is not appropriate. This |

. result is important since it eliminates the need to be |
W concerned about edge member resonance or dynamie Figure 18. Corner Response Histories for a !

F '-: amplification Curb-Side Nuclear Blast (1.33 on a Cold Day ‘
~ I Witha 1 x 1 x .05 Angle) '

b
a 4 ' : - .

. i within the edge member itself. Peak edge moments are T
. ! given in Figure 19, shown as they are distributed on the |

‘ l shelter. In addition to the moments, histories of shear :
N \ 004 loads at edge members were also obtained. Peak values

e I " I for moments and shears delivered to edge members are
-.4 CLOSING 2020 in-1b/in moment and 240 1b/in shear for 133% blast
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=, EDGE MEMBER TEST
‘-’f Since the above loads can be easily simulated in the
b o laboratory, the detailed edge member design evaluation 1030 Sert4n SOACES an0 wOmenTS
A was continued by test. Recall that the design require- 1344
ments of the shelter edge member included the preserva- )
tion of EMP seal. The edge member shown in Figure 11
A has three welds: two connect the aluminum facing sheets g
" to the aluminum extrusions of the edge, and the third is " l
™ outside the bolted joint which joins the two extrusions. N om0 ctss -
- These welds provide a continuous metal shield which “ N O i v
SN constitutes the EMP seal. Because the edge member — =G —=C 2\  —— )
OS stiffness curves in Figure {3 showed nonlinear moment- | Juan SucaLe Mmoo
rotation curves, any loads beyond the linear limit - ' ‘
caused concern for the structural integrity of edge ! ' L sres oace ‘
members in general and for the welds in particular. pnear
A Although edge member extrusion yielding could be -
e tolerated, no yielding at or near a weld was considered
. acceptable since weld cracks and therefore breaks in the
. .; ) EMP shield could result. For design understanding,
v - ' .
" l ;‘2;?:?:;'0:?5:!&::“' tests were performed with the Figure 20. Initial SDRC Test Configuration
i ¢ understanding nonlinear behavoir of edge
~3 members
l’:, o determining shelter edge member capacity r—:!;L -7
‘:5 determining strains under worst case design J
'-: - loads oan s USSR LOAD CELL - AL
AN S . SPuge . . | *s0 - ASLHEMENT
) ¢ identifying and understanding any extrusion —_ .
silding oo p—
w ¢ locating any potential weld damage under worst L ey crumaen —
" case loads. 0N 8.
O e evaluating performance of edge member with i -
S design change consisting of different internal
‘ angle dimensions
ik The test article represented a 12-inch slice out of
the center of the shelter containing one side wall and !
two edges with 36-inch portions of the roof and flour. | Figure 21. Test Configuration for Moment vs. Angular
- Since shelter longitudinal forces were not significant, Deflection Measurements
.:J it was assumed that such a slice would accurately simu- '
[N late the shelter edge member response. The original |
.8 test set-up shown in Figure 20 was designed to indepen- reason for this is that the shear forces are mainly
. dently control shear and moment loads and to allow a carried in the core and the available samples did not
=, static or dynamic load application. For the results ! have the correct core. This fact did not substantially
presented here the test was simplified from this . hinder the test result because the moments are the most
original test plan to include only static loads. The i important for the design question being considered.
P justification of the assumption that edge member {  Closing moments are carried by the facing sheets and by
- dynamics are not important is that the load delivered to |  the bolted external connection. Since the welds at the
Y the edge is not a shock pulse, but a relatively low ., facing sheets and at the bolted joint are of particular
. frequency harmonic oscillation. Since the edge member |  concern, the simplification of applying a moment and
Wy will not have any modes of vibration as low as this i only the minimum shear is acceptadble. The last
by frequency, the static loads equal to the peak dynamic ' important assumption used in the test is that the actual
= loads can be used to predict all aspects of structural temperatures of the edge members will not severely
behavior except {atigue. Fatigue was not directly con- alter material strengths. A review of the material
. sidered but, for the blast where only a few cycles occur, properties and predicted temperatures justified this
Y, several applications of the static equivalent load are | assumption. Therefore, the tests were conducted ai room
~', adequate to determine structural integrity of the joint. J temperature.
l As a further simplification of the test, the | The test confligurations in Figures 20 and 21 contain
& configuration shown in Figure 21 was used to emphasize . an angle-measuring device that monitors relative rota-
AN} moment loading, thus dropping the objective of simulta- tion of the external surfaces with a highly repeatable
neously and independently controlling shear forces. The '  accuracy of .001 radians, more than agequate for the
%]
D-11
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expected angular deflections, which range in increments
{rom .0045 to .18 radians. In order to monitor the de-
tailed response of the edge members as loads were ap-
plied, five uniaxial strain gages were positioned on the
extrusion as shown in Figure 22. These gage locations
were seiected to monitor strain close to the welds to de-
tect any yielding (gages 3 and 6) and in the area of the
extrusion where the most load was anticipated (4, 5, and

Figure 22. Strain Gage Locations

7). The purpose of using both gages 4 and 5 was to
rompare the strains at these two locations and, there-
fore, to detect any pulling apart of the extrusions
between bolts.

Two edge member design variations, shown together
in Figure 23, were tested. The two designs differ only
in the size of the interior angle used. The first tests,
on the edge member with the smaller angle, showed no
damage at the welds but exhibited core failures before
reaching design loads. These core failures were
apparently due to deformation near the interior angle of
the edge member, which then initiated core damage and
joint failure. Because of this response, the testing
was shifted to the design with the larger internal angle.

The moment-versus-rotation results from testing
the edge member with the larger angle are given in
Figure 24. A great deal of information is represented
by this curve. First, the moment angular deflection in-
formation is different than used to predict loads.

This new moment deflection curve was therefore used to
repeat the analysis and to obtain the new set of loads,
which are 2400 in-1b/in moment and 240 Ib/in shear.
These values include 133% overpressure (33% margin) and
cold day thermal loads. Therefore, the desired design
point moment to achieve with this edge member is 2400
in-Ib/in. This figure also shows the edge member's
sustained loads significantly above the design load.
Failure did not occur until 3540 in-1b/in, and then only
after the third application of load above the design

178170 6" ANGLE

TYPICAL COANER CONSTRUCTION WITH
LIGHTWEIGHT RE1 ANGLE

3703 2 MWW ANGLE

TYPICAL COANER CONSTRUCTION WiTH
STAUCTURAL AFI ANGLE

Figure 23. Two Edge Member Design Variations

Panune oWt
e |-
E ] od
[
z
i m S .
4 NEA
H )
- 1o b N
H e .
g =g
b1 -
i .
S =
CLOBING MOWENT VE CLOSG ANGLL -
© ANGLE CHANGE Wi ASUNID O
| OUTSIDE SRS aCk SONC DATA!
b o €3 e) c1% amault
© SHEAS - MOWINT )7 ImCHER
[+
o - ' . i
. 2 - - o ) 0] e .

DG ROTATION - &ADIANS

Figure 24. SDRC Moment vs. External Angle
Measurement for Minimum Shear (V = M/37™

D-12




e,

P s

Ve
a
¢,
.
.

point. This edge member design could clearly sustain
required blast pressure pulse and thermal radiation.

Additional design understanding was obtained {rom
the strain histories shown in Table 1 and Figure 25.
Strain gages 3 and 6 are adjacent to welds. These gages
actually remain in compression! This is very signi{-
cant since weld cracking or fatigue was of concern be-
fore testing began. Clearly, no load from closing
moments is carried through any of the welds. Gages 5
and 7 do not deviate significantly from gage 4, indicat-
ing that the bolt spacing is adequate to provide a uni-
form load dis-tribution. Gages 4, 5 and 7 do show
strain beyond the elastic limit. In addition, yielding
in the ductile aluminum, away from welds, is quite
acceptable. Figure 26 summarizes these results on a
cross section of the edge member. Although no strain
measurements were made on the internal angle, indepen-
dent measurements by Brunswick, Marion showed linear
moment rotation response to 2400 in-lb/in, indicating no
yielding in this region.

Purther verification of weld integrity after
repeated loading beyond the design point was obtained
by dye penetration tests of the welds. These tests
demonstrated that no cracks existed in the welds.

CONCLUSIONS

The blast simulation analysis provided an oppor-
tunity to perform relatively simple laboratory tests

which gave a great deal more insight into shelter edge
.member design than ever could have been obtained by |
even the most elaborate and lengthy analysis. In
particular, the design configuration with a smaliler
interior angle failed—not because of extrusion, bolt,
or weld failures, but apparently from a subtle interac-
tion between the extrusion deformation on the inside of
the joint and the core material. This phenomenon be-
came clear experimentally but would not likely have
been predicted by an analysis.

The larger internal angle improved the load path ]
between the facing sheets of the two panels joined by
the edge member and made the joint behave more nearly
as designed. Moments were then carried in the facing
sheets independent of the core. Testing this con- ;
figuration to a very high moment loads demonstrated that '
a shelter closing noment could not damage EMP welds.
Strain gages and dye penetration tests verified that
even loads so high that the edge member was severly !
deformed did not begin to load welds. The verification
provided by this test of the structural and EMP seal
integrity of this final design configuration was much
more conclusive than could be obtained with analysis
alone. And since this testing effort spanned only two
weeks and the combined testing and analysis effort
required approximately one month, the example pre-
sented here represents a practical design approach
which can fit into a shelter design schedule.

Moment Gage No. 3 4 5 ’ 6 | 7 | ’
225 in-Ib/in 250(C) $50(T) 500(T) 1 (O 00(T) ‘ i
450 in-Ib/in 500(C) 1250(T) 12000T) | 200(C) 4 1250(Ty ! |
900 in-1b/in 500(C) 2750(T) 2500(T) | 175(C) 2575M) | 1
1100 in-1b/in 500(C) 3450(T) 3150(TY | 250(C) - 3250(M) | i
1300 in-ib/in 400(C) 4250%(T) 3875(T) 250(T) 3875(T) l ' 1
1600 in-lb/in 300(C) 6000%(T) 5200%(T) 300(C) ' 5325%(T) l[ '
2000 in-lb/in 250(C) 9700%(T) 8350%(T) 425(C) 1 8850%(T) f
2400 in-Idb/in 250(C) 16200%(T) 14200%T) 600(C) ¢ 15000%(T) ‘ '
3540 in/1b/in (Failure) 0 (Gage (Gage 1950(C) - (Gage ‘

Failure) Failure) ‘ i Failure)

Test Condition: Load applied 37 inches {rom edge member
Maximum ioad: 1150 pounds

Table 1. Sample No. 3, Edge "A" Micro Strain Levels
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Design Automation for
Integrated Circuits

Sydney B. Newell, Aart J. de Geus. Ronald A. Rohrer

The complexity of integrated circuits
is constantly increasing and the physical
size of their individual components de-
creasing: for commercially available in-
tegrated circuits the complexity doubles
every year (/-%. Like any rapidly ex-

design process unless help is forthcom-
ing (/-5). For this help. designers are
turning more and more to computers.
Computer-aided design (CAD) has
been in use almost since the inception of
integrated circuits (3). In CAD. comput-

Summary. With the ever-increasing complexity of integrated circuits. manuai
design methods have become intolerably siow and error-prone. The use of computers
to automate some or all of the design process is necessary to minimize both design
time and error incidence. In this article are discussed the design and fabrication of
integrated circuits., selecled techniques of design automation. and the provlems

associated with such automation.

panding field. microelectronics is expen-
encing “"growing pains’’ because some ot
its areas are not keeping pace with the
rest of the field.

In the progression from idea to inte-
grated circuit. the first phase. design.
encompasses all tasks up to manufac-
turing. The second phase. fabrication.
deals with the physical creation of the
integrated circuit. Of the two phases.
design is by far the more expensive and
time-consuming. For example. to design
a microprocessor chip containing 60.000
to 70.000 transistors can require dozens
of man-years and millions of dollars.
But. after the imtial setup of the manu-
facturing process. fabrication of such a
chip can take just weeks and cost thou-
sands of dollars. Progress in integrated
circutt development mayv be slowed or
hatted by the time- and cost-intensive

SO B Newed s Munaer of Techmcal Dicumenta-
qon und AL ) Jdo Geus s Program Manaeer ot
Simuiation «nd Fest Automaton at the Generad
Electric Mwcrociectrones Center. Research Tramueie
Park. North Caronna 27709 Ry Ronrer i Diree s

or of Electrone Marketing at t9¢ CALMA Compa-
vLodenta Clara, CLiitorma 9300
IVAPRIL fusd

ers analvze circuit and system behavior
and designers use the results for guid-
ance in correcting or enhancing their
designs. Thus the role of the computer in
CAD is one of an assistant to the design-
er. who carries out the actual design
tasks by making decisions based on the
CAD results.

In design automation. not only the
analytical but also many of the synthetic
design tasks are performed by comzi..-
ers. Computers carry out a given design
task by performing a series of iterations
and are guided by the analytical results
ot each 1iteration to improve the design
until the desired specifications are met.
Thus in design automation using a form
of aruficial intelligence. the computer
decides what actions to take and carries
out the design tasks with little or no
human intervention.

Design automation is in a relativeiy
primitive state compared to CAD. and
represents one ot the last fronuers in
cuting design time. cost. and errors.
Several reviews 5, o=t ot the status of
desten automation are directed to <pe-

D-15
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cialists in the field: this article wiil pro-
vide an overview of design automation
for scientists and technologists who are
not involved in integrated circuit design.
A brief introduction to integrated cir-
cuits and their fabrication may be helpful
in demonstrating the necessity for
streamiining the design process. For sim-
plicity, throughout this article we con-
fine our discussions to digital circuits.

Integrated Circuits and
Their Fabrication

An integrated circuit i1s a circuit con-
tained on (or in) a continuous piece of
solid matenal (usuaily silicon) called a
die or chip. Components and wiring are
fabricated simultaneousiv onto an inte-
grated circuit. (In contrast. discrete
steps are required for placing compo-
nents and wiring onto a printed circunt
board.) The circutt itself is usually speci-
fiec bv a logic diagram. which s an
inter-onnection of logic gates.

Digital tbinary) logic is composed of
logic circuits. A logic sircuit 1s realized
with logic gates. each of which has in-
puts and outputs and performs a logical
operation. In such an operation a set of
variables having the compiementary val-
ues 0 and | are treated as “false™™ and
“true.”” respectiveiy: transiated 1o ¢iec-
tronics. a 01s usuallv implemented vath
a low voltage faround M and it | s
usually impiemented with a relauveiv
high voltage taround § voits). Addition.
subtraction. storing. counung. ¢ontroi-
ling. and many other funcuons are
achieved bv specific interconnections
among logic gates.

Figure | cives names. svmbols. _nd
truth tables tor some simple lowic gates
and theiwr corresponding vperations. A
truth table shows the inputs on the lett ot
a vertical line and the outputs on :he
right. Thus the truth table tor the AND
gate shows that the output, Y. 1s | oniv af
hoth inputs A and B are 1: the output 15 0
for any other compination of inpuis

The bnary fogre of dignal crreuts may
be impiemenicd b transistors, wmien .t
as swatches. By connecting trunaistor < in
different wavs, inv desired crectte e
crrctit tuncton can be reansed Intecnat-

cd CIreLHs. commoniy 28 o sa e




cenumeter m arca and apout | miliimeter
tnicin. one their compactness o tius ba-
sic crcutt element. Todin . an integrated
CITCWt My contain rom ten to hundreds
of tnousands of transistors. cach meusur-
nz abou! 130 sauare nuCrometers.

Tne complenits of an integrated circutt
1» descrited by the number of trunsistors
it contains. In smull-scale ntegraton
(SSh a chup contains up to 100 transis-
tors. Subsequent leveis of complexity
include medium-scaie integration (MS1).
with up to 1000 transistors: largz-scale
integration (LSH. with up 10 10.000: and
verv large scale integrauon (VLS. with
more than 10,000 transistors. An inte-
grated circuit 1s three-dimensional and
can consist of up to 12 lavers. euch laver
being composed of a semiconductor. a
conductor. or an insulator.

The semiconductor is usually silicon
to which small. controlied amounts of an
impurity icalled a dopant) have been
introduced to provide carners for cur-
rent. Semiconductors are of two tvpes.
In an n-doped semiconductor. a group V
element (for example. phosphorusi is the
dopant and provides electrons as current
carrters. A p-doped semiconductor con-
tains a group 111 element (for example.
boron). which provides positive. elec-
tron-deficient regions caited holes as cur-
rent carriers. Larger amounts of doping
produce higher conductivities: the sub-
strate. or supporting matenal tor the
circuit. 1s usually lightly doped with ei-
ther type of semiconductor. Electrodes
of transistors are made of semiconductor
material. but usually contain more dop-
ant than the substrate.

The conductor may be a metal (for
example. aluminum) or polysilicon. a
polycrystaliine form of silicon that has
been heavily doped. Strips of conductors
form electrical connections within and
between circuit elements. The insulator
is usually silicon dioxide and is used to
separate conducting regions where no
connections are desired.

Integrated circuits contain several lay-
ers of various combinations of differently
doped matenal. interconnections. and
silicon dioxide. In the fabrication of inte-
grated circuits. the layers are added one
at a time. A template called a mask
determ’~=s the pattern for each laver: 12
masks would be required to make an
integrated circuit with 12 lavers. Fabri-
cation takes place by various multistep
combinations of oxidation. mask protec-
tion. etching. diffusion or ion implanta-
tion. and vapor deposition. The whole
cycle can take 4 weeks 1o several months
on a commercial production line.

At various stages the chips are
checked for possible defects. and thor-

ough tuncuona tesung s sone atter thetr
completon. Because ot tneantegrul ne-
ture of integrated circuits. a detective
chip cannot be repatred: it must be dis-
carded. Derects have two origins: mant-
racturing and design.

Manufacturing derects are rundom and
will affect u certain percentage of chips
an a statistical basis. The vield. the num-
ber of good chips divided by the total.
dgecreases as the acuve chip ares (the
area occupied by components and wir-
ing) increases. For a chip 0.2 inch on u
side. doubling the active chip arca
causes a nearly sixfold decrease in vield
(9),

A design defect is traceuable to one or
more of the masks and will. of coursc.
affect all chips in that fabrication scries.
Some design defects are detectable eariy
in the fabrication process: if a design
defectis found. the process can be hulted
and the defect corrected. In some cases u
second iteration of design and fabricu-
tion is needed to correct design detects
in the first-pass chip.

Two economic reasons dictate that
redesign and refabrication be held to a
minimum. First. design and production
of an integrated circuit are extremely
expensive. Second. delay in getung the
chip to the marketpluce results in lost
sales and ioss of a potential share of the
market. To minimize the necessity for
redesign und refabrication. the design
process must generate @ valid set of
musks.
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Fig. 1. Names. svmbols. and truth tables for
some simple logic gates and their correspond-
ing logical operations.

General Design Procedure

The mush set that begins tne Lirsoe-
ton process 18 the goul o the desien
process. To design an integraica cirour
means 1o transtorm 4 [Wnchon.ai spoai-
cation into mashs that are reon. for
turrication.

Integrated circuit design can ro purts-
toned Into two Mujor tasks: 1ozic spedil-
cation. in which the goal 18 u lowic dra-
grum that accurately represents the de-
sired electronic function. and rhysical
specification. in which the goul 1~ un
cruct descniption of the pnveaical oca-
nons of all circuit elements and thair
interconnections on the chip. The design
Lusks are carned out by conunuously
nerainge between synthesis. the creative
act of constructing a given part of a
design. and  verificanon.  determuning
wnether or not the design will pertorm
according 1o specificatons. That s,
designer creates part of a design, vennes
1L, uses the results of the venficaton to
modity or correct trecreate) the design.
reverifies 1t and ~o on untl, much later.
the entire design s compictely synthe-
sized and verified.

Often a hierarchical approuch is tuken
in which a total design v decomposed
into several simpler. functionul modules.
each of which may be broken into sub-
modules. and so on unul the submoduies
are simple enough to implement. (Hier-
archy has the cfiect of reducing alarge.
unsolvable problem to several smaller.
solvable problems.) Figure 2 illustrates
hierarchical leveis of an integrated cir-
cuit. At the highest level, the circunt
itself can be partitioned into functional
modules. At lower levels. each function-
al module can be decomposed into logic
gates which. in turn, are represented by
interconnections of transistors. At the
lowest level. the transistors and their
interconnections are described by phyvsi-
cal structures.

At each level. each submodule and its
interconnections with other submodules
must be specified. Both svnthesis and
verification are performed at all levels.
and verification is alwavs needed when
going from one level 1o another in either
direction in the hierarchy.

In the era of SSI. a circuit could be
verified by phyvsically constructing 1t
from discrete circuit elements on a ¢ir-
cuit board and submitung 1t to exhaus-
tive electronic testing. A major problem
was that the discrete circuit elements
often introduced extraneous electrical
effects not reflective of the integrated
circuit. With increased levels of integra-
tion the circuit board approach soon
became impractical. and it 18 n this
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verification category that much of the
existing CAD tools have been created. In
particuiar. simulation. in which the oper-
ation and performance of a circuit or
system 1s predicted by a computer pro-
gram. 15 now widely used by designers.

Figure 3 presents an overview of the
design process. fabrication. and testing.
Steps (ai through (h1) consuitute the tasks
necessary for logic specification: nor-
maily many iterations are needed betore
a successtul first-pass specification is
obtained. At (a) a functional conception
of the desired svstem is generated (syn-
thesis). As a first approach to verifica-
tion. a functional or system-level simula-
tor {h) can check for satistactory com-
munication among functional blocks in a
total system. Next. at (¢) each block 1s
expanded into smaller modules that go
through a compiex cycle tr) of svnthesis
and venfication and can be added to a
library td) for reuse in future designs. A
part of the designer’s input is a net list.
which specifies the modules and how
they are connected. These modules can
be retrieved from the library () or newly
constructed if they do not already exist.
At {e) a logic simulator can check the
design for correct tunction (vernfication::
if the vennficauon fails. then the designer
modifies the specificaton [back to (o) or
ta1}. Next. a uming simufator (f) can
determine  whether the pertormance
speed requirements ot the crreuit will be
satistied and can detect the critical paths
ithe paths whose speed limits the per-
formance speed ot the chip). Timing sim-
ulators afso indicate whether expected
delavs of the circuit elements will cause
undesirable circutt behavior. such as rag-
ing tun error that occurs when a device
receves contlicung inputs at neariv the
same ume). The design may agamn be
modified unui acceptable results are ob-
tatned.

An actv ity usually performed in paral-
fel with the design s the creation of a set
of test vectors (¢J that will be used to test
the chip after tubnicanon. Test vectors
are sets of values that. when appiied to
the inputs of un integratec “ircuil. gener-
dte outputs whose values are known tor
4 properiy working circutt. An deal set
ol test vectors thoroughiv exercises all
parts ot the chip and detects all taulty
crreurt elements. At ter an mmittal set of
test vectors was created to ne used for
the fowic simulation: usually the resutlts
ol the simutation indicate changes to he
made 10 e design and inthe test vee-
tors. The modifed set ar test vegtors s
Used next in the siming ~imuiation. and
DErNADS IS Modined agatn. In rractce. a
SCUOT et vetors covenng i possiple

CAUTES PY reduire too MmuCch terime nimes:

BTN AN

a compromise subset of test vectors 1y
often selected. and a tault simuiator (/)
can determine whether the subset s
good enough to test the fimished device.
Often, further desig  modifications mav
be needed if fault simulation indicates
that some possible key faults cannot be
detected because they are buried too
deeply in the design.

At (i) physical specification begins
with lavout. which determines the exact
locations of the transistors on the chip
and specifies a wiring pattern that will
interconnect taem. This phase of the
design involves translating every efe-
ment and its interconnections into a
physical descnption and assigning 1t a
location. [The average number of tran-
sistors that can be manually laid out per

person per dav lies somewhere hetween
3 and 40. depending on the recuiartty ol
the configuration (/.| Next. more vert-
fications (/) must be performed (o make
sure that design rules trules pertaiming to
width, length. and spacing imposed on
the geometncal features of an integrated
ctrcuit by the process technology) and
electncal rules tfor example. each eic-
ment must be connected and there must
be no shorts between power and ground
are obeyed. Sottware tools currentiv
available for these tasks are the design
rule checker (DRC) and the electrical
rule checker (ERC). If the design vio-
lates any ruies the lavout must be modi-
fied unul all rules are obeved.

When a satistactory lavout has been
obtained. et another venfication s

Functional level

Chip made up of

functionai biocks

Fig. 2. Hierarchical decompo-
suon of an integrated circuit
into functional. fogic, transis-
tor. and phvsical levelrs.,

Logic level

Functional blocks
made uo of logic

gates

- - ' Circuit level

Logic gates mace up

of transistors

- Layout level

Transistors constructec
by chvsSicAl layers ot

materiil (122 vierw)
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needed. Un to this point. uming simuia-
nons had been Duascd on approvimate
detavs petween circuil clements. be-
cause their exact locattons were not vet
known. Exact deiayvs depend on e
icnath and composition of the conduc-
us e patns: a signad takes longer to attan
its Nnal value througn a lonz polvsilicon
path than through a short metul one.
Now that alt locations and path iengths
are known exactly. this informauon s
used 1o extract exact delavs (k). which
are fed back into the timing simulator (/).
If any uming errors or unacceptabie de-
lavs are found. the lavout or the design
must again be modified and the DRC and
ERC again used.

When a satisfactors lavout is ob-
tatned. a program decomposes all geo-
metrical data into rectangles and gener-
atas a pattern generator tape tm). The
pattern generator tape contains all topo-
iogical informanon about the javout and
i~ used 10 a mask-making machine to
generate the mask set for fubnicauon. In
the test vector loop a program generates
a test vector tape (n) that will program
the tester.

Finallv. the chip s fabricated (o). test-
ed (p). and packaged (¢). Figure 3 pre-
sents a simplified view of the design
process: 1n actuality many iterations are
needed between synthesis and verifica-
uon.

On the right of the flow chart the
characterization of the smafl modules (r)
follows steps similar to those in the left
part of the flow chart. First the module 15
represented by a logic diagram and veri-
fied with timing simulation. The next
step in the hierarchy is the circuit dia-
gram. followed by circuit simulation tnot
used in the left part of the flow chart). A
circuit simulator fine-tunes the design of
the module by simuiating the behavior of
the individual transistors and their inter-
connections. Next. custom lavout man-
ually defines all physical devices. After
design rule checking, circuit extraction,
and resimulation the module has been
completely characterized and is ready to
be used in the circuit or added to the
library.

Total design automation. in which the
desired circuit behavior is specified at
one end and a set of masks comes out the
other is. as yet. seldom realized. Howev-
er. computer programs that automate
portions of the design process have been
and are being written. Because the lay-
out phase is currently the most time-
consuming and error-prone stage of inte-
grated circuit design and because rela-
tively simple decision-making algorithms
are needed here. the first efforts in de-
sign automation have focused on this

phase. Evisuns design automation pree-
Srums Use Various structured approache~
1o the method of aesign icalied the “"de-
sign methodology "1,

In o “full-custom™ chip. transistors
are manualiv placed one at o ume. re-
quirnng the tull fabnication process for
cach design (other methodoiogies to be
discussed allow some degree of prefabri-
cation). Although hierarchical design can
reduce time and cost o some extent. the
full-custom chup has the longest turn-
around ume and highest cost of anm
methodology. Sull. in some appiications
this 1s the methodology of choice. Mun-
ual placement bv human being~ v thu
best talbeit the slowest) wav to achieve
the most efficient packing of transistors
and. therefore. the smallest size (smaller
size resuits in lower manufactuning cost
and higher ytelds). If a very large number
of idenuical chips are to be fabricated.
the design tume and cost of full-custom
design can be amortized over ull chins
sold. Also. applicauions 1in which high
performance tspeed and poweri s cnite-
cal may require the full-custom design
process.

Established Design

Automation Methodologies

At present. onlv two methodologres
enjoy widespread use: standard cells und
gate arrays. In the standard cell (or poly-
celh) approach the designer. instead of
constructing a circwit “from scratch™
out of transistors, uses u library of cells
that represent predefined logic func-
tions, usually at the logic gate level.
These celis have been constructed from
individual transistors. and the cell di-
mensions. performance. and electrical
characteristics have been optimized and
recorded.

To use the standard cell approach. the
designer first constructs the design by
using logic functions represented in the
standard cell library. The next step is to
give the computer information teiling
what logic functions are in the design and
how they are connected. Design descrip-
tions are entered into a computer system
by one of two methods:

1y Graphics schematic entry, The de-
signer ‘"draws’’ the schematic onto a
monitor with a set of graphic symbols
that represent logic functions. A comput-
er program translates the graphic sym-
bols into a machine-usable description of
the circuit. Of the two methods. this one
is easier for the designer to use but
requires more hardware and software.

) Hardware description languace.
The designer translates the design into a

h;xrd\\uru JUNCTIDUION Jangiaee . conelai-
N2 o wntten Jdescrnplion sImuas te
computer program. This desenipuon s e
turn transiated 1nto a machine-usaidle <ir-
CUIL JeSCTINLION (48 IN Zraphics scNemuati.
entrys. The method requires tess harg-
ware and sottwarz than grapmics senc-
muug entry . bul tne designer must jcarp
a specialized language. The possibility of
creating hard-1o-detect discrepancies be-
tween the schematic and its description
15 a major drawpack of the method. Also.
the danger of introducing errors during
design revision has doubled because
changes in the design must be made botn
to the schematic and to the language
descrniption.

The circunt 1s then verified by simula-
ton. using the known. predefined char-
actenistucs of the cells tn the cell hibrary .
The nent tausk 1s placement. 1n which
celis are luid out in rows with spaces
reserved between the rows for winng
chunneis. Conncction poimnts for aput
and output. called bonding pads. are
placed around the perniohery of the chip.
Cells huving many conncctions in com-
mon arce piaced close to cach other. and
those that connect to bonding pads are
placed near the edge of the chip. In some
design automation systems, piacement is
done automatically by the softwure: in
others. the designer specifies the place-
ment: in still others. software plucement
is done initially with destgner interven-
ton if difficulties or special cuses arise.

Most successful placement algzonthms
are heunstic and use directed forces.
vectors represenung the direcuon and
distance between interconnected biocks.
In most placement algorithms the critena
for success are minimization and uni-
formization of the crossing count (the
number of wires crossing each terminal
position in a cell row) and minimization
of the combined wire length of all con-
nections (//).

Two major groups of placement algo-
rithms are constructive placement and
iterative improvement of placement. The
constructive placement algorithms 1n-
cludz the epitaxial growth algorithm. n
which manual placement of a few mod-
ules is used to start the process. The
algorithm finds the next unplaced mod-
ule with the maximum number of con-
nections to the placed modules. Then it
moves the module into the best available
position. finds the next unplaced module
with the maximum number of connec-
tions. and so on. until all the modules are
placed. The best position for a module 1s
found by trving all available rositions
and mimimizing the length of the connec-
tions or by placing the module nto a
zero-force position. [For every module
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there is an equilibrium position where
the total pull from all other modules is
zero. A zero pull is equivalent to the
mintmum length of the wire for all con-
nected signals (/D].

The placement improvement group
makes small local changes. such as pair-
wise exchange of modules. in an attempt
to improve placement. After one ex-
change the crossing count or wire length
is recalculated. If the exchange improves
the placement it is retained. Some
schemes accept some interchanges that
worsen the placement in order to im-
prove routability; others accept interac-
tive placement by users.

Following placement comes routing.
in which wiring paths among the cells are
dctined. Routing is done by software that
altempts to minimize wire length or fol-
low's other optimization critena. In stan-
dard cells the width of each wiring chan-
nel is vaned to accommodate the wires it
contains at the most populated point. In
some software systems algorithms are
used to iterate between placement and
routing to optimize the total wire length
and critical path length.

The channel router has been the main
routing algonthm tor standard cells for
many vears. and is designed for routing
where the points to be connected are in
parallel rows. Routes are wired by using
horizontal tracks on one luver und verti-
cal tracks on another laver. The variable
channel width guarantees that all con-
nections can be made.

In Fig. 4 the lavout of a typical stan-
dard cell is compared with that of anoth-
er methodology. the gate arrav. In the
standard cell the width of the wiring
channel 1s vanable: winng is clustered
toward the center of the wiring channels.
with some wasted space toward the out-
er ends.

Advantages of the standard cell meth-
odology are:

1Y Rupid design turnaround time. if
everything is done with software. layout
of an LSI circuit of around 10.000 tran-
sistors may be accomplished in a few
months iastead of a vear or more. Logic
specificatton. lavout. opumszaton. and
charactenization with regard to delays.
dnive capabiiity. and loading are uli es-
tablished when the cells ure added to the
cell library. and these operatons do not
need to be repeated at the cell level for
cuch design.

2y Flewibifirv. Designers can handle
special tunctions Py creating new ceils.
chuaractertzing them. and adding them to
the hibrarv. And thas sleubrinny s selt-
propagating: the arger the librarv, the
vsreater che clevmiling jor tuture Jde-
NS

PRI

Disadvantages of standard cells are:

1) Wasted chip area. The area occu-
pied by the wiring channels can easily
exceed 50 percent of the total chip area.
Because channel width is vanable. the
width of a wiring channel must accom-
modate its greatest requirements. Some
designs may turn out to be impossible for
the computer to place and route within
the area restrictions of the chip. If a
great deal of designer intervenuion is
needed. the advantages of automation
are lost.

2) No savings in fabrication time.
Each chip must go through the complete
fabrication process.
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Fabnication time can be saved by using
a programmable array. which contains
repeated cells independent of anv partic-
ular circuit implementation and which
can be customized by modifying specitic
mask lavers. Programmable arravs are
parttally prefabricated chips: that 1s.
large volumes of identical arrays ure
manufactured and stockpiled. Then.
when a designer wishes to implement an
integrated circuit, the interconnections
for the particular circuit are specified 1n
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The most common programmable ar-
ray is the gate array (also called a mas-
ter-slice or uncommitted logic array). a
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“two-dimensional matrix of identical

cells. each containing a fixed number (4
to 20) of uncommitted (unconnected)
transistors separated by winng channels
(12). A circuit is constructed by specify-
ing the interconnections among the tran-
sistors within and between cells on the
final contact and metalhizaton layers.
From a user standpoint. gate arrays
are like standard cells. Gate array de-
signers construct their circuits by using a
cell library (sometimes called a macro

library) of predefined logic elements. and
use graphics schematic entry or a design
language to enter the schematic into the
computer system. The task of placement
is stmilar to that with standard cells.
Rouuing of a gate array may be started
with a channel router and then ““cleaned
up’’ with a Lee or line search router. The
Lee ignd expansion) router works on a
grid and is based on expanding a wave
from one point to another. At each step.
grids on a diamond-shaped wave front

Table 1. Companson of design methodologies.

. Gate Standard Full
Characteristic array cells custom
Design time Shont Short Long
Fabrication time Short Long Long
Chip area Large Intermediate Smail
Cost Low Intermediate High
Versatility Low Intermediate High
Turnaround time for minor redesign Short Intermediate Long
Standard cell Gate array
Variable width celis Cells
P-4
LK 2P
F . ds
% B # ';_' kX i_-""“ 8onding pe
) EY L 14 k A1 pads
™ Flxed
\: Variable channel
width width
wiring
channels
- Wiring
e A 1z,

Test functions

Test functions

Fig. 4. Comparison of standard cell and gate array methodologies. The standard cell has
variable cell and wiring channel width, whereas both are fixed in the gate array.

Fig. 5. Completed integrated circuits. On the left is a photomicrograph of a portion of a circuit
implemented in standard cell technology. On the right is a computer-generated graphics

representation of a routed gate array circuit.

are expanded one step further. avouding
obstacles and previously used gnd
ponts. Each grid point through which
the wave passes 1s marked with a code
that stores the direction to the source of
the expansion. Once the target pont has
been reached codes are followed n re-
verse order to yield the shortest path.

The line search algonthm i1s gndless
and finds a connection through a maze of
obstructions. It runs vertical and hon-
zontal expansion lines from the two
points to be connected. If any line en-
counters an obstacle, the router takes a
perpendicular path until a line parallel to
the original one can pass by the obstacle.
Two expanding nets are thus created and
the process is terminated when expan-
sion lines from both nets intersect. creat-
ing the desired connection. Although this
algorithm does not yield the shortest
path. it requires substantially less com-
puter memory and runs faster than the
Lee algorithm in most cases.

Because of the restrictive wiring ca-
pacity of gate arrays. either of the two
routers may not always achieve 100 per-
cent routing. and user intervention may
be necessary.

One major difference between stan-
dard cells and gate arrays is in the con-
struction of the logic elements. Whereas
a standard cell logic element is custom-
built from individual transistors. a gate
array logic element is defined by con-
necting transistors already contained in
array cells. A second major difference
has aiready been mentioned: whereas
the width of the routing channels is vari-
able in the standard cell, the array cell's
routing channels have a fixed (but not
necessarily uniform) width (Fig. 4).

Advantages of the gate array method-
ology are:

1) Rapid design turnaround time. The
savings in design time are the same as in
the standard cell methodology.

2) Low cost. By prefabricating the
chips the cost advantages of mass pro-
duction can be realized for low-volume
production.

3) Short fabrication time. Since only
the final metallization layers need to be
made, fabrication time is drastically cut.

Disadvantages of gate arrays are:

1) Wasted chip area. Gate arrays typi-
cally waste more area than standard cells
do because the individual positions of
the transistors cannot be optimized: in
fact, some transistors may go unused.
Also, 10 to 30 percent of the gate array
cells may be wasted because wiring
channels may run out of space if more
than 70 to 90 percent of the available
cells are occupied.

) Decreased flexibilirv. Fewer circuit
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functions can be realized than in stan-
dard cell or full custom methodologies
(for example. analog functions are diffi-
cult to implement optimally on a gate
array).

3) Possible wiring restrictions. Be-
cause of the fixed wiring channel width,
a particular design may contain too many
logic elements to be routable. In that
case the recourses are (i) use of a larger
array if one is available. (i) designer
intervention and hand-routing of difficult
interconnections, (iii) partitioning of the
device onto more than one chip. or (iv)
reverting to the standard cell methodolo-
8y
Figure § shows parts of a wired stan-
dard cell design and of a gate array. The
photograph on the left is of an actual
standard cell, while the photograph on
the right is of a plot of a gate array
obtained with an interactive graphics
system. Notice the differences in wiring
channel width between the two method-
ologies and the amount of space devoted
to interconnections and bonding pads.

The difficulties of placement and wir-
ing may limit both standard cells and
gate arrays to the LSI level of circuit
complexity (3). On the other hand. the
difficulties encountered in the layout of
VLSI chips may require that automation
be used for large designs. At the present
time both the standard cell and gate
array approaches provide designers with
quicker. less expensive alternatives to
full-custom chips. Also. designers in ei-
ther standard cell or gate array method-
ology need not be ‘‘silicon sophisti-
cates.”” Table | compares the gate array.
standard cell. and full-custom design
methodologies.

Programmable Logic Arrays

Another programmable array that is
established but not as universally appli-
cable as gate arrays is the programmable
logic array (PLA). It consists of two
rectangular arrays of gates called AND
and OR planes. The gates in both planes
can be customized by connections in the
final metallization layers.

Any desired logic function may be
realized by combinations of AND and
OR functions and their complements. In
a PLA. ANDing is done first by entering
the inputs into the AND plane along
parallel connections. The results of the
AND vperations are then entered into
the OR plane perpendicularly long par-
allet connections. The results of the OR
operation are output on parallel connec-
tions and can be fed hack into the AND
plane for anuiher set of operations if

19 APRIL 1yx?

needed to perform the desired function.
Area reduction of the PLLA is achieved
by logic minimization, folding (permuta-
tion and splitting of rows and columns),
and partitioning (/3).

Programmable logic arrays represent
almost compietely automated design—in
areas where they are appliicable. To use a
PLA the user specifies the logic func-
tions to be implemented. After being
processed by logic simplification soft-
ware, logic equations are used to pro-
gram the PLA for the desired function.
The regular structure of PLA's makes it
possible to go directly from the simpli-
fied equations to the mask set without
placement, routing. or any other inter-
mediate steps. Often the design cycle is
shortened further by mapping into a pre-
fabricated PLA structure. thus requiring
a single masking step. PLA’s, however,
have limited applicability; they are poor
for many logic functions. especially
where timing is critical. PLA’s find the
most use as specialized parts of other
chips (for example. control logic of mi-
croprocessors). In addition, field-pro-
grammable logic arrays are available that
can be customized electncally by the
user.

In addiuon to the global design meth-
odologies already mentioned. several
shortcuts are being developed to opti-
mize various steps in the design process.

Design Shortcuts

Svmbolic layout. Designers describe
transistors and their interconnections
and locations in a particular circuit by
using predefined symbols on a cathode-
ray tube terminal. Once stored. a sym-
bolic layout may be called up and auto-
matically implemented in a particular
technology: thus the same design may be
adapted to changes within a technology
without changing the layout description.
Thus., when an existing technology is
scaled down (dimensions are reduced by
some factor), only a few key design rules
need be changed in the stored lavout
descniption: a new layout is not required.
In one symbolic layout system, design-
ers represent theiwr designs on a floating
gnd by manipulating shapes and lines.
mapped one-to-one with transistors and
interconnections (J). Compaction pro-
grams exist that attempt to condense the
layout to improve chip area use.

Bristle blocks. In bristle blocks func-
tional circuits are defined as rectangular
modules having specific interconnec-
tions "bristles™). These modules have
been predefined and presimulated. and
are ready to be conpected to one another
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by ‘‘intermeshing’® the bristles. The
claimed advantage of the bristle block
approach is that there are no routing
paths needed outside the blocks: all the
necessary connections are made auto-
matically at the edges. However. a major
limitation is that each block must inter-
act only with its immediate neighbors.
Because of this limitation. bnistle blocks
may find the most use in computer-type
chips, where all blocks are organized
around a common data path.

Conclusions

Chip design is a long, complicated.
and expensive task. and even the small-
est error can be fatal to a project. As
ctrcuit complexity increases to VLSI.
design tasks are becoming astronomical-
ly expensive, time-consuming. and er-
ror-prone, and manual implementation is
impractical or unfeasible. A constraint
that design automation will always face
is that of solving problems of the next
generation with tools of (at best) the
current generation.

Design automation remains the hope
of VLSI designers for getting their chips
to the marketplace in a reasonable
amount of time and for obtaining a com-
petiive price. Design automation not
only saves money by reducing design
and fabncation time. but also helps the
community of systems and logic design-
ers to work more effectively and innova-
tively. A coherent. user-friendly., com-
pletely automated system of integrated
circutt design that requires little or no
human intervention has vet to be real-
1zed by many design institutions. Im-
proving and integrating existing design
automation software packages and in-
venting algonthms will continue to occu-
py industrial and academic institutions
for many years to come.
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MANAGEMENT ISSUES IN COMPUTER AIDED ENGINEERING

Invited Speaker, Dr. Harry G. Schae(fer
Schaeffer Analysis, Inc.

latroduction

Enginecrs have been on cthe leading edge of using computer technology in analysis buc,
bewilderingly, we have not benefited from the CAD/CAM revolucion. The reason for being
lost in the backvater of comsputer usage is that we have traditionally been a slave to the
monolithic corporate computer and the batch environment. Our only reminder that there is
a revolution out there {s the ubiquitious green storage tube display devices which allow
us to display finite element models and graphical outpuc.

We learned, at the First Chautauqua on Finite Elements(l), that the drafting depart-
ment was creating a data base of geometric informstion that was potentially useful for an-
alysis. And we also learned that the turnkey CAD/CAM vendors were starting to recognize
the potential market for systems which supported aot only drafting but also other design
functions such as solid modeling, analysis, and simulation. This recognition lead almost
immediately to the need for more computer power than could be obtained from a 16 bit mini-
computer, and in the two years since the First Chautauqua we have seen all of the major
turnkey vendors move to ifncorporate 32 bit processors (n their systems.

The evolution of turnkey CAD/CAM systems which incotporate application software, an
ergonouwic man/machnine inferface, and high resolution color raster graphics has given the
engineering manager the potential of i{ncreasing the productivity and quality {n the engin-
eecing office. However, with the new technology comes s new set of issues for management
to undecstand snd to deal with.

In trying co satisfy a local need for increasing productivity by using computers it
quickly becomes obvious that the issues are global in nature cather than being local
{ssues that sucb-sector msnasgers can deal with autonomously. These global issues i{nclude
corporate economic policy, possible revolutions in corporste organfzstional structure, and
labor relations, in addition to the more tractable technical issues. Those {ssues chat wve
will address tn this paper are as follows:

. The meaning of productivity

. The role of CAE in Computer Integrated Manufacturing
. The state of the art of turnkey CAD/CAM

. The iaterface between design and analysis

. Application software fo engineering analysis

. Education and training

To a large extent these {ssues were addressed by participants at the Second Chautauqua
on Productivity in Engineering and Design(2) which was held in November 19£2. [n discuss-
fng the (ssues [ will rely libecally on ldeas which were discussed at the Second Chautauqua.
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what 1s (omputer Aidec tngineering (CAL;-

" Before discussing tne issues of CAL it's worthwhile te make sure we all agreec on what
Computer Atded Engineering entails. We are talking about a subset of all corporate activ-
tties; the subset that has been truditionally called engincering. These activities encom-
pass all of the tunctions that lead to a set of design documents which are then used by

sanufacturing to create a product. The process of cresting the design documents has tra-
ditionally been associated with the following activities

. Conceptual desjign
. Testing
. Analysis

. Detailed design and drafting

The CAD part of the CAD/CAM acronym has been taken to wean several things. However,
siace the turnkey CAD/CAM systems have, at least until this time, been viewed privarily as
automated drafting systems it seems consistent to consider CAD to be the drafting and doc-
uaentation subset of Computer Aided Engineering. It is aleo of interest as we talk about
the Alphabet Soup of Computer Aided Everything (which was described by Jack Conaway in his
keynote address at the Second Chautauqua) to note that the use of the acronym CAE hae been

used by some organizations to refer to only asnalysis tasks such as finite element modeling
and kinemacics.

Productivity -

There seems to be a growing awareness that productivity can sean much more than the
syopic idea of increasing the number of units produced in a given time. The use of
computer aided tools throughout the organization means better communication between
individuals, departments, and divisions; it means s consistency in performing mechanical
tasks, and an increased quality in the “product”, whether that product is a finite element
analysis, an engineering drawing or a robot-controlled weld. The issue of productivity
seans jobs and survival for many segments of American industry. There's a real issue here
on productivity. Management defines productivity from s macro view point whereas labor
defines it from a micro view point. On & recent talk show on the Public hroadcasting
System which was discussing the relationship between labor and management the moderator
asked each of the panelists 1if the the “American Worker™ was the most productive worker in
the world. Two of the panelists who were part of the labor movement were adament in
saying "yes, American wvorkers are the most productive in the world...When it come to
putting three nuts on three bolts, we can do the job as well as anyone.” They both went
on to put the blame for any price advantage that foreign companies might have squarely in
managenents lap for failing to make the capital investment in productive tools. However,
in cthe very next breath, labor decried the movement by several large manufacturing organ-
izations to sutomate production because that threatens labor jobs.

The use of computer aided tools to increase productivity requires attention at the
very highest levels in the corporation. Bells Gold(3) so aptly pointed out that the
criteria which management uses to choose among alternative proposals has lead to serious
uader estimstions of prospective benefits for technological innovation and to unduly slow
rates of adoption. Gold suggests that the present methods are unsuited for evaluating the
acquisitions of CAD/CAM systems because they tend to share certain common incorrect
assuaptions:

l. That the equipment will operate as an “lsland of Automation”.

2. That the technological fallout associated with the capabilities of the
equipment are well known and will not change after installation.

3. That the productivity of the new “Island of Automation™ can be estimated to
wvithin reasonably close margins.

4. That sub-sector managerisal and technical specialists sre best able to judge
the advantages and limitations of the prospective acquistion.
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Uc. Richacrd Hartuang(%) alsc noted the problea assoclated with developtag “lslends of
Automation”, and suggested that companies need a high level Czar to successfully implement
coaputer aided tools throughout the organizaction. Thia CAD/CAM Czar sust be above all
operational user organizations and aust have an understanding of all of the technologfical
and managesent issues and have the power to develop and {mplement the corporate plan.
Hartung and Gold are suggesting the same thing...we can't continue to do business in the
same way. Organizations will have to change, and one change will be to define a new line
sanagenent position, “Vice President of Survival”.

Technology of Computer Alded Engineertiny
The technological foundacions which are required to support the activities of Computer

Aided Engineering and to tle design inco the rest of the corporate activities are more-or-
-less availsble. These basic bdutllding blqcks are

« Low-cost high pecrformance conp;ters

. Interactive operating systems

« Computer graphic displays

. Effective computer/user hardware devices

. Computer networks

Data base and data base managemeat software

. Third generation application software

Software intecrface standacds

. Distribuced training and education
Low Cost Computers

Jack Conaway(5), in a futuristic projection, suggested that we would see an engineer-
ing workstation on the macket by 1985 chat would include

. A 32 bit computer on a chip with the power of the Digital Equipment Corpocra-
tion's VAX11/780

. High resolution color raster Scan graphic display device

. A digitizing tablet and a cational (non QWERTY) keyboard for communicatioa
with the computer

. A videodisc unit for intecactive computer based documentation and training
. Lots of highspeed mass storage
« At least a megabyte of high speed memory using 64K chips

Sound familiar? These are the features that are available today on several announced pro-
ducts (perhaps ainus the videodisc and the non QWERTY keyboard) such as the Apollo Domain,
the Massachusetts Computer MCS00, the recently announced Hewlett Packard 9000, the WICAT
Systems: System (00, (and who knows what the rumocred IBM professional coamputer will sup-
pore). These computers together with superminis such as the VAX11/780, che Prime 850, the
[8M434l, etc., provide the end user with the power of yesterday's mainframe in an inter-
act{ve environment for about $10,000 per seat.

Does that seem high? Should engineeriny managecs be preparing to spend $10,000 per
engineer for computer hardwate? Lec's look at that quescion a couple of ways. First,
let's cake a look at productivity, and lec's suppose that the availability ot computer
resusurses (never mind what they do at this time) will save our engineer four hours per
weux. That's 200 hours per year and, at a rate of $50 per hour, we have paid off the
hardware investment in one year. Now, let's approach the 510,000 {n a mote {rrational
tashton. My ficsc tndustcial position was with AlResearch i{n Phoenix and was (n the
pre-compiuter days. But we did have wechantcal calculators, rooms full of them, Almost
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My point is that powertul coaputers which can support locael cogputastional neea- are
now available in the marketplace. And the cost of the hardware {s withir the bugget
all companies who want to be among those that survive over the next five years.

Integrated CAE Systeas
The hardvware and softwear bits and pieces do marvelous things, but they don't comauni-

cate very well. On the hatdware side there seems to be some hope, but on the application
softvare side wve have seen little or no progress. At any rate alsost any marketing manager

8 hardware or software coampany can describe your company's CAE future by using
Integrated Manufacturing (CIM) Wheel of Fortune which is shown in Figure 1.

This implies that each of the functional areas involved in manufacturing and design has
vell defined application software that is tied together through s corporate dsta base and.
which allowvs all sub-sectors to comsunicate with each other. The Wheel thus raises
several issues.

The state-of-the-art of application software
The concept of s corporate data base
Interface standatrds between hetergeneous hardware and software systems

CAE systems generally only satisfy the local needs of sub-sector groups. This
Figure 2 as unconnect‘d islands of automation which have becn identified as

Geometric modeling
Finite element modeling and result display
Finite element ‘analysis

Drafting and documentation

In order to interfsce these islaads we need compunication networks that allow comput-

to each other and software interface standards to allow the various applica-

tion programs to execute effectively on the ssme dats basec. The interconnection of these
islands will then eliminate the regeneration of common dats such as the geometric tepre-
sentation of a design.

The need for software interface standsrds has been recognized buth in the United State
and Europe and has lead to a proposed or accepted standards for both the hardware and the
software/software interfaece. The software/hardware interface such as the SIGGRAPH Core
and the Graphic Kernal Stendard (GKS) are generally of interest to the developers of pro-
prietary software whereas the software/software standsrds are of interest to the end user
organizations vho are attempting to integrate all of the bits and pieces.

The software/software interface that has received the most attention in the CAD/CAM
areas is the Initial Craphic Exchange Specification (IGES) which provides a standard for
exchanging geometric data between dissimilar systems. This standard is limited, at

only simple geometric entities such as points, lines, and arcs. Howvever. even
capability allows geometric dasta, in wire frame form, to be captured on a

turnkey CAD/CAM system and then to be transferred to an analysis processor such as FEMGEM

where it serves as the basis for developing a solid three dimensional

represe¢ntation of the entity.

At present there is no standard representation for a finite element model (and I sus-
pect that the proprietary vendors see no need for one). The pre-and post processor pro-
grams must therefore resort to some sort of neutral file for input and output. The
vendors of pre and post processors generally support the {nterface between their own
neutral file end the world class proprietary programs such ss ANSYS and MSC/NASTRAN, but

the systes integrator to interface "OWNCODE™ to the pre and post process. One

sight comeent on the inefficiency of this approach but if or until the proprietary vendors
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. agree upon a standard we will continue to clog the communication channels with thousands i
i of curd\llﬂges which require excessive computer resources for generation, storage, and f
) $ transmission. Perhaps {t's time for us all to reduce the data representation down to
158 Hofstader's “Golden Braid”(6) and transmit only the data kernal together with the nawe of q
*} the algorithm vhich is required to produce the expanded input data for a target snalysis
- progras...but better yet, why not eliminate the {ntermediate conversion of data by agree-
ing on a standacd software (nterface.

:EF The hardware vendors seem to be way ahead of the application software vendors when it

7 comes to ilanterfaciang computery. There are a nuamber of techniques such as

} « Terminal eamulation

. Local area nectworks

e . Proprietary necworks

;? with interconmection devices called "routers™ tor interconnecting homogenerous local

, networks and “gateways” for commumicating with heterogeneous systems.

o«

L As fan as the needs of CAE are concerned [ think we can eliminate the old work horse i

of the engineering department, terminal emulacion, which allows access to remote
(generally centralized) computers over standard telephone lines. The issue here is the

3\3 rate of information traansfer which {s directly proporational to the range of frequencies
;‘c (the bandwidth) that {s supported. Voice grade lines are only good for about 4000 Hz
N which means that while they might be acceptable for batch computing they cannot support
- color raster devices that require megabits of information every 1/30th of a second.
5N :
5*, Transmission aedta such as cosxial cable, which has a bandwidth of 300 megahertz, or 1

fiber optics with bandwidths in the gigahectz range are more appropriate for the needs of
computer aided engineering. These media are then used to couple computers together in

S, some sort of network topology where the ring, star, and bus topologies are finding wide
S use in CAE systeams.
A
o The last issue in our Wheel of Fortune is related to the concept of a corporate
‘? database. As Hartung told us as the Second Chautauqua, there never has been a.corporate 1
o data base and there probably never will be. As a matter of fact, the advocates of the
corpocate data base are exactly the same people who have advocated the single large
cotrporate mainframe computer (or at least the centralization of all computer resourses).
The introduction of lov cost superwinis lead to the demise of the centralized computer but
} tor some reason we still have adherents to the corporate date base and the Wheel of
, Foctune.
’.
£, The moce aodern view of Computer I[ntegrated Manufacturing is showm by Figure 3 which 1
” represents a networked data base. In this viev each island of automation can develop
autonomously but all tslands can, sad will, be connected together to allowv indirect access
W to all functions and organizational units. This approach will allow each {sland to
{‘\ develop and then gently bump into the adjoining {slands by use of appropriace {actecrislaad
L interface standards.
.:' In the networking approach to automation the Computer Aided Engineering Island can be
:g; vieved in more detail as shown by Figure 4, In this view we see the application tasks 1

assoclated with CAE talking to each other over the network (shown here as a bus). However,
even in this local island the global data base does not Lnclude EVERYTHING, it just
< contains the Laput to aan algorithm which in turn can create EVERYTHING on demand. This

. NICE software and the concept of the local data base have been developed by Fileppa and
- his coworkers at Lockheed(7), and were reported on by Zumsteg(8) at the Second Chautauqua.

.
.
oA

i)

~. Educacion and Training 4
.
- Evecyone's an expert about educacion and training because it's an experience we've all
a had and we have formed definite reactions to that experience. We are amoving incto an era
- tn which all of our background and our pre and misconceptions about education will dn us
& lttele or no good. We have spent 25 years training the one million or $o of us {n the
C engineering workforce but now, stacing us (n the face, (s the need for retraiaing
o8 sore-or-less the entire engineering work force in the remainder of this decade. How can we
ff accomplish this task using tradittnnsl prehistoric methods that do a questionable job of 4
W ~fucating approximately 30,000 enginewrs who 4raduate trom our englneering schools each
“‘1
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Let me¢ give vYou suke morv perspective orn the problem. First, oy tihesis is trat
college gradustes per se will not be a factor in satisfyinp our need for engincers whe are
qualified to use CAL touols. 1 say this for two reasons, I1irst, it takes approximately twc
years to teach a new engineer "the ropes” and secondly the numbers entering industry true
the universities over the next five years will only be the proverbial drup 1n tne oucket
as far as the requirements are concerned.

Accepting the fact that we will not abandon the present labor force to be replaced by
Apple toting college graduates, what kind of numbers are we really looking at? Wwell,
industrial analysts such as Tom Kurlac of Merrill Lynch lnc. have suggested a growth rate
of 30-40 percent in the turnkey CAD/CAM oarket(9). Using this compound growth rate we find
that the number of users five years frow now will be five times greater than those
involved in CAE today. This means that, on the average, we gust train as many people to
use the new technology of CAE each year as are currently involved in CAE.

In order to expand the market for, and therefore the use and benefits of CAE (and all
of the islands of CIM for that macter), we must develop new techniques for training and
educating the users. The only alternative that I see {s the use of computers to help
people understand computers.

Computer Assisted Instruction is not a new idea; its an tdea which has had advocates
such as Norris of CDC and Bork(10) of the University of California for the last two
decades. However, at this time there is only one delivery system for CAl which can
satisfy the needs of distributed CAE. That product, called PLATO, is marketed by CDC and
vas developed, according to Time Magazine for $900 million (that sounds high, the accepted
figure is only $700 million). The need is there but we have one small problem. There are
no software entrepenures who are out developing courseware because there is, at present,
no established market for the product.

In Closing

The field of CAE which people like Ed Wilson, John Swanson and omyself have been part
of for two decades is in its infancy. For example, Kurlac noted in his latest CAD/CAM
report that the move to 32-bit processors will "enable users to design faster and more
accurately”. He noted further that “solid modeling and finite element analysis are two
such tools which are gaining popularicy...”. There are many technological, social,
organizational, and political issues that must be understood and dealt with effectively to
enable it to grow to its potential. However, none is & big as the issue of educating and
training the practioners of tomorrow.
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