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FOREWORD

Thig Finel Technical Report (FIR), was developed under Air Force Contract
#F33615-81-C-5119, Project Priority 1105, entitled "ICAM Conceptual Design for

Computer Integrated Manufacturing.”

This contract was sponsored by the

Computer Integrated Manufacturing Branch, Manufacturing Technology Division,
Materials Laboratory, Air Force Wright Aeronautical Laboratories, Air Force

Systems Command, Wright-Patterson Air Force Base, Ohlo, 45423. This project
was administered under the technical direction of Captain Ricnard R. Prestoa.

This document, Volume I, of the Final Technical Report, contains the
Project Overview and Technical Summary for the ICAM Conceptual Design for
Computer Integrated Manufacturing Project.

The results of this project have been achieved by a coalition of companies
organized and managed under the leadership of the prime contractor, Vought
Corporation, with Mr. Don L. Norwood providing primary overall contract
leadership and mansgement responsibility (TASK A). Other Task leaders were:

1. Mr. Robert L. Moraski, Vought Corporation, responsible for leadership
and management of the Factory of the Future Conceptual Framework Thrust

(TASK B).

2. Mr. Frank E. Sullivan, Northrop Corporation, responsible for leadership
and management of the Integrated Composites Center Conceptual and
Preliminary Designs (TASK C and TASK E).

3. Mr. Robert H. Wettach, General Electric Company, responsible for
leadership and management of the Quality Assurance Modeling and

Analysis Thrust (TASK D).

The other major participating companies of the coalition were:

General Dynemics/Fort ¥Worth
Hughes Aircraft Company

©0 00O0O

SofTech, Inc.

D. Appleton Company, Inc. (DACOM)

Illinois Ingtitute of Technology Research Institute

In addition to the major coalition participantsg, the following compan:iau
and organizations served as reviewing participants on one or more project

. thrusts::
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Battelle Columbus Laboratories
Baughman Consulting
Bell Helicopter
Bendix Corporation
Boeing Aerospace Company
Boeing Commercial Airplane Co.
Boeing Computer Sarvices Company
Division
Boeing Military Airplanc Co.
Cincinnati Milacron Incorporated
Douglas Aircraft
Fairchild Republic Co.
Genersl Electric:
Aerospace Electronic Systemg, Utica
Aircraft Engine, Evendale
Simulation and Control Systems,
Daytona Beach
Ordnance, Pittsfield
Military Electronic Systems,
Syracuse
Re-entry Systems, Philadelphia
Aerospace Control Systems
Binghamton
Goldsworthy Engineering
Grumman Aerospace Corporation
Honeywell, Inc.
HQ Aeronautical Systems Division

000000 00000000 OO0OO

00 000000
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HQ Air Force Contract HManagement

HQ Armament Division (AFSC)

HQ Arnoldé Engineering and Development

HQ Ballistic Migsile Office (AFSC)

HQ Defense Logistics Agency

HQ Naval Air System Command

HQ Space Division

HQ-NASA

Hughes Helicopter

Ingersoll Milling Mschine Co.

Lockheed Georgia Company

Lear Siegler, Inc.

Lockheed Missiles and Space Co.

Martin Marietta

¥McDonnell Aircraft

NASA

Office of the Undersecretary of
Defense

Research Triangle Institute

Rockwell International

Sikorsky Aircraft

TRW, Inc.

Texas A&M Univercity

Texas Instruments Incorporated

U.S. Army, DARCOM

United Technologies Corp.

Note that the number and date in the upper right corner of each page of this
document indicates that this Document has been prepared according to the ICAM
Configuration Management Life Cycle Document Requirements and is a designated
configuration iten.
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SECTION 1.0
INTRODUCTION

1.1 PROJECT 1105 OBJECTIVES

Fi's

—) There were three major cbjectives to be accomplished on the "Conceptual
Design for Computer Integrated Manufacturing™ contract:

R . . T - /"‘~»~ . oo o
) (1) The Factory of the Future (FoF) Conceptual Framework (Task B} had
three specific overall objectives:

,o #.To develop a strategy to achieve a computer-integrated framework
concept that integrates all major activites (e.g., Design,
Marketing, QA/QC, Product Support, Manufacturing Planning, etc.);

.0 - To establish an overall Conceptual Framework that will describe
these integrated activities; .4

»ot“ To create an aerospace enterprise framework structure that
serves as & baseline for computer-integrated manufacturing- (CIHY\
initiatives through the year 1995.

(2) The Integrated Composites Center (Tasks C/E) had has its objective
the acceleration and modernization of composites manufacturing operations.
Task efforts were devoted to establishing preliminary designs and
specifications for a computer aided composites manufacturing center that
integrates all activities required to produce composite aircraft structures.

(3) In the Quality Assurance Modeling and Analysis (Task D) effort, the
objective was to identify computer integrated technologies that would allow
the aerospace industry tc reduce product costs while maintaining traditionally
high quality standards. (g

P

—

1.2 MAJOR PROJECT 1105 TASKS

A T T AT A1 ey

The major tasks which were to be accomplished on this project are shown
in Figure 1-1.

1.3 PROJECT APPROACH

All major task ccalition teams of Project Priority 1105 pursued their
objectives using the proven four phased ICAM Life-Cycle approach to systems
development. This phased task approach of study, design, and implementation
has been successfully used to implement specific technologies in firms
throughout the country. The USAF ICAM IDEF (I for ICAM, DEF for definition)
modeling methodologies for function (IDEF@) and information (IDEFl) were

1-2
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The following tasks shali he accomplished:
Task A - Extabishment of the Mas:er Plan and Schedule Iparagraph 4.1).

Task B - Estavfisnment of the Factory of the Future Conceptual Framework
{paragraph 8 2). (Option 1)

Task C - Estabiishment of the Integrated Composites Center Requirements
Deli=ition and Conceptual Design (paragraph 4.3).

Task O - Estatlshment of the “AS 1S Architecrure of QA QC Funclions
fparagraph 4.4.2), Estabhishment of the ICAM Quality Assurance Manual
(paragraph 4.4 .3/ anti 4 Product Assuraace Program Standard
foaragraph 4.4.4).

Task € - Establishert of the Integr21ed Composites Conter Prelhminary
Oesign andt Sy stem Specificatron Document fparagraph 4.3 8).
{Qptian 2}

[EIR7RE SN

Figure 1-1. Technical Requirements/Tasks

used by all three tasks of this project. Figure 1-2 is an IDEFS model
depic.ing the function relationships that existed been the major project
tasks. Of key importance is the incorporation of other than ICAM
manufacturing data and the feedbacks from Task C (the Integrated Composites
Center Conceptual Design) and Task D (the QA/QC effort) to Task B (the Factory
of the Future Framework).

KEY
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FUNCTION
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N
[ ! MECHAMISMS
VaLTER
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Figure 1-2. 1IDEF® Model of Project 1105
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1.4 PROJECT TINE SPAN CHART

A time span chart is shown in Figure 1-3 which establishes when the major
project tasks/options are to be accomplished.

1981 1982 1983 1984

SIOIN[D][JIF MIARA[J] JTAIS[OINIDIIE [ AMS]J A [STOINID] JIF MIA M J[JIA[SIOIN]D
TASK A (]
TASK B |
OPTION 1
TASK C L ]

IR

TASK D {
TASK E r [ .
OPTION 2 [ T

Figure 1-3. Time Span Chart

1.5 LIST OF PROJECT 1105 TASKS AND SUBTASKS

Because of the complexity of project 1105, a complete list of the project
technical requirements and tasks are shown in Table 1-1 as they appear in the
contract Statement of Work (SOW).

1.6 INDUSTRY COALITION

.The Vought-led coalition was a results-oriented team of manufacturing
specialists with the diversity of skills and experience necessary to

successfully accomplish the goals of the project. The team possessed
demonstrated manufacturing and QA/QC expertise. During the course of the
project, it proposed many innovative solutions to previously identified ICAM
problems. The coalition also included an experienced group of technical
consultants and advisors who complemented the resources of the major
contractors. Figure 1-4 shows the coalition organization.

1.7 PROJECT 1105 CONTRACTOR/SUBCONTRACTOR RESPONSIBILITY

An overview of the entire cozlition responsibilities an approach to
Project 1105 is provided in Figure 1-5.




1
H
H

i
1
!

N L

1,

Py g
1

¥FIR1106510000U
29 June 1984

TABLE 1-1. LIST OF PROJECT 1105 TASKS AND SUBTASKS

4.0 TECHNICAL REQUIREMENT/TASKS

4.1 Phasel, Task A, Establish Master Plan and Schedule
4.2 Phasell (Option 1}, Task B, Factory of the Future Framework {FOF)
421 Scope the Techiical Effort and tdentify Necrds
4.2.1.1 Scope the Technical Etffort
4.2.1.2 identify Needs
422 Estabhish Improvement Concepts
42721 Evaluate tmprovement Concepts frum E xisting Systems
4.2 2.2 State-olf-the-Art Investigation
4.2.2.3 Document Systems Requirements
4.2.3 Deta Factery of the Future Concepts
4.2.3.% Establish Factory of the Future System Specification
4.2.3.2 Establish Factory of the Future Framework
4.2.3.3 Analyse factory Framework, Centers and Subsystems [nteractions
4.2.3.4 Economuc Benef.t Analysis
424 Summatize Factory of the Future Results
4.3 Phase | Task C, Establish Integrated Composite Center Conceptual
Requirements
431 Establish integrated Composites Center Scope
4.3.2 Complete Needs Analysis
4.3.3  Complete Current Practice Understanding
434 Formulate Improvement Concepts
435 DeYine Integrated Composites Center System Con<zepts
436 Produce "TO BE" Integrated Composites Center System Requirements
Document
437 Preliminary Design Subplan
438  Phase I {Option 2), Produce Prehiminary Design
4.3.8.1 Heune and Detai! Requirements
4.38.2 Design Integrated Composite Center System
4.3.8.3 Produce "TO BE" Integrated Composites Center Models
4.3.84 Produce "TO BE" Integrated Composites Center System
4.3.8.5 Conceptualize and Documert Integrated Composites Center
System Configuration )
4.3.8.6 Establish Integrated Composite Center Systern Test Plan
4.3.86.7 Produce Configuration ltem Identification
4.4 Phase {, Task D, Quality Assurance/Quality Control/Technical
Requirements/Tasks
441 Establish QA/QC Project Plan and Schedule
44.2 Understand the Probiem Using the MFG O, MFG 1, DESO and DZS )
Architecture
4.4.2.1 Perform Needs Analysis
4.4.2.2 Establish “AS1S" Environment
4.4.2.3 Establish the "AS IS Composite QA/QC Models
4.4 74 Establish "AS IS Architecture Interface
4. +5 Establish Improvement Concepts
a43 Establish QA/AC Manual
444  Establish Product Assurance Program Standard

1-5
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SECTION 2.0

EXECUTIVE SUMMARY

2.1 Establish Project Master Plan and Schedule (Task A)

The Project Master Plan and Master Schedule was finalized and implemented
as a management tool and project roadmap in November 1981. The Project Master
Plan described the project organization, assignment of responsibilities,
management procedures and reporting requirements. The Master Plan was revised
twice during the project duration.

The Project Master Plan and Master Schedule was instrumental in tracking
and monitoring project progress; initiation of new tasks as well as
verification and reporting activities involving project results.

2.2 Establish Pactory of the Future Conceptual Framework (Task B)

Since 1its inception, the U.S. aerospace industry has established an
unsurpassed record for developing high-performance quality weapon systems. In
responding to the requirement for constantly improving product performznce
this industry established an enviable track record for developing and
producing technically superior weapon systems. This response, in turn, led to
the development of a 'product performance at any cost" attitude.

Advanced materials and structure technologies have evolved and have beeun
incorporated into new zerostructure designs to meet the demand for improved
products. In adapting these new technologies, the aerospace industry has,
essentially, continued to pursue the challenge to develop superior products by
conducting business—-zs-usual.

This approach, coupled with economic constraints, spiralling production
costs, and a nation-wide decline in productivity have significantly increased
the costs of weapon systems over the last 15 years. As a result, this signals
an end to the era where costs could be ignored for the sake of performance,
even when dealing with systems on the cutting edge of technology.

It has now become clear that, as a nation, we may well be approaching a
time when procurement costs could compromise our defense requirements. Weapon
system costs are now being considered and evaluated equally with performance.

As one of the primary custom=rs for U.S. aerospace products, the United
States Air Force (USAF) became increasingly concerned with contemporary trends

2-2
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in this essential defense industry. With product costs isolated as the
deciding factor in new weapon system procurement, the USAF ressoned that the
technology developuent revolution, which had helped to escalate aircraft
costs, could by the same token, be 2pplied to reduce aircraft costs through
the implementation of computer integrated manufecturing (CIM) systems. To
this end, the USAF Integrated Computer Aided Manufacturing (ICAM) Program wss
initiated. The ICAM charter was focuced on the identification and application
of manufacturing technologies that offered productivity improvement, cost
reduction and product quality enhancement.

The creation of an organized program (ICAM) for encouraging the U.S.
aerospace industry to look beyond the business-as-ususl approach of the 1950°s
for answers to improving cost and productivity has proven quite successful.
Numerous ICAM projects have produced a host of information for improving
aerospace manufacturing through the impiementation of automation and computer
technologies. These ICAM efforts have reversed the trend of increased
production costs and declining productivity at the shop floor level.

These promising, though limited successes, of ICAM developed technology
application coupled with the realization the weapon system cost increases
extended beyond the shop floor suggested that a new way of thinking, a new way
of doing business was necessary if our aerospace industry was to survive in
the last decade of the 20th Century and succeed in the 21st Century. With
this realization, ICAM established a far-reaching project comprised of tasks
focused on identifying a new order, a new structure for the aerospace industry.

In an effort to capitalize on previous ICAM project results and to go
beyond the limited successes attained with individual shop floor projects,
ICAM Project Priority 1105 "Conceptual Design for Computer Integrated
Manufacturing™ was established. This project was scoped to aralyze the total
system of the aerospace enterprise and its operations; not just the shop floor
and applicable manufacturing technologies. The challenge was to examine,
dissect and assess the essential functional elements required to produce an
aerospace product and develop a framework or guidelines for their
integration! These elements included Design, Finance, Marketing, QA/QC,
Manufacturing, Inventory Control and Product Support.

The resulting Conceptual Framework for a Factory of the Future (FoF) was
to provide guidelines for the horizontal integration (between functional
elements) of the aerospace enterprise and the vertical integration of the
functional elements. To assure that the resulting conceptual Framework was
complete, two supporting tasks (which in themselves were major contractual
efforts) were incorporated into project 1105. These supporting tasks further
defined two essential aerospace enterprise entities: composites structure
manufacturing (Tasks C/E} and QA/QC (Task D); they will be discussed
separately in the following sections of this Volume as well & in full detail
in Volumes III and IV respectively.
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i : To fulfill the aims of the expansive ccope of this task to develop a
b ER .- Conceptual Framework for a. FoF, threc specific overall obJectives were
established and met. These objectives were:

o To develop a strategy to achieve & computer-integrated framework
concept that will integrate all major functional elements (e.g.,
Design, Finance, QA/QC, etc.)

0 To establish an overall Conceptual Framework that will describe these
integrated activities

0 To create an aerospace enterprise framework structure that will serve
as a baseline for CIM initiatives through the year 1995.

It is apparent that the Conceptual Fcamework for a FoF coalition team had
to address these objectives from a perspective not used in more conventional
XCAM projects. That perspective was from the aerospace enterprise
{specifically the Generz]l Manager) point-of-view as opposed to the shop floor
peint-of-view. Our resultant system view, was therefore of a sophisiticated,
complex social/technological system -- the aerospace enterprise - a dynamic,
self-regenerative entity that is constantly evolving and growing.

This redefined aerospace enterprise was the result of extensive research
“and industry review of the current conditions, needs and technologies involved
in the manufacture of aero structures. Appendix A of this volume contains the
results of a review of project results by a panel of noted manufacturing and
computer authorities conducted in HMay of 1983. Members of this panel were:

Mr. Harvey Buffum (independent consultant)

DPr. Joseph Harrington, Jr. (Arthur D. Little)

Mr. James F. Lardner (VP Deere and Co.)

Professor Wickham Skinner (Harvard Business School)
Mr. Richard Spears (Boeing Conmputer Services Co.).

00000

Based upon these research rcsults a Conceptual Pramework that effectively
and efficiently integrates operationg in the aerospace enterprise was
astablished. 7This framework is based upon:

FoF Generic Functicns
FoF Functional Framework
FoF Integration Comcept
foF Conceptual Framework.

A

0 00O
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The FoF generic functions (figucre 2-1) illustrated below in ICAM IDEF®
function model format are quite familiar. In fact, they are the same
functional clements that an aerospace enterprise requires today. Our research
results indicate that these generic functions will not differ significantly in
1995, However, our analysis did indicate that thie discrete mechanisms for
performing these functions (e.g., Design Engineering, Manufacturing
Engineering, QA/QC, etc.) dramatically change as new computer techniques and
technologies are developed and implemented.

"aarE o c__w
. a 2SS .
JL € andL0G
— ~ j T ~N
rusrovls }
w12 rran aurmecarons | o oea sconces st ann
V- PAOVIDE £ ¢ s _ 1
Dl - CUSTOMER + -
costom )
RO 7~ U::g“ BUSNESS ORETET N TES
SERVICES ‘1 D[;L)' l;;ﬁ;,ik.‘s’\
r f m CPEAAT SNt Paky b (4 SCCED. AN RLDLES
SN e Poe] awace M ) N 11 |
FACTORY P4 ~ T 7 - ~
i v CLAN i R EACT, Ry AERAT M
f : SRS S DU DR [ B S
vanenr ;? DEFINE [ Sl Sl M R ] \
e PROOUC T AND M
D MANUFAC TURINGEY
IO o AEOUIAL MENTS
N evaanom, |- r T 3
PRREOEMaAN E n S f
el "“"" g g VEND 8 LD
hd - T 1Ty >
- A PROVIDE BiA VaTERALS SCBICNTRAITED
L3 ::u.'_nn( duCras RESOURCES r-ﬁ'r TR AND WFE
Larasate | NI . Tiiaye [
L TR IR “"IDMW) I r l I RETY _!,?: ]
cravg st
I:(,'u.- L PHODCT 08 RE - ntWENTSy & il
Py +3 PRODUCE '
80
éa(ms»w ) [ ] I\ P PROOVCT
L b VEG PLaRS PROCESS PLANG o 1 5
2 4
/n POTENTIAL L /5TCMER SUPBORT MEQUIREME N TS Ay DO 0“- ATCOM
OPERATIONS ] T PRAOVIDE |
PLANS POLICIES LG5S DESIGN BESOURC OISO ncs |
PROCEOUREL L0 sracus ™ Ty VISIONING LOGISTIC Tan -..
AN%CBUSJGEYS 2 . NANEER TG e RESOURCES \» SUPPORT
. X r SOURCES s
CusIOVER g QP aesG AnD n 25 wo-u
~ LIAI_-ON SPARES
ND AEOMTS PRODUC TN
Semnces s i L e & L ,,so“x“
QESOURCES . } s
\ —

Figure 2-1 FoF Generic Functions

Once the generic functions were identified, a functional framework for the
FoF environment was estgblished (see figure 2-2). This resulting structuring
of information and activity, as illustrated, reflects a realignment of the
organizational structure within the enterprise based upon functional
relationships. The superimposition of the information network and the factory
management function upon the other functional elements emphasizes the idea
that integrated management of the FoF requires an effective and comprehensive
information transfer network.
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Figure 2-2 PoF Functional Framework

The FoF Integration concept evolved from the detailed analysis of needs
Over 400 distinct and separate needs were
Once these needs were

for the

1995 aerospace enterprise.

identified for the "T0-BE" aerospace enterprise.

pinpointed, they were, in turnm,

corresponding with the FoF Functional Framework (See Figure 2-3).
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Further refinement led to the classification of the identified needs in
seven major need categories. These categories are:

Information Resourca2 Management (IRM)
Factory Managewent

Product Definition and Planning
Product Assurance

Human Resource Hanagement (RRM)
Financial Management

Materials Management.

00 00O0COoOOQ

These categorized neecs provide the basis for the functional integration
of all projected foF activities through the 1995 time frame. These need
categories are guiding concepts for the integration of aerospace enterprise
cperations. As a result, they are specifically applicable to all FoF
aerospace functions and cannot be isolated from those functions. Figure 2-4
illustrates (conceptually) this integration concept.
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Figure 2-4 FoF Integration Concept
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Combining the abova coticepts into a simplified Conceptual Framework for a
FoF, results in the framework illustrated in Figure 2-5. Xeoy points to stress
are: 1) that six centers on this diagram directly relate to the six generic
functions illustrated in figures 2-1 and 2-2; 2) the common information and
logical processes are representative of all enterprise knowledge and
proéedures; and 3) the connecting lines represent the information transfer
network which radiates from the information and procedures hub and provides
the necessary routes for integration of the aerospace enterprise functional

activities.
CONCEPTUAL FRAMEWORK
THE FRAMEWORK IS A NETWORK OF
INTEGRATED FUNCTION ACTIVITY CENTERS
EXECUTIVE
MANAGEMENT
TECHNICAL cETER® BUSINESS
DEVELOPMENT | °ﬂf::;ﬁ:’
CENTER(S) CENTER(S)
COMMON
. . INFORMATION R
MANAGEMENT ‘:: ozgg;i: SUPPORT
CENTER(S) CENTER(S)
S NN (N B N I
| |
l i‘_ﬁz MACHINING COMPOSITES ELECTRONICS ASSEMBLY
: | CENTER CENTER CENTER CENTER CENTER |
| MANUFACTURING CENTERS __ !

Figure 2-5 FoF Conceptual Framework

While the brief summary provides the essence of our FoF Conceptual
Framework results, there are numerous and varied details which are vital to
understanding this Conceptual Framework. There the reader is encouraged to
read section 3.2 of this volume and Volwme II, Part 6 of this Final Technical
Report which describes the Conceptual Framework in detail.
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2.3 Establish Integrated Compogites Center Conceptual Design (Task'CIE)

The use of non-metallic composite materials in the manufacture of
aerospace structures has revolutionized production resource, information and
operational requirements in the aerospace industry. Structures comprised
primarily or entirely of composite materials are currently being produced by
virtually very U.S. aercspace company for both military and commercial
aircraft The structural enhancements of light weight, increased
survivab_lity and low visibility offered by the use of composites makes this
the material choice for modifying existing aircraft ss well as for
next-generation aerostructures. 1In the future, composite materials will be
used in primary aircraft structures (wings, fuselages, etc.) as well as their
current use in secondary structures.

However, even though there is currently expanding use of composite
materials by U.S. aerospace, present manufacturing methods are by and large
very inefficient, labor intensive, and costly. The fabrication of composite
strucutres in a non-automated manufacturing environment poses a number of
serious issues relating to current production programs requiring composites.
As the rate, complexity and size of composite structures increases with the
design and manufacture of next generation aircraft, the current manual labor
and suboptimal production techniques with their corresponding cost and quality
considerations will become major stumbling blocks. To meet the demands of
near-term and future composite aerostructure requirements, the development and
implementation of computer and automated technology planning and production
systems is essential.

In response to this critical need, the Integrated Composites Center task
was included in ICAM Project 1105 with the following objective: '"Establish
preliminary designs and specifications for a computer-aided composites
manufacturing center that integrates all activities required to produce
composite components for small end large aircraft structures in an automated
“paperless"” factory. ’

Due to the clesarly stated emphasis on industry-wide benefits from this
Integrated Composites Center (ICC) effort, a coalition was formed to create
the conceptual ICC design. Ths espproach provided the best and most rapid
means to disseminate ICC information to interested aerospace companies.

To enhance the validity and workability of project data, coalition team
members completed individual site-specific preliminary designs within their
aerospace manufacturing facilities. These individual efforts were then
refined and melded intc a collectively formulated generic preliminary ICC
design. Further enhancements were made to this design, through the invaluable
assistance and participation of a2 number of representative aerospace firms,
technical experts and consultants.
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As a result of these offorts, an ICC preliminary design was established
with the following characteristics:

o Conforms to an envisional 1990 manufacturing environment

o Allcws the production of a variety of composite aircraft struc’ures to

include:

- Secondary structures, such as doors and panels

- Primary strucutres, such as wings and fuselages

- Specialized structures for fighter and transport aircraft

o Facilitates fabrication to the subassembly level

o Features material systems capable of handling:
- Graphite/Epoxy
- Kevlar
~ Feberglass
- Thermoplastics
- Graphite/Polymide
- Graphite/Bismaleimide

o Offers reuseable and disposable bagging

o Provides a multitude of curing operations including:
- Autoclave
~ Oven
-~ Matched metal dies
- Conventional temperature

o Includes other essential composite manufacturing operations, such sas:
- Test and inspection
~ Trimming and drilling
- Specialized material handling
- Composite part rework

o Moves forward in technology implementation and computer control with
systems such ag the Composites Management System

o Emphasizes human factor considerations in special skills areas within
the ICC
— Composites Management System
- Quality of Work Life

This brief summary provides an overview of the ICC effort. The reader

interested in the detailed ICC preliminary design is referred to Volums III,
Parts 1 through 10 of this final technical report. -

2-10
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. 2.4 Establish Quality Assurance/Quality Control Technical Requirementg Tasks

(Task D) .

The U.S. aerospace industry hss always set a very high priority on product
quality, reliability, and maintainagbility. There zcre very few items produced
by other businesses that equal the precision, endurance, and performance that
are the hallmarks of aerospace products. Unfortunately, these self-imposed
standards of product excellence have come to the industry at a high price.

In an effort to improve the industry's cost efficiency without
jeopardizing its high quality standards, the USAF incorporated a quality
assurance/quality control (QA/QC) task in ICAM Project Priority 1105 -
"Conceptual Design for Computer Integrated Manufacturing." The QA/QC
challenge was to identify computer-integrated technologies that would allow
the aerospace industry to reduce product costs while maintaining traditionally
high quality standards. To this end, key manufacturing areas that could
contribute to product cost reductions through the implementation of computer
technologies without adversely affecting QA/QC were identified.

The information developed in the QA/QC effort is applicable to a broed
range of manufacturing scenarios. The project documentation (Volume IV, Parts
1 through 6 of this final technical report) provides guidelines for the use
these USAF ICAM developed technologics in specific environments. Of prime
importance, the data presented in the "Architecture for Product Assurance”
(Volume 1V, Part 5 of this technical report), offers a starting point to
assess existing situations, to subsequently identify corrective steps, and to
determine what levels of integration are needed to assure quality and
productivity increases throughout the entire manufacturing cycle - from design
and engineering to field use of the finished product.

Much of the application process sutlined in the "Architecture for Product
Assurance"” has been undertaken, completed, and "road tested.*" The path to
reducing costs and enhancing product quality through technology implementation
begins with a series of critical questions. ‘Answers to these questions within
the context of a specific manufacturing scenaric lead to the self-analysis
necessary to begin technology implementation. Typical questions include:

0 Are quality requiremants and activities considered only after the
design is finalized?

o Are there voids in the quality system that, once filled, would benefit
customers as well as the company?

o Are there any obsolete QA functions still being used? -

o Are there duplicated QA/QC functidﬁ§>;nywhere within the manufacturing
cycle?

2-11
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0- Can the present quality systemr accoitaodate proposed changes such as:

~ Introduction of new products?

~ Addition of robotics to existing automation?

~ Adoption of inventory contrcl measures for “just-in-time”
material/part provisioning?

~ 1Introduction of CAD/CAM?

~ Transition from a centralized computer system to a distributive
system?

If, within the context of a specific manufacturing scenario, the first
four questions are answered "No," and the applicable sections of the fifth
question are answered "Yes,™ the the firm is ready to answer the ultimate
question related to this project task:

o 1Is cost-effective QA/QC factored into the company's plans for
automation technology application?

The answer to this query can ultimately be obtained through the use of the
modeling and analysis tools developed as a result of this QA/QC task. These
tools are presented in detail in Volume IV of this report.

Based upon reported applications and successful uses of this projects
results, this project was recognized in 1984 as one of the past years "Top 10"
examples of manufacturing technology successes by the Office of the
Undersecretary of Defense for Research and Engineering.

2.5 Conclusion

The ultimate conclusion reached during this effort was that there are no
pat answers or tailorsd-made guides that lead to instant solutions for current
cost, productivity, and quality issues. Project 1105 tasks did identify
systematic methods and tools for analyzing the manufacturing issues of today
and, in so doing, provide a structure for developing alternative approaches

- that ‘use computer driven technology to resolve these identified issues. These
’ tools (which include the IDEF® and IDEF1 modeling methodologies developed by
ICAM) provide a logical process to structure current and future operations
through the logical sequence of identified activities. The generic nature of
i these tools allows their use not only in the aerospace manufacturing arena,
but universally in almost any manufacturing or service-oriented enterprise.
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SECTION 3.0

PROJECT ACCOMPLISHMENTS BY WORK BREAXDOWN STRUCTURE (WBS,
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SECTION 3

PROJECT ACCOMPLISHKENTS BY WORK BREAKDOWN STRUCTURE (WBS)

3.1 ESTABLISH MASTER PLAH AND SCHEDULE (TASX A)

The purpose of Task A was to develop a Project Master Plan and Schedule
(PMP) for accomplishing the project objectives. Figure 3-1 is a simplified
outline of this task. The PMP contained the strategy, approach,
responsibility and description of deliverables associated with each contract
requirement and was used as a monitoring and management mechanism thoughout

the pcogress of this contract.

A I 4

TASK A -
ESTABLISH
MASTER PLAN
AND SCHEOULE

ESTABLISH ESTABLISH
MASTER MASTER
PLAN SCHEDULE

Figure 3-1. Task A Objectives by Work Breakdown Structure (WBS)

This task was completed and approved by the ICAM Program Management Office
(PMO). The original PMP (PMP110510000) was published as part of
ITR110510001¥. One year after contract award, the document was updated to
reflect changes. It was approved and released as PMP110510000A. This PMP was
updated once more to reflect contract changes (PMP110510000B) in early 1983.
These documents were used for managing and monitoring the activities of
Project 1105.

3.2 FACTORY OF THE FUTURE CONCEPTUAL FRAMEWORK (TASK B)

The purpose of Task B was to Establish the Factory of the Future

Conceptual Framework. An outline of the WBS items used to accomplish Task B
is shown in Figure 3-2.
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... Specifically, the major objectives for Task B were:

o To develop & ciratepy to achieve a computer-integrated framework
soncept that will integrate all major activities (e.g., Design,
Finance, Marketing, QA/QC, Product Support and nanufactprins Planning)

0 To establigsh an overall Conceptual Framework that will describe these
integrated sctivities

o To create an serospace enterprise framework structure that will serve
as & baseline for computer-integrated manufacturing (CIM) initiatives
through the year 1995.

s | e
TASK B -
ESTABLISH
FoF
FRAMEWORK
BA 424 1) 422 1 423 (1.} 424 st az2e
scoPe
TECHMICAL ESTABLISH DETALL SUMMARIZE aarac
EFFORT AND MPROVEMENT FOF FOF SUPPORT
DENTIFY concerTs CONCEPTS RESULTS pro
NEEDS

BAA [ a2t BBA L‘ 221 [T} I 4222 BCA [ 4231 [ 1] § ] 4732
EVALUATE ESTABLISH
score —— Y STATE OF i €5TABLISH
THE ARY FOF
TECHNICAL CONCEPTS FROM SYSTEM
v EFFORT EXISTING SYSTEM INVESTIGATION SPECKICATIONS FRAMEWORK
P EFFORTS
Lt
1 .. .
’ BAR 4212 BeC 4223 : scc [ 4233 ’co l €224
ANALYZE FACTORY
i IDENTIY DOCUMENT FRAMEWORK . ECONOMIC
o NEEDS SYSTEM CENTER AND SENEFT
: REQUIREMENTS SUBSYSTEMS ] ANALYSIS
FOR INTERACTIONS

Figure 3-2. Factory of the Future Objectives by WBS

3.2.1 Scope The Technical Effort and Identify The Needs (WBS 4.2.1)

. Under this task, statements of key needs were obtained from applicable
ICAM, ManTech, Tech Mod and industry efforts. These needs were analyzed and
addressed in two life cycle documents: the Scoping Document (SD) and the
Needs Analysis Document {(NAD).

In developing the Scoping Document (SD), SD 110512000 the coalition
established two major goals.

3-3
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o To develop a strategy to achieve a computer-integrated manufacturing
(CIM) conceptual fromework that integrates/interfaces/interacts with
all major activities of the enterprise (e.g., design, finance,
marketing, quality assurance/quality control, product support and
configuration mansgement) through the 1995 time-frame.

o To design an overall conceptual framewor’ that includes multipurpose
production centers (i.e., assembly, macl .ning, electronics, composites
and sheet matal).

Together with these goals, the team proceeded to identify needed enabling
technology for implementing and managing CIM activities (i.e., areas requiring
additional work). Applicable documents were identified and terms and
abbreviations were defined.

The coalitiocn team kmew that to achieve the stated CIM objectives of the
FOF framework all activities of the aerospace manufacturing company from
marketing through product delivery and support must be systematically
integrated to assure that computer driven application would result in optimal
operations.

o HMarketing of the product, submitting customer proposals and initiating
contracts to provide products and services

o Engineering the products, manufacturing processes, tools, equipment,
facilities and computer systems

0 Acquiring, installing and managing resources

o Fabricating sheet metal, machined and composite parts and assembling
the components into final products

o Planning, evaluating, testing, inspecting and controlling to assure
product quality and performance

o oo

Providing clear operation and maintenance instructions and field
support to customers after product delivery.

The coalition realized that the Group Technology Concept suggested an
ideal hierarchical control structure for total enterprise overations. This
control structure would congist of a factory which managed one or more
centers. Each center would manage one or more cells which, in turn, managed
one or more stations. As a result, each station would perform one or more
processes to accomplish the objectives of the orgenization.

T
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o

Resezrch shcowed that current programs were pursuing the design and
demonstration of integrated centers for sheet metal, machining and composite
fabrication as well as integrated centers for assembly and electronics. These
centers would likewise be recognized as a part of the FOF framework.

92
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- The Task B coalition initially envisicned the functional structure of the
e FOF as depicted in Figure 3-3. Factory level management received policies and
S B , directives from corporate level management and were charged with conducting
el successful aerospace entarprige operations.

The Scoping Document identified five viable centers of functionally
related activity within the control of factory level management.

(1) The Marketing Canter which would provida'customer liaison and
services to initiate product development and production.

(2) The Product LCefinition and Planning Center which included the
activities of design engineering and manufacturing planning in
defining the product and production technology and quality
requirements.

(3) The Provisioning Center which acquired all materials, tools,
facilities, equipment and people required to accomplish the
factory's function.

(4) The Manufacturing Center wherein the fabrication and assembly of the
product occurred.

(5 The Logistics Center which included such items as product operating
and maintenance documents, field service, field training detachments
and the providing of gpares and kits.

out of these centers, all product requirements exist; such as design,
material requirements, process planning, quality planning, tooling and
facilities which are product/production-otiented. All the products and
Lo technology requirements were functionezlly relatedq.

In developing the Scoping Document, several trends were immediately
apparent to the coalition:

0 Few activities performed actual physical production steps
o Several activities were involved in management decision-making

o Each activity had a parallel activity which was communication of
. information to other relevant activities

.
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0 Budgeting and cost-estimating were not adequately defined to determine
. their influence on the FOF

o Design should be viewed as a product itself to be scheduled, performed
and evaluated.
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Figure 3-3, Factory of the Future Functional Framework Structure
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From these trends, several conclusions were drawn:

P,

0 Production-oriented design must include process planning and quality
planning

0 Actual physical production steps are only a small part of the overall
process of 8 manufacturing Enterprise

o Up-front planning is ‘& key area

o Management decisions affect the ability to plan for and accomplish the
activity

o The Factory of the Future must have a common information system whether
it is a computer data base or a manual system.

The coalition submitted the results of this analysis in the FoF Scoping
Document as Report Number SD 110512000 dated 25 March 1982. (Refer to Volume
I1, Part 1 of the Final Technical Report).

The Needs Analysis Document (NAD) NAD110512000, dated 10 May 1982 (refer
to Volume II, Part 2 of the Final Technical Report), expanded the Factory of
the Future environment in terms of concepts for cost drivers, human factors
and other activities performed for the system identified as Task B, ICAM
Project Priority 1105, Conceptual Design for Computer-Integrated Manufacturing.

The needs and voids in today's environment that had to be incorporated in
the "To-Be World" through 1995 were identified by the coalition. From this
study, some 400 needs were identified. These 400 needs were broken down into
36 categories and these broad 36 categories were gimplified into 7 mzjor
categories as folilows:

o Information Kesource Management

o Management and Control

0 Product Definition and Planning

o Product Assurance

I e A TR

0 Human Resource Management

e i atal e

¢ Haterials Management

o Financial Management

The results of the Needs Analysis document were used as the basis for
developxng the requirements for the FOF through the 1995 time frame. Thaesge

requirements were detailed in the Systems Requirement Document (SRD), dated 3
March 1983. (Refer to Volume II, Part 4 of the Final Technical Report).

3-7
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Five general goals were astablished by the coalition. These goals are

common to any industry which desives to improve its competitive position and
inersvise its productivity.

0 Reduce cost/price and increase profits

o Improve quaiitj

o Improve Human Resource Management

0 Reduce time from customer order to product delivery

o Improve manufacturing flexibility

As their approach to the Necds Analysis Document, the coalition conducted
an extensive review of the literature then scheduled many meetings to discuss
the technical aspects of the FOF conceptual framework. Figure 3-4 illustrates
the revised FOF framework that evolved from these meetings and Figure 3-5 ig
the IDEF® which supports the FoF framework illustration.

A detziled review of ICAM technical reports, ManTech reports, Tech Mod
reports and general trsde publications led to the development of the
technological needs as shown in Figure 3-6. In this figure, the needs are
described in abbreviated form as they pertain to each of the five centers that
evolved under the manage factory concept. A more detailed description of
these needs and activities can be found in the Needs Analysis Document which
was submitted to the Air Force on 10 May 1982 as Document HAD110512000.

Once the goals, the technology, and the key needs were determined, the
main question was, "Low will these changes occur in the factory?" Only rarely
will the cpportunity exist in industry to build completely new factories. 1In
most cases, the Factory of the Future must be introduced in an evolutionary
manner. Seven areas of consideration were identified for this evolutionary,
introduction of the FoF. The basic questions raised in each area were:

o What functions/activities/concepts will be added, deleted or changed
for the FOF? How should the old functions/concepts be phased out and
the new ones phased in?

0 Under what situation should various available technologies be used? 1s
there a preferred saquence for implementation?

0o What limitations or opportunities exist for reorganizing factory
resources?

o0 How should the conceptual organizational structura be changed to
accommodate the application of new technologies? How will these
changes affect the human skills requirements?
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Task B Needs Analysis Document (NAD)

The analysis tool to determine system requirements
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Technological Needs
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o What management concepts, controls and objectives should be used to
implement and operste the FCF?

0 How will the new communication and information management concepts be
implemented? What will be their affect on the rest of the factory?

o What new accounting and financial management methods will be required?

Feasible answers to these gquestions were discussed in detail in the Needs
Analysis Document submitted to the Air Force on 10 May 1982.

Other needs, such as economic conditions in national and world economy,
market conditions in the defense industry, management style and the
introduction of new product technologies were not addressed as they were
outside the scope of this document.

Pages 3-38 through 3-46 of the Needs Analysis Document (NAD110512000)
contain a series of matrices developed by the coalition to simplify
understanding and to emphasize needed future task efforts. These matrices
relate the connection between the detail FOF functional needs and the seven
generic needs categories established earlier in this discussion. Based upon
the relationships shown in the matrices, the following conclusions were drawn:

o Information Technolcgy and Information Resource Management are
essential building blocks for the FOF.

o It is impossible to separate management of the factory from the
requirement for Information Resource Management.

o Combining engineering functions is essential in enhancing productivity.
o0 Quality assurance improvements will increase productivity.

o0 Resolution of personnel problems are as vital as resolution of problems
relating to the selection and implementation of technology.

0 Strict materials management is having the right material, at the right
place, on time and at reasonable cost is a vital concern of management.

o0 As more functions are automated, the direct-to-indirect labor ratio
will change drastically; consequently, new financial management
procedures must be developed.

It was generally agreed by the coalition that the *"glue' necessary to bind
all the functions together would be the communication links between
activities. Concepts had to be developed based on providing reliable
communications between various activities. The Computer-Based Information
Systems (CBIS) (ICAM Priority 3101) dealt with this in considerable detail.
This CBIS structure provided the coalition with the basis to develop concepts
for Information Resource Management.

3-12
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. One of the need categories, manazement and control was emphasized with
control as a critical issue of management. It included such activities as the
development and implementation of policy, establishing quality assurance
directives, setting objectives and shaping employee relations.

Another primary need category identified by the coalition was Product
Definition and Planning. Product Design is necessarily constrained by the
functional requirements of the product and by the factory's manufacturing
capabilities. Design must be evaluated in terms of manufacturing costs and
time. Therefore, a method must be developed by which the designer can access
current information on manufacturing capabilities and the costs of various
alternatives. Product design, then, is translated into a product definition
which can be separated into two distinct categories; geometric and
non-geometric data.

All the other need categories (i.e., Product Assurance, Human Resource
Management, Materials Management and Financial Management) are also vital to
the conceptualization of the FOF. It is not valid to assume that these need
categories are less important than the ones discussed above. All should be
considered of equal status.

A complete discussion of all needs categories may be found in the Needs
Analysis Document of 10 May 1982.

3.2.2 Establish Improvemént Concepts (WBS 4.2.2)

The purpose of this task was to establish a set of improvement concepts
based upon the need categories in the. fo.m of requirements that addressed the
framework of the integrated Factory of the Future. The coalition investigated
computerized information flow, strategic and tactical planning, management and
decision support areas at all levels to accomplish this task. The
accomplishment of this task was reported to the Air Force in State-of-the-Art
Document SAD 110512000 dated 20 September 1982. (Refer to Volume IX, Part 3
of the Final Technical Report}.

This section of the Statement of Work tasked the Contractor to evaluate
each system level improvement concept proposed or being pursued by industry,
to evaluate the impact of each improvement and to show how many of the
improvements, if implemented in the ICAM planning and control area, would

=

g g . benefit the various shop centers.

P § The coalition reviewed the state-of-the-art in commercially available

3:@ technologies that could be used, but which were not being currently employed,
P plus needed technologies which would possibly satisfy the improvement

§’$ concepts. A visual summation of this review is depicted in Pigure 3-7.

Where appropriate, technology which was being developed but had not yet
been proven cost effective was included in the document. The major emphasis
was on commercially available technology which could possibly fulfill the
needs identified in the Needs Analysis Document.
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Task B State-of-the-Art Document (SAD)

An assessment of the most current technology to fill Factory of the Future needs

e Emphasizes commercially available technology

¢ |dentifies technology voids in terms of the needs
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Figure 3-7. Task B State-of ~the-Art Document (SAD)
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The goal of the State-of-the-Art Document was to investigate the
information/commmnication technologies which were the key tools for
integrating the FoF under the Manage Factory function. The primary focus was
on the most current technology with a demonstrated potential for cost
effectiveness. Hany cof these technologies are of the 1983 vintage. While
these technologies will change rapidly, manufacturing's needs will change mcre
slowly.

It was obvious that the primary concept which was needed to bind together
the Factory of the Future activities was the communication links between the
activities. The Computer-Based Information Systems Project (ICAM Priority
3101) dealt with this in considerabie detail. By creating the concept of a
“neutral data structure,” the information common to multiple activities could
be described. This neutral data structure could then be used as a framework
for the common data base.

Appendix A of the State-of-the-Art Document containg a summary of data
base management systems (DBMS) currently on the market. Not all available
DBMS are included but only a representative group which describe a variety of
features.

Various computer networks, hardware interface/terminals, human interaction
with terminals, machine interaction and software interface are also described
in detail in the State-of-the-Art Document.

As part of its tagk, the coalition investigated the development of the
so-called "fifth-generation” computer. The concepts under scrutiny were:

o Intelligence interface to enable the input and output of information
via speech, graphics, symbols and documents

o Knowledge-base management which will store relevant data bases so that
an operator can retrieve information at any time

o Problem solving snd inference which is the ability (in one form or
another) to learn and make inferences from the knowledge stored in the
data base.

Artificial intelligence (AI) uses a computer to mimic or supplement human
intelligence in a decision-making context. It has two aspects: ‘(1) a
knowledge-base incorporating a set of information (or data) and its
interrelationships, and (2) an inference procedure that '“reasons" or selects
the appropriate information for a particular situation.

Applicationc Technolopy - The Sth annual "Production Directory of
Computers in Manufacturing™ listed over 250 sources for manufacturing systems
goftware. Commercially available technologies which are Information Resocurce
Management oriented and addressed the other six needs categories were surveyed
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and evaluated at two levels. At the first level, the sources were
state-of-the-art documents produced by ICAM projects. At the second level,
the sources were promotional literature and directories on commercially
available computer-integrated manufacturing (CIM) systems .

Because of the many mergers and acquisitions occurring in this market, it
was impossible to ascertain which systems would be commercially available in
the near future. However, it was not difficult to predict the characteristics
of main systems. These are:

o Increased accessibility and sharing of information
o Improved flexibility and responsiveness
o Improved integrity and timeliness

The manner in which these systems address other primary drivers of generic
needs are shown in Figure 3-8.

Technology Voids - Technology areas which are not available to support
subsystem requirements were identified in terms of the need- categories. Due
to the interactions between these need categories and their often long range
implications, it was not possible to measure the impact of fulfilling the
individual needs. The basic needs and their corresponding technological voids
are sunmarized in Figure 3-9. A full discussion of these voids may be found
in Section 3.0 of the State-of-the-Art Document which is Volume II, Part 3
(SAD110512000 of this Final Technical Report.

Key Concepts _in Computer-Integrated Manufacturing ~ For its leading role
in developing Computer-Integrated Manufacturing (CIM) the Ingersoll Milling
Machine Company, received the 1982 LEAD Award from the Computer and Automated
Systems Association of the Society of Manufacturing Engineers.

Out of their original research, Ingersoll adapted three pivotal strategies
that bear importantly on the use of the computer in engineering and
manufacturing.

o First was the decision to use numerically controlled machines from the
moment they were practically available

o Second was the decision to employ computer-aided design (CAD)

o Third was the decision (taken within the last three years) to rewrite
all its information software programs to make it possible feor the
company-wide software system to organize and integrate ali the data
from all its programs (i.e., the start of the log .cal common data base
of the FoF). This was the start of their management and business
information system.
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« BETILA SCHEDH ed
- HOMTOMNO PLAPOAMANCE

 MARAQEMENT AND CONTAQY
-~ MIDVCL COB? ANDREAD Tisd
- MSPROVL CONTADL

» PRODUCT ASSURANCE
- MIPROVES FIELC LUPPORT

¢ CONBIDEALD A MARELTERG Fytee TON § OB COWBUAA AND COMMINNC AL PRODUCTS

* EXEATIRG MOO E8 CAM.
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SFPE 3

Filgure 3-8,

Applications Technology Matrix

»861 aung 62
Nnooo0TSO1TdLA



-

FTR110510000U
29 June 1984

GENERIC
NEED CATEGORY

BASIC NEEDS

THE VvOIDS

INFORMATION

A MECHANISM FOR INTEGRATION

PROVISIONS FOR DISTRIBUTED DATABASES
(ON DISTRIBUTED MACHINES)

FLEXIBILITY TO THE END USERS
REDUCTION OF THE NEED FOR SOFTWARE
IMPLEMENTATION PLAN WHICH wiLl:

- MINIMIZE INITIAL IMPACT
- BE ABLE TO EVOLVE

PROCEDURE FOR CONVERTING A
PROLIFERATION OF INDEPENDENT
DATABASES INTO AN INTEGRAL
SYSTEM

HARODWARE AND SOFTWARE PROTO.
COL STANDARDS (SEMN)

COMPATIBLE HARDWARE
CUSTOMIZABLE SYSTEMS

COMMERCIALLY AVAILABLE TECH-
NOLOGY FOR IMPLEMENTATION

MANAGEMENT
AND
CONTROL

TRUELY CLOSED-LOOP SYSTEMS
TIMELY-ACCURATELY-READILY AVAILABLE
CONTROL INFORMATION FOR DECISION
SUPPORT

IMPROYED LEVEL OF CONTROL SYSTEM
RESPONSE TO CHANGE

IMPROVED TOOLS FOR DECISION SUPPORT

COMPATIBLE MECHANISMS FOR
DATA COLLECTION

REAL TIME DATA COLLECTION

HAROWARE AND SOFTWARE SUPPORT
FOR DATA COLLECTION

PRODUCT
DEFINITION
AND
PLANNING

PRODUCT DEFINITION AND PLANNING
INVOLVES SEVERAL DISCIPLINES
(E.G., INTERACTIVE GRAFHICS, FINITE
ELEMENT MODELING, SIMULATION)

A NEED FOR ALL DISCIPLINES TO BE
NETWORKED ON A COMMON OPERATING
SYSTEM

ADVANCES IN OTHER INDUSTRIES MAY OR
MAY NOT APPLY TO A MODERN, HIGHLY
COMPLEX AEROSPACE PROGRAM WITH THE
VAST AMOUNT OF DETAIL AND CHANGE
ACTIVITY

THE SREATEST BARRIER TO IMPLEMENTATION

IS THE ORGANIZATIONAL IMPACT

- SAME AS NEEDS -

PRODUCT
ASSURANCE

IM=" 0 - D ORGANIZATION INTERFACE
DUr ~3 NEW PRODUCT INTRODUCTION

IMPROVED QUALITY INFORMATION
SYSTEM

EFFECTIVE QA/QC FIELD INFORMATION,
ACQUISITION AND UTILIZATION

NEW WAYS OF TEST AND INSPECTION

SOFTWARE QUALITY ASSURANCE

EFFECTIVE MECHANISM OR
NETWORK BY WHICH INFORMATION
CAN BE COLLECTED AND COM-
MUNICATED

EFFECTIVE HISTORICAL DATABASE
“IN-LINE™ QAJQC FUNCTIONS

SOFTWARE QUALITY ASSURAKNCE
METHODS

Figure 3-9,
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GENERIC
NEED CATEGORY

BASIC NEEDS "

THE VOIDS

HUMAN » SKILL REOUIREMENTYS SAME AS NEEDS EXCEPT FOR MODULES
RESOURCE SUPPORTING:
MANAGEMENT s INFORMATION NEEDS
* REDUCYION OF MUKDANE JOBS
« PRODUCT VS. PROCESS “FOCUS”
» ENHANCING DECISION SKILLS
o INVOLVEMENT
o IMPROVED COMMUNICATION
¢ ORGANIZATION STRUCTURE
o MOTIVATION
« BETTER AND LONGER-TERM PLANNING
« ORGANIZAT!ONAL DEVELOPMENT
MATERIAL e IMPROVE COMMUN:CATION WITH e NOT IN THE TECHNOLOGY BUT
MANAGEMENT SUBCONTRACTORS IN THE APPLICATION OF WHAT
IS AVAILABLE
« REDUCTION IN MATERIAL COSTS
e THE INCENTIVE TO IMPROVE
« IMPROVED WORK.IN-PROGRESS THIS AREA
MANAGEMENT
« MORE EFFECTIVE FACILITIES AND
EQUIPMENT MANAGEMENT-
FINANCIAL » A NEW METHOD OF ACCOUNTING - SAME AS NEEDS -
MANAGEMENT

OF FINANCIAL DAT/ BASES

AUTOMATIC PART AND RESOURCE COST
COLLECTION

IMPROVED MEASURES OF
PERFORMANCE/PRODUCTIVITY

REOQUCED INVENTORY COSTS

PRESENTING FINANCIAL INFORMATION

tMPROVED SYSTEMS FOR GENERATING
ACCURATE MANUFACTURING COSTS FOR

PARTS AND WHOLE SYSTEMS (AND LINK TO

ENG!NEERING TRADE-OFF STUDIES)

FORECASTING MODEL(S)

FINANCIAL SYSTEMS INTEGRATION WITH
PRODUCTION CONTROL SYSTEMS

A CONSOLIDATION AND STANDARDIZATION

IMPROVED METHODS OF PRODUCING AND

TOOLS FOR MORE ACCURATE BUDGETING

IMPROVED TOOLS FOR EVALUATING ROI/ROA

vy 601 @

Figure 3-9. Technology Voids Matrix (Concluded)
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The main modules in ihe compu.er—xﬁtegrated manufacturing system at
Ingersoll are: e T L P I

o0 Master schedule

o Engineéring design

o Inventory control

o Purchase and accounts payable

o Parts manufacturing and cost

6 Assembly

The whole structure is supported by the data base management system and
accessed from 121 on-line computer terminals. This system is run in real-time
with over one-half of their indirect labor force having their own personal
computer access code, A breakdown of the Ingersoll system is presented in
Section 4.0 of the September 1982 State-of-the-Art Document. (Refer to Volume
11, part 3 of the Final Technical Report).

Appendix A of that Document furnishes a review of selected data base
systems; Appendix B supplies a review of selected, previous ICAM state-of-

the-art reviews.

Systems Requirements Task

The System Requirements Task identified the improvements needed to
establish the conceptual framework of the Integrated Factory of the Future .
The economic benefits and analysis was not accomplished at this time, since
the concepts for aerospace factory improvements were not yet gelled into a
total cohesive factory "system.™

The System Requirements Document was the first functional document for the
“T0 BE" conceptual framework of the Factory of the Future. It detailed the
seven generic needs categories identified in the FoF Needs Analvsis Document
as to their requirements. These needs categories established the basis upon
which to establish the System Specification and the FoF conceptual framework.

The System Requirements Document expanded the seven needs categories by
identifying specific requirements for each need:

Information resource management
Management of the factory
Product definition end planning
Product assurance

Human resource management
Materials management

Financial management.

0O0COO0OOO
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Section 3.0 of the System Requirements Document identified and described
functions that are projected to occur in the Factory of che Future as they
related to the needs categories. This Document, as developed, examined the
transition fiom the "AS IS" aerospace factory of today to the conceptual "TIO
BE" factory of 1995. Current "AS IS" deficiencies defined in the Needs
Analysis Document were expanded into “TO BE" conceptual requirements which
were used to further develop the FoF conceptual framework.

Appendices A through G of the System Requirements Document of 3 March 1983
contain a wealth of supporting data to substantiate and “flesh out™ the
identified factory-level system requirements. These appendices are vital to
the understanding of the philosophy and the reasons “how™ and "why" the
coalition developed this particular FoF conceptual framework.

Information Resource Management - Manufacturing, in the ultimate analysis,
is a series of information processing steps. As industry moves
toward flexible manufacturing capabilities in the FoF, more and more
information will be computerized. Such physical objects as templates and
master models will be replaced with electronically stored data. This
computerized information will begin to be viewed as a company resource. As a
result, information will be the common company resource that affects every
function within the Enterprise. It is apparent, then, that the efficient
management of information is essential to the effective functioning of the
FoF. The specific requirements are:

o Information resource controi
o Information manipulation
o Information application.

The coalition established certain criteria for these requirements to
fulfill their functions. For example, the information control requirements
had to provide a fully automated, intelligent data dictionary that would
support the formal definition of the total factory information structure.

This requirement also had to provide automated tools and techniques for the
dynamic structuring of information to support application views of the factory
and to provide information resource management standards and procedures with
supporting computerized tools for programs which share common information.

Information manipulation requircments were classified into four categories:

o0 To provide for the consistent, timely and accurate transmittsl of
information to all users

0 To provide information processing tools to support both automated and
human controlled decision-making (e.g., artificial intelligence)

0o To make common information readily available to users through a
friendly, interactive, natural command language
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o To be able to store information in an efficient and flexible manner.

Information spplication tequirements were defined as being able to provide
-mechanisms and techmigues to capture, store, process and communicate
information which reflected marketing and sales, business management, product
definition and planning, procurement and materisl management, manufacturing
and product support knowledge.

e

Management of the Fsctory — In analyzing the managerial operations within
t~day's factory, it soon became evident that efforts to improve productivity

and quality have yielded less than desirable results. The primary causes for
this have been:

o Inadequate integration of corporate business objectives into faztory

operations

Permitting suboptimization of one functional area‘'s activities which,
in turn, impacted other areas '

: o Inability to implement alternate plens and options
: o Poor determination of resource requirements

0 Poor allocation of existing resources

! © Management’s inattention to the impact of technological changes on
. current operations.

: In exanining these causes of management inad2quacy, the coalition

; determined that to correct the problem it would be necessary (1) to provide

P management tools and procedures that generated realistic schedules for 211
factory activities; (2) to provide management tools and procedures to

resource requirements and allocate those resources in an optimal manner, and

(3) to provide management tools and procedures that support the

identification, assessment, selecticn and implementation of vital new
technologies.

PN R

Product Definition and Planning - This area encompassed two key elements:

o The Design Function - the requirement to define a more satisfactory
product for the customer

The Manufacturing Plenning Function - the requirement to combine detail .
design, manufacturing technolegy and customer requirements into a plan
to produce the more satisfactory product in an improved manner.

The following requirements are vitsl to the successful implementation of
these key elements:

e e S AR R AR
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Interactivae computer graphics

Group Technolegy

Automated process planning

Product definition and planning data base
Change handling flexibility.

o o0co00O0O

These requitrements are discussed in detail in the System Requirements
Document .

Product Assurance - In the realm of product sssurance, two vital areas
were designated for examination:

-0 Requirements specifically related to Quality Assurance/Quality Countrol

0 Requirements specifically related to Configuration Management.

Tha coalition determined that many new provisions had to be made in order
to upgrade Quality Assurance and Quality Control procedures. These were:

o To provide analysis tools and procedures for implementing quality
during the design phase

o To provide procedures ard mechanisms to improve the inspection process

o To provide a more efficient means for documenting nonconforming parts
and materials

0 To provide an improved interface with manufacturing control

o To provide procedures and mechanisms to integrate the flow of all QA
information through the Enterprise.

In the field of Configuration Management, it was determined that
improvements could be achieved by:

o Providing tools and procedures to improve the identification,
controlling and tracking of configuration items

o0 Providing improved storage and maintenance of Configuration Management
.information )

0 Providing procedures and mechanisms to integrate Configuration
Management activities and information with other activities.

Human Resource Hanagement - During the development and implementation of
the FoF it will be essential to address the human side of automation and
technological innovation. This is valid regardless of the innovation, be it a
change in procedure or the design and construction of a new factory. Failure
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to consider the human side of ‘the technological equation leads to results that
40 not equal expectations. ’ .

Factors contributing to this sensitive area are:

Employee's fear of losing their jobs

Managers fear of losing their power base

Organizational disruption

Inadequate training in the use and application of new systems,
techniques and machines.

0000

After gathering snd analyzing an abundance of data, the coalition
reconmended five distinct requirements to reduce the negative factors listed
above. These five requirements were identified and discussed under:

Human Resoucrce Planning

System Development and Human Resource Integration
Training

Sta‘fing

Empioyee Relations.

Q0000

Each of these five areas were broken down further into coalition
recommendations for overcoming resistance to implementing the FoF. Their
recommendations are part of Section 3.0 and Appendix E of the System
Requirements Document.

Materials Management — The importance of Materials Management was based
upon two factors:

o Control and distribution of the resources used in the production and
product support activities

o Material costs uhich represant a substantial portion of the investment
in the finished product.

To be fully responsive to the FoF needs, Materials Management must provide
the right facilities, materials or components in the desired quantity and
quality, in the right amount, at the right time, in the right place and at
reasonable cost. The ccalition established two requirements for suczessful
Materials Management; (1) the acquisition of resources, and (2) the planning
and control of those resources.

Successful resource acquisition requirements demand establishing
procedures for the effective selection of vendors, suppliers and
subcontractors through:

o Establishing a system for coding materials
o Establishing an automated historical data base for vendors, suppliers
and subcontractors

3-24
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A . o Rstablishing an cutomated purchase order and requisition system

SR o Developing a mechanism with a common data exchange format to provide
direct communication with vendors, suppliers and subcontractors

o Establishing procedures that provide versetile production facilities
with flexible equipment.

The Planning and Control of resources will mean providing tools and
procedures to improve tle devealcpment of Material Management plans that permit

in real-time:

Determination of total material requirements

Determination of material availability and cost

Deternmination of subcontracted item availability

Consideration of "what if™ factors

Establishment of procedures for more efficient use of resources by

developing:

-~ Improved scheduling techniques

' - More effective means of controlling inventory

- Procedures and mechanisms to support integrated Material Management
between various factory functions.

0 o0 O0o

Financiz]l Management - Financial Management consists of activities which
involve: money or assets, means of evaluating alternatives, and comparing
performance to improve the profitability of the Enterprise. Although a key
goal of the FoF is to reduce costs/prices and increase profits, this is simply
one aspect of the business operational cycle. The other goals deal with
remaining in and acquiring new business.

Unfortunately, in the Factory of Today, the main financial emphasis has
been focused on short-term profitability rather than on long-term
profitability. Additionally, our current financial structure is predicated on
a style which matches & theoretical framework rather than the actual
operations and processes needed to produce the product. As a result, our
current financial models neither reflect accurately on conditiong, nor do thay
support long range planning for corporate development.

The coalition outlined five requirements which shoulid be the 50:19 of
FPinancial Management in the FoF.

o The accurate and timely collection, storage and manipulation of
financial data

o Tools and techniques for accurately forecasting and estimating
financial trends

o Tools and techniques for expanding firancial analysis

© Tools and techniques for more accurate, timely and efficient general
accounting procedures

3-25




FTR110510000U
29 June 1984

o Tools and techniques for efficient management of cash and all other
resources.

In addition to these five goals, a reorientation will be required to place
financial information in its proper perspective as an important, but not all
controlling, input for Enterprise decisions.

3.2.3 Detail Factory of the Future Concepts (WBS 4.2.3)

Under this task, the prioritized performance requirements for the "TO BE™
Conceptual FoF Framework were established. Additionally, the performance
requirements associated with the seven generic needs categories were
summarized. The Conceptual Framework Document and IDEF® models of the Fo?
were also developed under this task.

Framework System Specificatioen

The System Specification Document (SS), SS 110512000, dated 14 Octobder
1983 (refer to Volume II, Part 5 of the Final Technical Report) was developed
under this task. An in-depth summary of specific performance requirements
deemed essential for integrated aerospace factory operations through the year
1995 is presented. This was accomplished by expanding the conceptual
requirements identified in the System Requirements Document (SRD) with the
additional descriptions of the concepts as they relate to:

o Functiong that are to be performed or supported by the concept;

o Performance characteristics dealing with speed, accuracy, and
efficiency needed to satisfy the concept;

o Physical characteristics identifying the hardware, facilities, tools,
equipment and materiales needed to support the concept;

o Operatxonal characteristics dealing with methods, procedures, and
policies needed to support the concept;

. o Information chavacteristics that identified the type of information

i required to satisfy spocific concepts;

‘ 0o Interface charactervistics that describe who (the user) or what (e.g.,
an application system) will be affected by the implementation of a
specific concept;

o Technology voids that could delay the implementation of a concept;

0o The impact cn personnel at all levels when a particular concept is
implemented.

[EEVIF Y PR

Continuing with the procedure begun in the NAD these needed performance
requirements and their associated characteristics were described and organized
by Need Catepgory.

;
i
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3.2.3.1 Establish Factory of the Future System Specification (WBS 4.2.3.1)
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Information Resource Msnagement ~ Since, in the final snalysis,

 manufacturing (computer aided or menual) is & series of Information processing

steps the coalition determined that the practice and application of
Information Resource Hanagement coucepts ls essential to the FoP., Even today,
the trend towards replacing physical objects (o.g., templates, master models)
with computer (digitized) models to convay manufacturing information is firmly
established. As a result, the masnagement and control of information as a
company resource vis-a-vis individual or departmental resource is essential.
To support this critical requirement for the 1995 aerospace enterprise,
specific conepts (listed below) and discussed in detail in-“the SS document
were presented:

Data definition

Data structuring
Appli~stion development
Communications

Decision support
Information processing
Information storage
Information application.

0O 0000000

Managenment of the Factory - At the factory level, management issues are
centered around planning and directing company resources, i.e., capital,
humans, information and time. 1In astablishing our seven major need
categories, management of information, capital and humans are discussed
separately. This need category focuses on the remaining key management
requirements relating to: 1) time mznagement, 2) resource allocation, and
3) assuring factory productivity and profitability through the assessment and
implementation cf new technology. These key requirements are conceptually
described in sections relating to:

o Integrated scheduling
o Integrated resource allocation
o0 Technology assessment/implementation.

Product Definition and Planning ~ The coalition envisioned that the
merging of the design and manufacturing planning functions (Product Definition
Planning) was essential to achieve integrated operations in the FoF. This
integration was deemed necessary since all manufacturing begins with design
(our common data base begins here) and a producible Jdesign is mandatory for
reliable production and product quality. As a result, the merging of these
activities are paramount for successful operations in the FoF and provide one
of the most fruitful acreas for reducing the time from customer order to
product delivery.

The discussion of this key requirement in the SS document evolves around
concepts for:
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o Interactive computer graphies for
- MHodeling
- Simulation :
- Standard information exchange
0 The application of Group Technclogy
o0 Automated Process Planning
0 A common data base

Product Assurance - Assuraznce of product quality will require control and
coordination at all levels of the aerospace enterprise through 1995, since
segments of the quality function are irherent in all phases of factory
operations. Achievement of this objective will require the implementation of
total quality assurance, The coalition established the following concepts
centered around total quality assurance:

o Design quality into the product - do not rely on the inspection and
rejection of defective parts, do it right the first time
Improved inspection processes

Improved control of manufacturing processes
Integration of quality assurance information with all factory activities

On-line/real-time configuration management procedures.

© 00 0O

Human Resource Management - The transition from the factory of today to
the FoF was recognized by the coalition as a path that was bounded by
technological as well as human relation pitfalls. 1In consequence, numerous
concepts for enhancing Human Resource Management (HRM) in the FoF were
developed. These concepts are built around the following HRM considerations:

o Consideration of Human Resource requirements in long range strategic
planning '

o Continuous monitoring of technological innovation to assess its impact
on human resources at all levels of the organization - shop floor to
front office

o Developing strategies for training current personnel

o Developing new policies for employees.

Materials Management - Material costs can represent 50% or more of total
weapon system costs. As our aerospace system becomes more sophisticated
and complex, material costs and the cost of maintaining inventories can reach
astronomical levels. As a result, the coalition, in recognizing this
situation, develop=d concepts for materials management to assure that the
right materials, facilities, components or subcontracted assemblies are
available: 1) st reasonable cost, 2) with the desired quality, 3) in the
needed amount, 4) at the required time, and 5) where needed. To support
this requiement, specific conepts were developed around:

o Effective selection of vendors, suppliers and subcontractors
0 Near real-time communications with vendors, supplies and subcontractors
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Advanced plsuning for material requirements

Control of materials Inventory

Establishing production facilities with flexible equipmnnt
Control and management of materials at the enterprise level.

o000

Financial Henagement - Management of finance in the FoF will be as
critical as in the Factory of Today. However, in the PoF financial emphasis
must shift from profitability in the short run to: profitability in the long
run and what resources must be expended to remain competitive. In addition,
the theoretical framework of factory operations which forms the basis of our
financial analysis techniques must be changed to meet actusl operational
conditions. This implies a shift from financial measurements based upon
direct touch labor (now approximastely 10% of our workforce) to financial
measurements that reflect the time costs of people, operations, and processes
required to produce the product,

To support this financial management approach, concepts were established
to support the:

o Accurate and timely collection, storage and manipulation of financial
data

Accurate forecasting and estimating of financial trends

Development of tools and techniques for dynamic financial analysis
Improvement of general accounting procedures

Efficient financial measurewment and analysis

00 0 0

3.2.3.2 Task B, Establish Factory of the Future Conceptual Framework
(WBS 4.2.3.2)

The coalition prepared IDEF® models of the "“TO BE" Conceptual Framework
which addressed the needs and improvement concepts identified in the Needs
Analysis Document, System Requirementg Document, and System Specification.
These models were corcrelated with the existing ICAM Architectures (i.e.,
MFG@, DESO and QA/QC@) in Section 6.0 of the Conceptual Framework document.

Initially, the coalition envisioned a set of detailed functicn models to
describe the 1995 aerospace factory. Thig vision was not realized as the
extensive scope of the Task B effort precluded the detziling originally
envisioned. At the root of the problem was the generic nature of the
functions and concepts, which, while ideal to form a basis for system design
were not specific enough to permit a consistent viewpoint for detailed
modeling below the second level.

To counteract this lack of a consistent viewpoint, the coalition attempted
to model the FoF with different viewpecints as reflected by the seven needs
categories, i.e., Information Kesource Management, Product Assurance, etc.
There 18 en aextensive incomplete set of working IDEFO models as a result,

This approach was dropped when it became apparent that its time consuming,
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complex effort nature would prohibit completing the remaining task efforts.
As 8 result of this uncompleted attempt at detailed modeling of the FoF, the
coalition concluded that detailed models would be more appropriate when
addressing specific factories vis-a-vis a generic factory. That is it would
be easier to hold a consistent viewpoint for the FoF model of a Vought Aero
Products Division or a GD/FW.

3.2.3.3 Analyze Factory Framework Centers and Subsystems Interactions

(WBS 4.2.3.3)

The Conceptual Framework Document (MMR110512000), provides a detailed
discussion on the Conceptual Framework the reader is referred to Volume II,
Part 6 of the Final Technical Report.

Ir the Conceptual Framework Document, an approach for achieving
computer-integrated manufacturing through the 1995 time frame iS presented.
First, the aerospace enterprise (factory) is presented as a total system, its
goals are reviewed, its operating environment is discussed, its principles of
operation are defined, its functions are described, and its major components
are identified. Second, the major factory components are discussed from a
physical view (people, production tools and equipment, facilities, and
computer communication networks) and from a logical view (the enterprise
common data base and the logical processes used to manipulate

data/information). Major components of the FoF system were presented from s
physical and logical view to:

0 Curdb the current practice of addressing the FoF in terms of specific
applications (capabilities) e.g., MRP I and II, CAD/CAM, flexible
machining, integrated sheet metal center, group technology, etc. These
are but specific applications of technology and evolve over time, e.g.,
MRP I became MRP II, NC now consists of CNC and DNC, ete. The total
view of the factory especially the FoF, is much larger than individual

applications. It is the integration of these capabilities that
determine the FoF system.

© Stress that the factory is more than an accumulation of physical
resources used to produce product. These physical resources (people,
product tools, equipment, and the information processing communication
network) are vital - yet by themselves they cannot produce a product.
It is human reasoning (logic) developing specific capabilities
(procedures and techniques) to achieve a goal (e.g., build part, build
assembly) and the transfer of these procedures and techniques as
information to integrate the operations of the physical components that
is the second essential element. This is the 95% of manufacturing
operations related to data processing that is cited by authorities
(e.g., James F. Lardner and Joseph Harrington, Jr.).
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A

o Shift the embedded traditional thought process of equating factory to
shop floor. We, the coalition, want the factory to be thought of in
terms of the total enterprise nct the 5% represented by the shop floor.

Third, this document describes through 1995, an integrated aerospsace

enterprise composed of specific operation centers that support all the
functions identified in the Conceptual Framework.

3.3 Establish Integrated Composite Center Conceptual Requirements Task C

The purpose of Task C was to establish preliminary designs and
spaecifications for a computer-aided composites manufacturing center that
integrates all activities required to procduce composite components for small
and large aircraft structures in an automated "paperless" factory. An outline
of the WBS items used to accomplish Task C is shown in Figure 3-10.

c 3 a3

TAsK C -
ESTABLISH ICC
CONCEPTUAL
REQUIREMENTS
.
.
. cs a2 co a3 cr [¥1)
PRODUCE
COMPLETE FORMULATE “vO BE-
NEEDS BAPROVEMENT ICC SYSTEM -
ANALYS:S CONCEPTS AEQUIREMENTS
r DOCUMENT
o [+ 431 [ 42 CE 438 ca 43?7
- 4 EETABUSH 003:::!'7" DERINE PREUMINARY
S cc CURREW ICC SYSTEM DESBIGN
: score PRACTICE concErTs " susPAN
UNDERSTAKDING

G BN SRS,

Figure 3-10. Task C Objectives by WBS
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3.3.1 Establish Integrated Composites Center Scope (wWBS 4.3.1)

The statement-of-work specified that the Contractor establish 'the scope of
the Integrated Composites Center within the environment of current “AS IS™
menufacturing. The scope was to include listings, together with textual
descriptions, of all functions and information entities within the
Architecture of Manufacturing whether performed by, interacting with, created
by, or utilized by the Integrated Composites Center, (see Table 3-1 and 3-2).

The resulting scoping document was constructed to be in accordance with
ICAM Documentation Standards and to reflect the areas of the function and
information models of manufacturing referred tc as MFGO® and MFGl (see Table
3-3). The scope also contains the highest level function diagram (A-0) (see
Figure 3-11) of the integrated composites purpose and viewpoint plus, at a
minimum, the first level decomposition of the model (A-0).

These requirements were documented in the Scoping Document (SD), SD
110511000 which was submitted to the Air Force on 30 June 1982 and
subsequently published. (Refer to Volume III, part 1 of the Final Technical
Report).

The statement-of-werk also required the Contractor to evaluate existing
and future composites hardware production goals for both fighter and
bomber/transport-type aircraft. Predictions were to be made of all possible
aircraft structures in the 1981-1991 timeframe. Ranges of production were to
be predicted and the kinds and numbers (quantities) of composite structures to
be fabricated were to be estimated.

3.3.2 Establish Needs Analysis (WBS 4.3.2)

The Needs Analysis task was undertaken to form a baseline for the
conceptual and preliminary designs of the Integrated Composites Center.
Deficiencies were identified and methodology and technology improvements to
correct those deficiencies wers investigated. The coalition also:

o Identified the desired extent of the interaction of composites
manufacturing with design engineering.

o Explored existing e2nd desired performance measures of factory
management level systems and shop floor control level processes.

3.3.2.1 Background

Structures produced from composite materials are part of virtually every
modern military and commercial aircraft flying today. These materials have.
revolutionized the entire airframe industry and their use will continue to
increase.
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Table 3-1. Environment of ICC Conceptual Design

Design/Manufacturing Functions
Design Planning and
Application Area Materisls Frocesses Tooling Techniques Control
Fusalage ] Type Fabrication Materials Testing 'Methods/Systems
Side Panels Fiberglass Hand Layup Composites U!trasonic Process Planning
Buikheads Keviar Robotics Maetallic Radiographic Production
Frames Graphitels) Tapa Layup Ceramic Visusl Ordering
Longerons Boron Spray Up Elastomeric Audio Scheduling
Doors Others Pultrude "“Wash Out’’ Shep Loading
i . Blowmold Salt Mandrels Performance
Wing Matrix Automatic Collapsibie Measurement
Covers Polymide Brosdgoods Rubber Material Storsge
Substructure Epoxy Layup Bladder Bags Inventory
Feathers Metal Management
Hard Points Others Transfer Parts/Tool
Hand Control Tracking Tiacking
! Empennage Form Robotics Inspection Trend Analysis | Work-in-Procsss
i Covers Tape Flip Calibration Material Review Tracing
; Substructure Broadgoods Flying Carpat I&R Controt Board System | Inspection Racords
: Rudder Filaments/ Vacuum Config Mgmt | Testing Equipment
Tows Correctivs Quality
Design Woven Cure Action System | Procedures
_Conditions Mat Autoclave Cost Analysis | Scrap/Rework
Temperatuare Oven Analysis
Moisture Condition Air Scheduling Test Inspuction
Load Prepreg and Evelustion
Electrical Dry Assembly :::a?,'k Approach
Therma! CDEFF Bond Inspection Analysis
Stitfness Material Drill/Fasten Management
Geomeury . | _Sampling Inserts Methods
Maintainebility | procedures Cocure Variance Analysis
Reliability Techniques Methods
Mtg Cost Trend Data Equipment tmprovemant
OA Equipment Inspection Numerical Control
Specifications | Location Maintenance Data
R Process Software
Service Manufacturing/
Calibration L
Design Cost
Trada-Offs
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Table 3-2. Physical Functions of the ICC

1. Design composite parts
2. Develop quality assurance plane for composites
3. Develop and produce tooling for coniposites
4. Receive and inspect incoming raw materials
S. Receive and inspect detail parts (from other Centers)
6. Clean and preparc detall parts
7. Dispense raw materials
8. Cut plies
9. Kit plies
10. Kit detall parts and plies
11, Orient, position and stack plies
12, Debulk laminate
13. Inspect uncured laminate
14, Form laminate
1§. Place laminate on curing tool
16. Bag, leak check, and inspect
17. Cure
18, Trim end drill laminate
19. Inspect laminate
20. Prefit subassembly details
21. Join laminstes and dotails
22. Inspect and prepare curing tools
23. Inspect completed structures
24. Rework and repair discrepant structures
25, Move and store kits, parts and tools
26. Initiate inspection records (for historical records and trend analysis)
. Table 3-3. Integrated Composite Center Functions
Architecture Node Function Title
MFG A-11 Manage Product
DES Al " Develop Conceptual Design
DES A2 Develop . Preliminary Design
DES A3 Develop Detail Design
MFG Al Plan For Manufacture
MFG A2 Make & Administer Schedules and Budgets
MFG A3 Plan Production
MFG A4 Provide Production Resources
MFG A5 Obtain Manufacturing Materials
MFG A6 Prodnce Product
QA Al Develop Guality Requirements
QA A2 Prepare Quality Plan
QA A3 Provide QA/QC Resources
QA A4 Implement Quality Plen
QA A5 Evaluate QA/QC Effectiveness
MFG A-14 Provide For Product Logistics
3-34
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Despite their increased use, composite structures are still being produced
in a very inefficient (labor-intensivs) manner, particularly in such areas os

- laminating, bagging, trim-and-drilling, production flow, etc. Wot only is

this ¢ major problem for current production programs but, as the rate and
complexity of composites production increases, the requirement for automated
production, planning and control, and quality assurance becomes critical.

3.3.2.2 Requirements

The task was to identify major needs (perceived deficiencies) that
impacted the fabrication and subassembly of composites structures and could be
alleviated through application of new technology or changes in operational
methodology. These results would then be used to form a baseline tor
developing the conceptual and preliminary designs for the Integrated
Composites Center. Additionally, the degree of Cesign/menufacturing
interaction was to be analyzed and recommendations made as to integration of
these two functional activities. Performance measures for factory level
planning, scheduling, controlling, QA/QC and shop floor control were to be
investigated, analyzed and reconmended.

Thus, the first step taken by the coalition was to identify the key areas
needing improvement and the second step was to analyze these areas in terms of
cost/performance and human factors. Next, the identified needs in the "AS IS*"
factory were prioritized by a subje-ctive rating system as follows:

Improved laminating techniques

Improved bagging materials and techniques

Improved “up front" design, manufacturing, QA interface
Improved curing procedures ,

Improved material and material forms

Better tooling

QA/QC, NDT improvements and enhancements

Human factors
Trim and drill enhancements

Material handling, material kitting
Manufacturing planning and control
Shop floor control

Integral structures

Aumoated design tools.

0000 00ODODOOOGCOOO

These primary needs are discussed in the following paragraphs.

3.3.2.2.1 Improved Laminating Techniques

An immediate need in the aerospace community is to improve laminating
techniques which are predominantly labor-intensive and time consuming. There

were a few exceptions to this method where production facilitiec used
tape-laying machines or industrial robots for laminating. However, even with
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Daspite thelr incressed use, composite structures are still being produced
in a very irefficient (lebor-intensive) manner, particularly in such areasz as
laminating, bsypgirg, tcim-snd-drilling, production flow, ete. Not only is
this a major gproblex for current production programs but, as the rate and
complexity of composites production increases, the requirement for automated
production, planning snd control, und quality assursnce becomes critical.

31.3,2.2 Requirements

The task was to identify najor neecds (perceived deficiencies) that
imnacted the fohricotion and gubassembly of composites gtructures and could be
s.leviated through application of new technology or changes in operational
wethodnlogy. These results would then be used to form a baseline for
dJeveloping the conceptual and preliminary designs for the Integrated
Compesites Center. Additionally, the degree of design/manufacturing
interaction was tc bhe analyzed and recommendations made as to integration of
thase two functionmal activities. Performance measures for factory level
pianning, scheduling, controlling, QA/QC and shop floor control were to be
irvestigated, analyzed and recommended.

Thus, the fitst step taken by the coalition was to identify the key sress
needing improvement and the second step was to analyze these areas in terms of
cost/performance and human factors. Next, the identified needs in the "AS I®"
factory were prioritized by a subjective rating system as follows:

Inproved laminating techniques

Impro-ed bagging materials and techniques

Improved “up front" dezign, manufacturing, QA interface
Improved curing procedures

Improved material and material forms

Better tooling

QA/QC, RDT improvements and enhancements

Human factors
Trim and drill enhancements

Material hsndling, material kitting
Manufacturing planning and control
Shop floor control

Integral structures

Aumoated design tools.

OO0OOCOCOOOBODOOOOO

These primary needs are discussed in the following paragraphs.

3.3.2.2.1 Improved Laminating Techniques
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An immediate need in the aerospace commnity is to improve laminating
techniques which are predominantly labor-intensive and time consuming. There
were a few exceptions to this method where production facilities used
tape-laying machines or industrial robots for leminating. However, even with
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" these automate.! laminating techniquas, the parts being fabricatod were
essentially flat or only slightly contoured, wheress the next generation of
aircraft will use a larger percentage of laminates on complex curved
structures, e.g., wings, fuselages and the entire empennage.

These more complex structures will require increasingly sophisticated
methods of laminating. Automated machines must be able to dispense both
narrow and wide tapes. A future laminating cell should be capable of
automatically laminating sny type or size of structure employing such
mechanical devices ss tape-laying robots, winding techniques, and advanced
molding techniques such as pultrusion. Theoretically, this would remove the
human element from the cell ~ a major savings in time and cost.

Debulking, another operation closely aligned with the laminaticn process,
needs substantial improvement. Debulking is the process of densifying plies
during layup. It is usually done by applying pressure to a stack of plies
enclosed in a vacuum bag. In fabricating relatively thick laminates at the
present time, as many as 10 to 15 debulk cycles are required resuiting in s
substantial cost increase.

A need to eliminate debulking for all flat laminates was identified to
greatly reduce the number of cycles for complexly-contoured lLaminates. Thus,
the need for the debulking process must be established. If there is a
definite need for debulking, then improved debulking technigues must be
developed to minimize the cost of this procedure.

3.3.2.2.2 ImproveA Bagging Materials and Techniques

Current baggi.y procedures are labor-intensive and require constant
monitoring and checking. Two bagging methods are presently used: (1) a
disposable nylon bag, and (2) a reusible rubber bag. These bags provide an
air-tight membrane from which a vacuum can be pulled.

Disposable bags must be continually checked for leaks. They do not
conform well to complex laminates. As a result, blown bags are common duraing
the curing of complex laminates.

Reusable rubber bags can be recycled through a finite number of cure
cycles before they degrade. They are tailored to conform to the configurstion
of the lamination. They are less prone to leaks and, as more prescure is
applied in the sutoclave, the bag seal becomes tighter which eliminater
peei-back.

If the requirement to bag parts for curing continues, there will be a need
to improve current bagging techniques. Reuseable rubber baps will speed the
sctual bagging process, allowing it to be automated. This will reduce bagging
hours, the number of scrapped parts due to leaks and blown bags and will
produce cost savings due to the lower life cycle costs of reusable bags.
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3.3.2.2.3 Improved "Up Front" Design Manufacturing QA Interfece

As much as 90% of the commlitment of funde fur new eircraft systems are
made during the design phiase of a new program. By the time production is
initiated, tooling, manufacturing and facilities costs are locked in. To
impact these costs, feasible design alternatives, manufacturing approasches and
material systems will have to be evaluated at the conceptual stage.

This could be done by having accessibility to a "global” data dbauk of
information containing 3 manufacturing cost/de-iign guide, a structural
composites fabrication guide snd an advanced composites design guide.
Analyses of this data would ensure that new programs take full advantage of
the learning that has taken place on existing and prior programs as well as
various advancements in research and development.

3.3.2.2.4 Improved Curing Procedures

Needs which require improvement in the area of component composite curing
include:

0 A method to monitor and control in-process anomslies. A feedback loop
is needed to eliminate scrap due to bad cures and voids from the
entrapment of gas bubbles.

o Development of an automatic autoclave loading system. This would
reduce amounts tied-up in capital requirements, lower operating costs,
and possibly permit recycling of perishables, i.e., nitrogen or hot air.

o A method of reducing total curing time, temperature and pressure. A
possibility exists in improved, quick-cure resin systems as well as
innovative curing techniques such es microwave and radio frequency.

3.3.2.2.5 1Improved Material and Material Forms

Although there are risks aﬁsociated with introducing new material systems

into on-going production programs, the coalition tentatively established the
requirements for composite materials as follows: '

0 Simple-to-process organic matrix resins

o Tougher matrix material with greater impact resistance

o More environmentally stable materials

0 Moisture-resistant (250° - 300° F curing) tough resin systems for
subsonic military aircraft

0 Greater thermal stability for the 350° F cure system for fighter

aircraft
o Tighter control of material tack

Longer, or unlimited, out-time without refrigeration
o Increased testing and characterization of thermoplastics

o
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Lower fiber and resin matrix coats

Higher temperature resin esystems

Continued development of hydwrid composites

Development of celf-acdhesive material systems

Continued investigation into radar-absorbing materials

Tighter control of resin/fiber content by the vendor

Development of an experimentally generated data base in composite
materials maintainability and field repair

Continued worlk on "whisker"” composites

Investigstion into resins with thermal stability in the 350° -~ 500° F
range with high stcain-to-failure ratios, i.e., bismaleimides,
polyimides, etc.

- Investigation of methods to allow the aerospace community more contro!l

over all composite material processing. This might entail the industrcy
becoming vertically intecgrated or the possible development of
intermediaries to provide first and second-stage processing on material
before it is passed on to the end-user.

At the present time, there is a pressing need to investigate tha dichotony
that exists between maintaining the existing interindustry segregated
structure and embracing a vertical integration structure. The following
questions must be answered in deciding whether to integrate other related
production operations into an existing corporate structure.

[+

[
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Can present facilities be used or are new facilities required?

Are ther sufficient financial and capital resources available to
either bulld or acquire existing companies?

What new management talents and technical skills are needed to
integrate with minimum interruption?

Is there 2 way of increasing competition within today's traditional
relationship?

If vertical integration occurs, will it result in the production of an
excess quantity of goods whieh must be disposed?

How sensitive is the community to raw material processing?

Would regilations regarding monopolies and restraint of trade be a
problem?

3.3.2.2.6 Better Tooling

Needs to improve compesite tooling to meet future requirements and
alleviate existing bottlenecks include:
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o Tooling that is durable, dimensionally siable, leak-proof and
inexpensive ‘

0 Tools "based” on mathematical models, in conjunction with CAD/CAM
interface., to produce exact replicates

0 Tools designed to accommodute reusable bags which have built-in
integral thermocouple sensors, integral venting, built-in dama and

other required instrumentation

o Tools with a surface finish that minimizes preparation time for layup
and allows ‘easy removal of the cured component

o Enhanced tool repairability

0 Methods to automatically move, store and control tools based on their
sequence of use.

3.3.2.2.7 QA/QC/NOT Improvements and Enhancements

The current approach to quality assurance/quality control and
non-destructive testing is often redundant, time-consuming, labor-intensive
and costly. The following problems are linked with QA/QC engineering and
planning.

0 Not being able to collectively assess the effect of defects
o Not being able to determine exactly what is critical to the structural
integrity of the part or component
. 0 Not being able to relax the current requirement for 100% inspection
0o Not being able to relax the demand for perfect composité pacts (never a
requirement for metallic parts).

In their snalyses, the coalition identified the following needs which were
required to enhance inspection procedures.

0o Streamline the NDT process by developing statistical data analysis
techniques based on destructive testing of scrap parts

o Newer, quicker procedures to inspect the wing/fuselage interface, i.e.,
bolted joints in composite structures

¢ Reduce dependence of human interpretation of x-rays through automated

; video-enhancement techniques

S 0 KA computer-integrated ultrasonics inspection system.

3.3.2.2.8 Human Factors

The "AS IS" factory environment for composite fabrication is extremely
labor-intensive except for those computer-driven systems which gutomatically
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cut prepreg broadgoods and the composite fubricators that smploy automatic
tape layers. One other exception irs sutoclave curing which is computer-
controlled but manually loaded and monitored.

There is a need to overcome ganerzl personnel problems such ag: low
morale; falling productivity; negative job satisfaction; interpersoral
conflicts; job stross and overlapping or duplication of effort. To improve
the motivational gosle of employees, the following suggestions ware offered:

o Educating personnel to the effects of automation

o Developing positive programs to overcome the natural resistance to

change

o Realistically defining gnals and objectives of the organization and

" communicating them to all employees

o Establishing &n effective recruiting, training, development program

0 Constantly reaffirming the organization‘'s objectives

o Continually evaluating thes activities of thas organization in relation

to its people and the external environment.
3.3.2.2.9 Trim _and brill Enhancements

The current approach to trimming, drilling, countersinking and reaming is
predominantly labor-oriented and physically hazardous. What is needed to
enhance these operations is to:

0 Reduce the number of detail parts by design

0 Reduce the requirements for fasteners by using bonded joints

o Develop the proper equipment with the right speeds and feeds

0 Reduce or eliminate inspection procedures

o Automate both drilling and trimming operations

‘ o Fabricate parts "met” to reduce trimming
. o Investigate new methods of cutting and trimming
3 0 Cut-in or mold-in holes during lamination.

3.3.2.2.10 Material Handling Material Kitting

Because most of the work in material handling and material kitting is
hend-labor, an integrated cystem that provides for the storage and transfer of
all materials and tools used in the fabrication process is needed. Emphasis
~hiould be concentrated on developing:

o Ey— -

0 An effective autoclave locading and unloading system

o An automated storage and retrieval system for movement of prepreg
material, in or out of the frecezer

o A system to move, store and control the layup/bonding tools within the
production center

o An effective means of moving large plies or parts in or out of th
layup fixture

o A "hands-off"” system to effectively conduct non-~destructive evaluation
when employing of x-ray or C-scan.
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It is possible that this integrated material handling system could be
married to a sophisti:asted kitting control system which would maintain the
work-in-process inventory within the freezer.

3.3.2.2.11 MHManufacturing Planning and Control

Since composite manufacturinp is a flow process, it is incumbent on
management to develop and implement realistic and cost-effective planning and
control mechanisms. There is a pressing need for automated systems that could
relieve the curcrent or-potentially "strained" production planning and control
mechanisms. These syrt=ms should have the capability of:

0 Reducing the amcunt of paper gensrated in today's factory

o Hanloading the shop

0 Furnishing current composite work instructions, components and tools
and be able to report shorteges

o Tracking work performed and identifying any anomalies

o Providing schedules that detail arrival time, start time and completion
dates of detsil parts and subassemblies

3.3.2.2.12 Shop Floor Control

Current shop floor control systems can be summarized as factory-hour data
collection and job tracking systems. Their inability to effectively control
and plan the dynamic aspects of composites manufacturing is a major
shortcoming. This shortcoming can be attributed to the following:

0 Current systems do not measure performance at a low enough level to be
effective in planning the actual work content and flow time

o The collected data is often not available in an accurate and timely
manner

o All of the necessary resources needed to produce composite parts are

not controlled by the sama system
© The shop floor control syctems are poorly integrated with the other

factory systems

o These systems do not provide a data base for storing and retrieving all
of the production information needed and generated in the manufacturing
process

o Current systems are inadequate in terms of decision support information
for production management

o "AS IS" systems, because they are intended to support factory-wide
operations, are difficult to change to support the unique needs of
compoSites manufacturing

0 Despite the semiautomated production control systems in use, shop floor
control is still extremely labor-intensive.
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3.3.2.2.13 Integral Structures X

The coalition found that current thinking on integral structures in the
composite community is centered around two major ideas: 1) ways to reduce
costs of composite parts, and 2) the development of innovative design
concepts which can use composite materials. ©One of the most revolutionary
aspects of composite manufacturing is the idea of building assemblies as
opposed to building detail parts and subsequently assembling them.

e R aen) g ¢

However, Lo increase the rate production of large integral composite
structures, technological improvements are needed in the fonllowing areas:

0 Cocuring of structural components with confidence

o Rapid inspection of complex structures

o Quickly, reliably, and inexpensively producing contoured and formed
laminates

0 Repair and/or rework of integral structures to correct manufacturing
defects and/or field damage )

0 Designing and building foolproof tooling for cocured structures

0 Hovement, storing, and curing of large complex structures

o Production of flat laminates automatically

o Formation of flat laminates

0 Production of structural stiffeners at rate
. o Effective integration of the design requirements with the automated
- production capability to achieve optimum performance/cost tradeoffs.

e 3.3.2.2.14 Automated Design Tools

At present, there nceds to be z2n automated method of translating stress
- and loads data requirements into laminate designs. Because the manufacturing
o environment is evolving, cost drivers are constantly changing in priority and
i magnitude. As a result, the tendency is to design a part based upon current
manufacturing techniques. This may be the single largest inhibitor to
productivity improvements in composites manufactucring. From this, two major
needs arise; 1) the need for a very close contact between composite part
designers and manufacturing technologists, and 2) the need for an accurate,
timely and easy-to-use means of accessing cost tradecff data and snalytical
tools.

RS LN 2
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The ability to predicate designs on the “TO BE" versus "AS IS”
manufacturing methods will be a major driver in the development and
implementation of new technology. Five besic needs were found in the area of
computer-aided design and its interaction with manufacturing:and quality

: assurance. )

o There must be the capability to design a compound-contoured composite
strucliure in three dimensions and automatically extract flat pattern
leyouts for each ply (automatically translate 3-D to 2-D).
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o The 3-D design nodel rust de divcetly translatable into quality
assurance inspecticn criteria to support the automated and
semigutomated ingpection of composite structures znd to aid in the
objective disposition of non-conforming parts.

o The 3-D and 2-D design model mist be directly translatable into control
commands to drive sutomated manufacturing and inspection equipment such
as robots, tape layers, cutters, nesting systems, ultrasonic and X-ray
devices and material handling equipment.

o The design model and its parent models (for its next higher assenrbly)
must be available for, and used to, design, coordinate, and manufacture
all tooling and check fixtures (or both the fabrication and assembly of
composite structures and their installation on the aircraft.

o The design model and associated parts list data must be directly
translated into manufacturing process plans with minimal human
intervention.

3.3.2.3 Prioritized Needs

The needs, as described throughout this paragraph (3.3.2), are a
synthesization of the needs of Vought, Northrop and General Dynamics.
However, the prioritization of "needs™ at any stage of a research and
development program is extremely risky. To estimate potential benefits
presumes that current real needs have been identified and conceptual solutions
can be scheduled developed and implemented. It also presumes thege solutions
are correct and cost-effective.

There are two methods by which these needs couid be prioritized. The
ficrst method was that the needs could be measured cordially, that is the
product of the difference between two measurements. The second method would
be to measure ordinally, that is to rank the needs >n a purely subjective
basis. The coalition used the subjective method because they felt that it
yielded greater credibility, especially considering the "global” invectigative
approach which they took to arrive at the needs.

These prioritized needs and their rationale can be found in Section 3.0 of
the Needs Analysis Document (NAD), NAD110511000 published 30 April 1982.
Appendix A, Appendix B and Appendix C of this same document defines the Needs
of Northrop, Vought and General Dynamics, respectively.

3.3.3 cComplete Current Practice Understanding (WBS 4.3.3)

A System Environment Document (SED), SED110511000, (refer to Volume III)
was prepared in accordance with paragraph 4.3.3 of the Statement-of-Work and
submitted to the Air Force on 31 May 1982. Thie decument described the
activities and information necessary to produce composite airframe structures
in the current aerospace environment.
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The activity mosels developed by the coalition were based on factory-view -
models used %y Morthrop, Vought ..nd General Dynamics. They reflect a

compositii , L < .Yriizing process from which generic activity models were
developed.

Subsequent to developing these composite/generic models, the coalition
visited the composite production facilities of McDonnell Douglas and Grurnman.
In general, Grumman's actual production operations differed slightly from
those of the coal®*ion's., Any rignificant differences were due largely to the
manner in which the physical manufarturing functions were performed and in the
naming of conventions for informational entities.

3.3.3.1 FEacilities

At Vought and Ganerzl Dymamics, farilities for composite structure
production are an integral part of the total manufacturing plant. At
Northrop, 2 single facility encompussing more than 320,000 square feect is
dedicated to composite structure manufacturing. The floor layout of this
Center is shown in Figure 3-12.

3.3.3.2 Hanufacturing Process

Compeosite fabrication is characteristically a flow-type manufacturing
process that produces a relatively small number of end-items to support
asgsembly line requirements. At Northrop, for the F/A-18A aircraft, nearly
2,300 pounds of graphite are used in the 28 graphite composite subascemblies
which consist of approximately 60 composite details.

Vought's manufacturing effort is primarily dedicated to fiberglass/époxy
composites, Kevlar and praphite composites in doors, elevators, rudders,
spars, ribs, ote. on the Boeing 747, 757 and 767 programs.

The facilities at General Dynamics can produce approximately 800 pounds of
composite laminates eich month. Eighty percent of this capacity is achieved
through automated tap: laying machines; the remaining 20 percent is produced
by hand. Priracry constituents of thesc composite laminates include graphite

and fiberglass fibers for the horizontal and vertical stabilizer skins of the
F-'6.

The fabrication of composite parts can be categorized into three basic
types of end products-details, cocured assemblies, and mechanically fastened
azgemblies. Composite dcizi) manufacturing differs from cocured and
mechanically factencd assembly operaiions in that the end-item resulting from
composite detail manufacturing becomes a component of the other two -
processes. The major difference between the cocured assembly operation and
the mechanically fastened cperation is that in the cocured process, hard parts
are autoclaved cured to form a bonded subassembly. 1In the mechanically

fastened process, "bonding"” of parts is accomplished by manually fastening-
components.
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3.3.3.3 Msterials

i’repx:eg material includes both uridircceiiona)l and woven material. The
material could be tapes messuring arz liitle &3 3 inches ia width or broadgcoods
. ‘ measuring up to 60 inches. Vought and General Dynamics primarily use tapes;
1
]
1

P OSSR

Nocthrop uses broadcloth.

The broadcloth is stored at O*F. 1t ir thawed for approximately 16 hours
before use. It is cut on a Gerber table. Hormally five layers of broadcloth
are laid and cut simultancously. Besides graphite, fiberglass and adhesive
broadgoods are also cut by the Gerkher. Two computer-controlled Gerber
reciprocating knife cutters are used. Sufficient broadgoods are cut, kitted
and stored to normally ensure the availability of five shipsets at all times.

The layup operations for detail parts and cocured assemblies entall the
laying of the broadplies, ply-on-ply, cnto the bonding tool for subsequent
curing. Tape laying machines are used by Geucral Dynamics and Yought; some
tape laying is also done manually.

e s

3 The layup is debulked every five pliez to compact the ply layers and to
£ eliminate airpockets. The bagged layup is checked for leaks at the

' sutoclave. Once inside, thermocouple wires are attached for computer

bt monitoring. After curing, the tools are removed from the autoclave, debagged,
' the part removed and the tool cleaned. After being inspected, the part is

. transported to the final assembly line stockroom.

3.3.3.4 Information Model
[ Two aggregate diagrams trepresenting the architecture of the "AS IS"
_ : information model developed for Task C are presented in Pigure 3-13 and 3-14.

The first figure describes the entity and relational classes primarily
aggociated with preparing snd issuing work authorization packages. The second
figure describes the structure of information relative to the processes

iy ' associuted with composite parts fabrication. Taken together, the two figures
represent the total entity and relational classes of the IDEF1 information
modal of Appendix A of the SED dated 31 Hay 1982.

C @ 3.3.3.5 IDRFQ Activity Hodel

The IDEF® activity wmodel represents the enviroament of aerospace
. composites manufacturing. It focuses on the recurring production of parts.
However, it does not attempt to describe all of the functions and information
necessary to produce composite parts.

As part of their analysis, the coalition reviewed the ICAM Architecture of
Design and Manufacturing (DES® and MFG®) for their applicability to
composites manufacturing. It was determined that these two architectures
adequately reflected the functiong and information which were needed to
manufacture composite parts in the aerospace environment.
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A conplete, detailced discussion of tha IDEF® activity model with

- fllustrations ic availenle in the Jystems Environment Document (SED1105110C0),
(refer to Volume 111, Paris 3A and 38) which was submitted to the Air Force on
31 Hay 1982.

3.3.4 Task C, Formuiate Improvement Cencepts (WBS 4.3.4)

Using the dynamics model end simulaticen regults established in the System
Environment Document as u baselinc, the coaiition identifled improvement
opportunities for production methods now in practice. This analysis led to a
verification of the needs identified in the Task C, Needs Analysis Document.
Additional needs were identifind durirg this study; they are defined
specifically in the Systems Requirement Document (SRD), SRD110511000,
submitted to the Air Force on 31 July 1982 (rofetr to Volume I1I, pact 5).

These improvement concepts were largely conceptual in nature; nevertheless, they
were used to gulde the efforts of the program into arcas of need shich
potentially offered the highest return on investment. MNaeds which evolved
from the analysis completed in the HNeeds Analysis Document were valldated in
the System Requirements Document .

Requirements, as well as any associated technological voids, were
cogt-estimated and .eranked, based on the availabiiity of all rosources, the
projected cost savings and the subjective interpietation of all data. These
coucepts are examined further in paragraph 3.3.6 ¢f this document.

3.3.5 Define Integrated Compogites Center System Concepts (WBS 4.3.5)

Current practices in composites manufacturing were assessed by surveying
the composite production faciliti.s of Northrop Vought, General Dynanics,
Grumman, McDonnell Douglas and Bell Helicopter.

specifications were reviaewed to ¢stablish which needs could be satiefied by
commercially available technologies and equipment. Because of the relative
newness of high strength composites in alrframe manufacturing and the
comparatively low production volume and rates currently experienced in the
aircraft industry for composite parts, it was discovered thal large technolegy
voids exist.

E In addition, equipment vendors weve contascted and literature and

One area of particular interest to the coalition In thcir state-of-the-art
invesiigation was the sutomated laminating celis a‘ Horthrop, Vought, General
Dynamics, and Grumman. All these cells were develioved under ManTach
* Production Integraticn contracts from the AFWAL/MLTN with the cxception of the
Vought system which was intermally funded.

The findings of ths state-of-the-art investigation were submitted to the
TICAM PMO for review and coiments under report number SAD1INS1OLOO,
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State-of-the-Art vou ~wmi, T2k C, Integrated Cou.. ~gltes Center Réquiremants
and Design, dated HMay 1%uc .85 to Volume III, Pac: 3, ' '

3.2.6 Produce "TO-BE" Integrated Composites Center Syatems h-quirementsg
Document (WBS 4.1.4)

The SRD (refer to Volume 111, Part 5) document describes requirements
which must be fulfilled by the “TO BE" [CC system. Northrop, Vought and
General Dynamics each individually analyzed the requirements needed to improve
thelr specific composite production systems and defined the requirements and
technologies needed to elevale composites manufacturing into the 1990
time-frame. Various composite manifacluring operations were grouped or
clustered t2 visualize how they would interrelate with the entire fabrication
or subassembly process. while this method might not be applicable to all
manufacturing firms, it did serve &s a coalition standard in the transitioning
process. The coalition then established certain ground rules on which to base
their assumptions of composites manufacturing in the 1990 time-frame - they
are as follows:

o The trend to automation will accelerate in all phases of composite
fabrication and subassembly

o The elimination of autoclaves, ovens or similar heat/pressure vessels
is highly unlikely

0 The major composite material wiil be graphite/epoxy with 250® and 350°F
cure profiles

o Nondestructive Evaluation will not disappear nor be greatly reduced,
especially for primary structures

0 The demand for composites will continue to grow at an anticipated 35%
annual rate

0 Since the aerc:pace comrnurity is committed to composites, the necessary
resources will be provided to develop the logical primary and support
systens.

Using these groundrules as a baseline, the following paragraphs describe
the specific perfoirmante requirements to be satisfied by the "TO BE" system.

3.3.6.1 Composite Laminating Requirements

Praesent automated laminating techniques are for parts that are essentially
flat or only sligntly contoured. The next-generation aircraft will require -
compasite materials for major secondary and primary structures such 8s wings,
fugelgges und the entire empennage structure. This will require moie advanced
methods of laminating capable of forming complex contours and of dispensing
both narrow and wide tapes.
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Larinating is the process by which a composite detail part or structural
component is fabricatedsformed by placing or building-up one lamina (a single
/ , . ply or fiber) superimposed on snother until the required density is achieved.
‘ Composite laminating requirenents include:

0 The capability to accommodste varlous composite material forms

o The ability to employ these forms to fabricate components without size
constraints, notwithstanding design, curing and nondestructive
evaluation

o An automated storage and retrieval mechanism to be used in conjunction
with 2 full-up, real-time inventory management system for both raw
materials and wotk-in- process.

0o Automatic, computer driven cutting of composite materials that consists
of one or all of th following methods:

Laser

Waterjet

Gerber reciprocatinpg knife
Steel rule dies

o Sophisticatcd nesting, identification/labeling and kitting systems to
maximize efficiency and cost-effectiveness of these automated cutting

techniques

0 Low cost; automated, in-process inspection procedures, such as on-line
video inspection based on some type of accept-reject criteria.

3.3.6.2 Filament Winding

Filament winding iz a laminating technique now being given considerable
study. 1Its most common applications at present are in conical/cylindrical
configuration: and for rotor blades and driveshafts of roto-wing aircraft.
The following requirements are needed to enhance present filament winding
capability.

' 0 Provide complex shape capability in mandrel design and fabdbrication

0 Solidi{y machine motion technology (hydraulic versus electronics)

0 Increase microprocessor capabilities to handle a myriad of winding
motions

i i, ook o

0 Control with diagnostic capabilities

O L aaid

0 Remotc location prograrming

o Acceleration of hybridization of composites
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o Design of parts thet can be filsaent wound.

3.3.6.3 Pultcusion

Pultrusion is a quasi-laminating procedure which ig the compogite
equivalent of the motallic extrusion process. This procesg is presently best
suited for producing low-cost, constant, cross-section structucal shapes. To
expand the role of pultrucsion in manufacturing, the following requirements
must be fulfilled:

o Standacdization of structural shapes and stiftening elements

o The capability tc "pull"” and cure concave/convex shapes with and
rithout constant cross-sections

o The acceptance of random fiber location within the cured component.
3.3.6.4 Braiding

Bralding is a laminating technique which had ite foundation in theo textile
industry. The requirements to enhance this process are:

0 Better materlals in terms of consistent braid patterns and control of
fiberc to prohibit twisting

o Non-tacking prepreg tows

o wet rciin/fiber braiding.
3.3.6.5 Centrifugal Casting

Centrifug il Casting is used to fsbricate cylindrical shapes. Thege are
molding techniques that could lend themselves to the production of
aerospace-quality componints, depending on the structural integrity which must
be maintained and include: .

o Injection molding

o Compre 1sion molding

0 Resin iransfer molding.

3.3.6.6 Requirements for Composite Bagging

Bagging i required when the cure of the laminate takes pla L oan
autoclave or sven. The entire bagging process is extremely la:. 1intensive,
especially wh:u disposable bags are used. The requirements for bagging during
autoclave operations in the "TO BE" Integrated Compositas Center include:
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o Eliminstion cf dicposable baps

o v

LA

- 0 Development of low-cost, veusable bags that are impervious to matcix -
volatiles :

o Eliminaticn or vreduction of inspection "buy-offs”
0 Design > precut conzummables -
o Automation of entlce bagging operation

o Development of cpecialized bagging procedures to achieve consistency

3.3.6.7 Regquirements for ths Design/Manufacturing/Quality Assurance Interface

Decign analysis mist be made early enough in the product life cycle to
ensure that new progprams take full advantape of existlng production programs
and various research .und development efforts which have been undertaken
between production programs. This requirement could be satisfied by automated
data collection techniques and reporting methods and a means of effectively
accessing and retrieving this information. Specific system requirements would
include:

o An increase in the use of computer-aided design (CAD) and
computer-aided manufacturing (CAM)

o The integration of CAD/CAM and computer-aided testing and inspection

o Use of computer graphics to design aircraft, provide 3-D modeling,
on-screen testing and video flight simulation

i e 1 e o . T SR e e T

0 The development of a common data pool directly accessible to structural
analysts, design engineers, HC programmers, inspection and cost analysts

o The use of solid modeling to identify such variables as volume and
center of gravity

¢ The standardizutlon and computerization of process planning with
built-in quality control manufacturing engineering data check

o Hardware/software compatibility with defined procedures
0 Group technology support system structure

0 Integrated communications flow between design, manufacturing and
quality.
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3.3.6.8 System Requirewents for Cowpczite Curing

Te affect the transition from the "AS 18" to the "TO BE™ condition, the
following requirements for both the autoclave and non-autoclave cures must be

Implement a cost-effective, computetized method to monitor and control -
the curing process with the ability to identify in-process anomalies
and a faeeddback loop for corrective action

Reduce the number of cure profiles by 50%

Cang-101d discrete curing fixtures on a "master” fixture in the
autoclave staping area

Recycle the heat and pressure that is vented off upon completion of the
cure to reduce recurring costs of autoclave operstion ’

Develop a queuing system for autoclave staging and leading
Increase use and acceptance .of cocuring

Develop a method for lamina/resin material characterization coupled
with time/pressure/temperature sensing during curing.

P Other curing techniques will require:

; o For thermal expansion moiding, tighter control of the pressure between
Ct the rubber mandcels, more accurate calculation of thermal expansion,
snd tighter contcol of temperature profile .
l . o For matched metal dies, more cost-effective dies with fastar heat-up
: and cool-down capabilities
i . . ,
. o For pultrusion, since the requirement is for dies configured to produce
> pultrusions of varying cross-sections, a "staged”™ curing system may be
neaded
o For oven curing. the requirements are the same as for the autoclave.
N 3.3.6.9 Requirements for Conposite Materials

o

(]

id

To reduce the risks associated with introducing new composite materials
int) ongoing production programs, the requirements are:

Future organic matrix resins that are easler to process

Tougher Matrix material with greater resistance to impact
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o More envirommenial stablility, i.s., low moistuye absotpt!qo

‘o Boiiiure resistant (300° to 350° curing) tough resin for subsonic
military transpocts

0 Greater thermal étability for the 350°F cure system for fighggr aireraft
o0 Tighter control of material tack ‘

o Longer or unlimited out-timﬁ;.no refrigeration required

0 Increased testing and cheracterization of thermoplastics

0o Low fiber and resin matrix cosis

0 Higher temperature rasin system

0 Contlinued development of hybrid composites and self-gdhesive material
system

i o Continued investigation into radar-absorbing materials
o Tighter control of resin/fiber content by vendor

; o Development of an experimentally generated data base on composite
material maintainability and field cepairc

© Continued work on whisker composites

-0 Investigations Into resing with thermal stability in the 350° to S00°F
range with high strain to-failure ratios

0 In-house composite prepreg manufacturing facilities.

3.1.6.10 Requirements for Composite.Tooliqg

System requirements for tooling of composxte materials, prodicated on the
autoclave 2s the curing medium, include:

o Development of new materials or the improvement of existing msterials
that will produce tools that are dursble, (minimum of 500 cure cycles)
dimensionally stable, leak-proof and inexpensive

o Tools able to accommodate reusable bags with instrumentation to °
identify in-process curing anomalies

0 Tools with a surface finish that would require minimum tihe in the tool
preparation station and allow for easy removal of the cured component
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}%;a - . e Tools which can be casily repaired and maintained
' o TYools 3:s-ived ftom mathematical models used in conjunction with CAD/CAM

to produce exact replicates

i ¢ Jacking studs used in the tocl substructure to provide adjustabdle
) contours in the curing fixture

0 Tools with locating deovices to ensure the correct location of the
laminate and to prevent lamirate movement.

Table 3-3 illustrates several tooling material compacisons.

.6.11 »§ig&au Requirements for Quality Assurance and Control

2
w

) The aystem requirements for quality assurance/quality control in the
“TO BE™ envirtonmeni are:

0 Gradual elimination of human interpretation of the various NDT
evaluat jon tectiniques

o Elimination of in-process quality inspection in layup by esteblishing
repeal ibility and standardization through automation

0 On-linn/real-time video inspection techniques

o Use of non-film radiography |

o Digita' computer enhancements of radiographs and fluoroscopic techniques
o Proced ires to inspect the wing/fuselage interface

o Ablility to inspect ard probe the acceptability of parts prior to cure

o The uu- of 3-D, photogrammetric or other orthographic video ingpection

A technijues to match the completed component with a computergraphic
; represcntstion of the engineering design

s % meane

o BEmphas:s on video inspection techniques

. o Developmant of Mil-Standards for composite materials.

3.3.6.12 Syutem Requirements for Muran Pactors

The gystem requirrments for Huran Factors in the "TO BE" Integrated
Cempogsite Centvr are: :

o Adequate profcssional development for both managers and non-managecs
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Table 3 4 toalﬁng-mterlal Comparisons

Material Advantages Disadvantages ;
Cast 0 Very stable o Incompatible thermal }
Ceramic ' expansion |

o Cun be used for self- o Model and splash required
heating tools o Chips easily
o Slow heat-up rate, unless
seif-heated
o Difficult to drill after
being cast
Silicone o Limited shape restrictions o Pressure hard to control
Rubber o Transmits pressure readily | o Loses dimensional stability °
o Cheap for duplicate tooling with repeated use
o Model needed/design
’ critical i
o Not for skins ]
Steel o Dimensionally stable with o High tool weight
temperature excursion o Slow machining )
o Compatible coefficent of o Slow heatup rate !
thermal expansion }
o Mold surface obtained :
directly from NC !
program . -
o Provides hard surface,
damage tolerant
o Can be brake formed
Iron or o Compatible thermal o Expensive
Nickel expansion o Bulld plaster mocdel to
(Electroform) | o Good hest-up rate obtain contour
o Dimensionally stable o Lack of plating capacity
o Hard jig pick-up points of the tool manufactures
High-Temp o Good hest-up rate o Tool degrades at 350° cure
Gr/Epoxy o Rapid tool fabrication cycles
o Dimensional stable for 0 Dursbility problem
cures up to 250° o Requires plaster model
o Tooling hard points . )
provided
o Compatible thermal
expansion
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Incraaaed participation in the decislon-m&klng process

Po'itive tcinforcement programs Lo overcome reaintnnco £o ehanga B
o Increased covmltment to timely dissemination of information

‘ 0 lncorporatlng key principles of quallty ciccles, qunlity of work life
and particlipative runagement into the factory

. 0 Development of &n atiitude change by mansgement acknowledging thet
today's workforce is more sophisticated and better educated than
previous genarations :

o Development of rewsrd systems placing emphasis on long-range strategic
planning

‘! 0 An sll-encoxpassing progrem to develop the computer literucy of both

managers and non-managers

o0 Tralning in new composite systems via the computer or other
state-of-the-art equipment.

3.3.6.13 BRequirements for Trimming and drilling of Composites

The system requitements for the trim and drill module in the "TO BE™
Integrated Composites Center are::

0 To train composite structures designersgs to employ the unique
aero-elastic properties of composite materials eno sctually design to
reduce the number of detail parts

0 To reduce the number of fasteners by developing confiderce in bended
Joints

o To introduce automation into the drilling end trimming cporations
0 To fabricate laminates to thelr "net” configuration

0 To implement cutting tool and coolant techinology te avoid short tool
life, delaminations and heat bulld-up

o To automate in-process lnspection procedures
. 0 Tc¢ develop low-cost trim and drill fixtures

o To implement sdvsnced optical control of waterjet cuttlng systems,
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3 3 6.14 System lequircrents for Material Handlln; itting

The future requiroment for material handlln;lkitting is for .
computer controlled, integrated handling system that provides for the
tracking, ctorage and transfer of the composite material and related
consumables as well as for the layup tools/bonding fixtures used in the
fabrication process. This would encompass:

o A low-cost, effirctive autoclave/oven loading and unloading system

0 An automated storage and retrieval system to move prepreg material,
; kitted cr not, in and out of the freezer

o A means for quickly moving kitted material to the layup area

© Automated techniques to move and control the layup/bonding fixtures
within the production center

ey e a ..

0 A cost-effective technique to move large plies or parts either into, or
out of, the layup fixture

o Material handling systems to provide for a "hands off" approach to NDE
! using x-ray and C- scan techniques

o Integration of the material handling system with the shop floor control
system to maintain and control work-in-process inventory.

3.3.6.15 Requirements for a Manufacturing Planning and Control System

The following requirements musl be implemented in the "TO BE™
Han ifacturing Planning and Control Systen:

i 0 A system to keep production cycles at optimum, i.e., msaximize use of
E - scarce rrsources

o Provision for a reduction in lead times

o Purnishing correct composite work instructions packages via sequential
3-D models in CRTs

o Greater flexihilityAin information gathering, digesling, and
digsemination to raduce the amount of paper generated in composite
production ) L

o Provide real time status of planning versus actuals with inventory -
control (both raw material and work-in-process) to maintain production
schedules and reduce xnventory costs
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ﬁtlndardlzed production plana that correctly reflect shup iloo.
. "OC(' \-\urﬂ ko -

o Establish a datn managcment structure

© Real-time status reporting on composite facility capabiiity, machine
status, load status for support products and non conforrance trends.

3.3.6.16 Requirements for s Composites Shop Floor Control System

The composiles center must be organized in a hlernrchical;hanner by
standardizing detail Jdesigns and developing computer alds for mznufacturing
planning and related systems. The typical levels of hiersvrchy are:

0 Center
5 0o Cell
o Station

o0 Process

o Operation.
This hieracrchy must stress flexibility to allow the shop floor control
. SRS system to function properly and to evolve toward the automated systems and
I equipment being introduced.

3.2.6.17 Inventory Managzement

The inventory management component of the ICC will have to effectively
interface with purchasing and finance for information storage. transfer -and
retrieval, It must maintain inventory levels consistent with production
requirements and must wonitor 2nd maintain the storage location of the
material. The invoiced cost of materials must be tracked, requisitions issued
and spollage information recorded and reported.

3.3.6.18 Requirements Ceneration and Order Writing

In the ICC, order writing and requiremenis generation are needed to plan
the sequence of production arders from start to completion., Gress
requirements are plannzd from three months to a year in advance of actual
_ release of orders to the composites center. Net requirements zre the gross

- requirements after being adjusted for scrapped or lost parts or last minute
needs. This activity must be able to calculate what parts are neeted, when
they are needed, how many arc nreeded and what account they shiuld Y2 charged
to. :
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3.3.6.19 Work-In-Process Control

The work-in-process control will influence the flow of production orders
through the various work stations to ensure that schedules are met. This
function will also contcrol the allocation of resources to ensure that they are
expended efficiently. The work-in process control must meet the following
requirements:

o The work must be controlicd at each level of the hiecvar:hy

o Production orders and rework orders must be scheduled and controlled
based on priority, need date and rvesourre use

0 The workload must be effectively planned at each node of the hierarchy
to optimize performance

o Resources must be zvailable at each production step

0 Information must be available to determine the schedule and completion
status of each production order

o The system 1wust manage and control the allocation of al. ICC resources

o The system must requisition raw materials, move orders 'o the material
handling system and maintain a2n inventory of all produc'ion items.

3.3.6.20 Personnel Management

The 1CC shop floor control system must maintain the following personnel
parameters:

o Available manpower

o Proficiency skill levels
o Training requirements

o Quality performance

o Job classifications.

3.3.6.21 Tool Management

The ICC shop floor control system must monitor and maintain the following
information on contract tools:

o Current location and job number
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o Rework status (estimated completion date)
o Engineering change level incorporated in tool

o Tool capabilities

o Physical characteristics

o Autoclave history (number of cure cycles undergone estimated remaining i
cure cycles) ;

0 Cure profile class (for gang loading)
0 Quality history

o Number and s2rial of duplicate tools or potential substitute tools.

e s n el e e

3.3.6.22 Facilities Management

The 1CC shop floor control system will have to monitor and control the
maintenance of the physical plant, services and equipment. Unplanned and
unscheduled outages of vital facilities and equipment must be minimized. When
they occur, Facilities Management must provide contingency plans so as not to
interrupt the workf Low.

3.3.6.23 Quality Assurance Management

To reduce the cost and time requirements of quality functi »ns without
‘reducing credibility, the QA inspection functions nust be intej;rated with the
overall ICC production process. The syctem must monitor and control the
allocation of resources, workmanship, conformance to design and the assignment
of work to the Quality Control inspection stations and the Materials Review

Board.

.
3

3.3.6.24 Queue Management

Queues will be necessary in the FoF to maintain a smooth work flow and
minimize unplanned shortages or outages. Queues are desirable to take
advantage of specific high cost resources such as autoclaves and high volume
resources such as automated ply cutting. The major requirement of the Queue
Management system is to balance schedule requirements. The following queues
will be managed within the 1CC:

0 Shop load queue
o Kitted ply queuc

o Kitted part queue

G gt e et O T T TR s .
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o Hork-in—pfocess queue

o Autoclave queue

o Tool maintenance queue

o Inspection queue ‘ ' -
o Materials haadling queue.

3.3.6.25 Information Management

Data handling and information processing are integral parts of all
functions within the ICC. The following are specific requirements which wust
be satisfied:

o Deta that is easy to store and retrieve through automated methods

o Access to information on a need- to- know basis

o Data that is related in meaningful ways to avoid the ne:essity for
interpretations and assumptions

o Data that is accurate and timely
o Checks to preclude unauthorized access and to update information

o A response time for data entry and information within acceptable
tolerances

3.3.6.26 Contingency Management

A major element in the effective control of the ICC is the ability to plan
the workload and ensure that the plan is carried out. The following :
requirements exist for contingency planning and crisis management: . !

o Shop load forecasting with a variable time horizon, with a variable ;
workload, and with variable resource levels

AR

o Resource requirements forecasting

o Risk projections

o Estimated completion dates -
o Determination of slack or overioaded resources

o Critical path determination using actual or simulated vorkloads.
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3.3.6.27 Integratisn Management

Perhaps the largest contribution the shop floor conitol system can make to
the ICC is integrating the various subsystems into a unified system to meet
schedule and cost targets. The requirement must be satisfied to establish a
comnon data base structure that integrates and shares all common information,
including integration with the management information data base. Also, all
production and support system information must be channeled into this common
data dase.

3.3.6.28 System Requirements for Integral Structures

Adopting integral structure composite technology in the arrcospace
environment would provide substantial cost and weight savings in future
aircraft. The requirements for accelerating this technology into a production
mode are:

o A sophisticated, cost-effective technology to layup integral structures

o Characterization of mandrel technology to enhance ease of removal

0 Procedures and tools to NDE the completed cure structure

o Promote curing mediums other than autoclave

o Develop in-the-field repair and inspection procedures that are reliable
and repeatable

0 Reduce risks involved in fabrication, bagging and cocure of the
stiffeners and skins where faulty layup techniques are involved

o Develop material handling systems to move large structures

0 Re-evaluate final assembly procedures to provide for the acceptance of
large structures thus replacing many individual components.

3.3.6.29 System Requirements of Automated Design Tools

System requirements for automated design tools would be:
0 Enhancements in computer-aided design
0 On-screen testing

0 Models for predicting fatigue and damage growth behavior in the
computer software

o Increa: ¢d programming and a power base to simulate flight on the CRT

3-65

%t > oy Y OO e - X e g . e e -,\‘

iy s s s




P W T

FTR110510000U
29 June 1984

o0 Usc of computer graphics to move away from wire-mesh images into more
realistic representations of solid objects

o Establishment of an industry-wide structural composite data pool
available to design, engineering and cost.

3.3.6.30 Estimated Cost and Benefits

Projections of the estimated cost and benefits of a fully :leveloped
Integrated Composites Center are discussed in paragraphs 3.2 and 3.3 of the
Systems Requirement Document which was subnitted to the Air Force on 31 July
1982. These estimated costs imply that all system requirements have been
identified and correctly defined. However, as in all research work, the data
is always suspect and subject to continual scrutinizing and interpretations.
It should be noted that while a firm at the beginning of its composite
programming may be a2ble to achieve considerable savings, another company, well
into its program, would probably realize lesser savings.

3.3.6.31 Requirements Prioritization

There are two basic techniques used to prioritize or rank the requirements
discussed in this report. The first method assumes that the requirements can
be measured carninally, or that measurements can be made which are numerically
significant. The second approach is that they can be ranked ordinally. This
latter approach means only that the requirements can be ranked based purely on
a subjective determination on satisfying a single requirement. For this
weport, the system requirements were ranked using a combination of both
spproaches. The systems were ranked sequentially as follows:

o Composite Shop Floor Control System

o Advancements in Quality Control of Composites

o Composites: Manufacturing Planning and Control

o Composite Materials

0 Tooling for Complete Material Fabrication

0 Integrally Stiffened Composite Structures

o Composite Bagging Advancements

0 Composite Laminating

o Enhancements in the Design/Manufacturing Interface

o Design "Tools” for Composites

o Human Factors.
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3.3.6.32 Appendices

Appendices A, B and C of the Systems Pequirement Document of 31 July 1982
describes in depth the advancement in the control and production of composite
parts by Morthrop, Vought and General Dynamics. Each of these Appendices

provides views of the System Requirements as seen by each coalition member.

3.3.7 Preliminary Design Subplan (WBS 4.3.7)

Task E of the Integrated Composites Center, Preliminary Design, outlines
three major areas of focus which were incorporated into the System Specifica-
tion which was submitted to the Air Force for approval on 30 November 1982.
The Preliminary Design Subplan also updated the Master Plan and Schedule for
each milestone phase, task, and event.

The first area of focus of the Preliminary Design Subplan addressed
general information including approved identification, nomenclature, author-
ized abbreviations and purpose of the System Specification. A summary of the
existing system describing its purpose and function was also provided. This
data supported and enhanced the System Specification.

The second area of focus provided a compilation of applicable documents
which included previously developed documentation relating to this project,
relevant documentation covering related projects and standards or
specifications required to understand, support and augment the System
Specification. Terms and abbreviations indigenous to the System Specification
were listed and defined.

The third area was the crux of the System Specification. It provided a
narrative and technical delineation of the system specifications required to
accomplish the transition from the “AS IS" to tha "TO BE" (generation +1) for
composite manufacturing.

3.3.8 Task E, Produce Preliminary Design (WBS 4.3.8)

Based upon the requirements developed during the Base Program and
documented in the SRD, Task E the Preliminary Design (Phase II1, Option 2) of
an ICC was awarded. Figure 3-15 provides an outline of WBS items used to
accomplish this task. This design included shop floor subsystems, planning
4 and control subsystems and a Management Information System. The subsystem
ft modules developed as part of the IPS, HCMM AND IDSS projects were included in
: the ICC design as well as the QA/GC results of Task D.

Three site-specific Preliminary Designs were developed by Northrop, Vought
and General Dynamics. These designs were oriented toward fighter and
bomber/transport aircraft. Also, a Preliminary Design of a generic ICC was
developed by the coalition. This generic ICC, as develoyed, would be able to
produce components for both fighter and bomber/transport aircraft.
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Technology transfer and portability were key design considerations.
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Figure 3-15 Task E Objectives by WBS

Each

of the four preliminary designs included system test plans and an estimate of

the size of parts, part types and production rates which could be expected to
be produced by these "TO BE" centers.

3.3.8.1 Refine and Di-tail Requirements (WBS 4.3.8.1)

The results of this task were described in the System Specification

Document (SS 110511000) on 30 November 1982 (refer to Volume Il1I, Part 6).

Its purpose was:

to detail the system requirements to the maximum extent

possible; to assure the reliability and validity of the requirements; and to
promote understanding between the user and the contractor before initiating

system design.

This cystem specification provided for the maunufacture of

aerospace composite detail parts and subassemblies.
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3.3.8.1.1 Overview of Generic System Specifications - The following is a
broad overview of the major characteristics of the "To Be" Integrated
Composites Center (ICC). The ICC must schedule and control the fabrication
and subassembly of structurally ac<eptable composite components for both
fighter-type and transport-type aircraft. For fighter-type aircraft, this
means achieving an estimated production rate of 14 to 20 aircraft per month,
with between 1,500 and 3,000 pounds of flyaway composite material on each
aircraft. This translates into 10 to 50 percent of the airframe weight, which
is sufficient to meet existing requirements and future projections. For
transport-type aircraft, the production rate is estimated at between 3 and S
aircraft per month with 5,000 to 15,000 pounds of composite material for esch
structural airframe.

However, the ICC may have to process an additional 20% of material to
compensate for scheduled and unscheduled over allocation of material that
occurs during the various stages of the fabrication and subassembly process.
The size of structures that the ICC must accommodate will range from doors and
panels for fighters to wing and empennage components for transport-type
aircraft. They may be large flat laminates or small subassemblies with
convoluting lines and surfaces.

The 1CC must have the ability to laminate these structures using
technologies that employ both broadgoods and tape-laying manufacturing
approaches. The laminating cell will employ automated material-cutting
techniques, as well as filament-winding capabilities, some pultruding of
constant cross-section shapes, and limited injection-molding capabilities for
nonstructural clips and brackets. There will be a flat laminating module for
actual layup or preplying for subsequent forming and ply deposition techniques
using both robotics and composite technicians. Modules for filament winding,
pultrusion and injection molding will be present in the laminating cell.

All primary structures will be bagged and cured in an autoclave.
Secondary structures may be vacuum bagged and cured in an oven or autoclave.
Specialized curing vessels such as presses or mated dies will also be
available.

A cell will be available for the trimming and drilling operations
employing the latest equipment such as robots, waterjet cutters and cutting
tool technology. Trimming and drilling is one of the more physically
demanding, hazardous, and repetitive operations associated with composite
fabrication and subassembly. Any contribution made by this cell in reducing
the amount of human interface will be translated into less stringent OSHA
requirements and improved safety performance. With proper design and
manufacturing interface, the dependence on the cell could be reduced by laying
up laminates in near net shapes and molding-in holes.

Permeating all of these physical processes will be checks made by the
quality control cell to ensure that the structural integrity of the composite
component is maintained. This would include, but not be limited to, initial
receiving and inspection on-line, in-process inspection techniques, and
state-of-the-art nondestructive evaluation and inspection procedures (C-scan,
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nonfilm radiography, etc.). All would ba computer controlled with respect to

part movement and testing procedures. Cowputer interpretation of test results
would establish accept/reject criteria. Every attempt will be uade within the
Integrated Composites Center to minimize the impact (and thus the cost) of
quality control through the use of statistics and the developuwent of
production processes that maintain product consistency.

Within the ICC, there will be cells specifically dedicated: to
subassembly (tlie joining of composite details with core, stiffeners, or
metallic details); to the reworking of cured laminates or subassemblies that
have not met specifications; and to tooling preparation, maintenance and minor
repair. Given the type of activities indigenous to each of these cells, and
operating under the most optimistic of scenarios, it is still likely that
these cells will be labor-intensive.

Tools, materials and composite components will move within the center via
the automated material-handling system. This system, as well as the
activities or physical processes that occur in each of the cells, will be
directed by the ICC management system. The system will cost-effectively
manage all resources required to manufacture composite components.

3.3.8.1.2 Northrop's Integrated Composites Center - At this stage of
development, Northrop's "TO BE" Integrated Composites Center is a logical
construct of interrelated subsystems. It will be a largely autonomous
operation within the overall framework of Northrop's factory environment. 1Its
operation will be coordinated to optimize the overall factory production
capability. Many factory functions, not unique to composites manufacturing,
but common to each of the subassembly and/or fabrication centers, will be
relegated to factory level systems. This will allow the ICC to specialize in
specific production requirements.

Because the ICC is seen as a "new" subcystem within a relatively "old"
factory system, it is probable that the ICC design will require performance
standards that existing factory level systems cannot adequately support. In
thege cases, specific performance parameters will be established.

In order to achieve its ICC goals, Northrop has chosen to include the
production of both large and small sircraft components within its ICC. Its
design will be based upon both the F-18A and F-20 production requirements but
will also include production of a large, transport-type aircraft components
within its requirements envelope.

Figure 3-16 shows the major components of Northrop's Integrated Composite
Center. For a complete discussion of Northrop's future plans in developing
its 1CC, refer to Appendix A, of Task C, ICC Requirements and Design System
Specification Document (SS110511000) which was submitted to the Alr Force on
30 November 1982.
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3.3.8.1.3 Vought's Integrated Composites Center Preliminary Design - Based on
the Systems Requirement Document, Vought designed a specialized production
system -and physical center for the production of composite parts and
subassemblies. This system and center will be used as the basis for
developing Vought's ICC.

When developing the strategy for the factory level system frrmework and
its tie with the center, it must be understood that most functions of
manufacturing will not change. Wwhat will change is the manner in which
manufacturing operations are planned and conducted, and possibly the sequence
in which they are accomplished. Some ingredients required in the successfui
development of the ICC will be: Group Tecanology, Direct Numerical Control,
Robots, CAD/CAM and the use of such lesding edge technologies as Generative
Process Planning and 3-D Solid Geometric Modeling.

At the present time, Vought is committed to the production of large
aircraft and helicopter composite components under existing contracts. Tae
systems and facilities currently in place will be used as a basis for
developing Vought's "TO BE" system. These facilities such as the Integrated
Process System (Figure 3-17) will providec the basis for the automated
laminating cell and the three autoclave systems presently in place will be
used as the thermal cycling cell. The centra. factory level Manufacturing
Control System will provide the basis for the Shop Floor Control and Planning
Control systems.

Figure 3-18, the Integrated Composite Center interface, depicts the
interactions with the Production Control Center and Data Management and
Manufacturing Control Center as well as between the various cells within the
ICC. ’

For a complete discussion of Yought's plans for the development of its
ICC, refer to Appendix B of Task €, ICC Requirements and Design System
Specification Document (SS 110511000) which was submitted to the Air Force on
30 November 1982.

3.3.8.1.4 General Dynsmics Integrated Composites Center Preliminary Design -~
The General Dynamics model of the ICC provides the manufacturing capability
for the production of advanced thermoset and thermoplastic composite
structures. The center is arranged in a cellular configuration using highly
sutomated and totally integrated systems. This cellular configuration iends
itself to a high degree of system flexibility to facilitate system integration
and implementation efforts. Figure 3-19 depicts a preliminary all arrangement
for this center.

At the present time, existing floor space and facility layout are major
limiting factors at General Dynamics. It is not certain whether a major
arrangement of the facility would be cost effective.

There are also several technological voids such as limited cart
maneuverability and floor guide paths to direct the carts which must be
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resolved. Other voids are in the area of Quality Assurance to develop visual,
tactiie and thermal sensors to monitor the manufacturing processes.

///// Other problem areas which must be resolved before General Dynamics can
complete its ICC modeling are:

o Sensing/scanning devices and chemical characterization techniques to
reduce mechanical testing requirements

0 Methods to obtain processing viscosities to be used in plastics
fabrication

o Improvements in tape-laying methods on concave/convex surfaces and to
dispense different materials from the same tape-laying machine

0 More research and development is needed in the cure processing of
advanced nonmetallic materials such as thermoset and thermoplastic
materials.

For a complete discussion of General Dynamics ICC development model, refer
to Appendix C of Task C, ICC Requirements and Design System Specification
Document (SS 110511000), which was submitted to the Air Force on 30 November
1982.

3.3.8.2 Design Integrated Composite Center System (WBS 4.3.8.2)

The System Specification prepared by the ¢oalition outlined seven major
sections which were subsequentiy incorporated into the SDS.

It is obvious that composite structures are still being produced in a very ;
inefficient (labor-intensive) manner. The industry is still in the early
stages of designing a "TO BE" integrated Factory of the Future relstive to
automated production, production planning 2nd associated material and .
component flow through the shop. §

As the rate and complexity of composites production increases, the
requirements for automated production and planning becomes critical. The
transition into composites will mandate the reduction and eventually the
elimination of hand-labor and semiautomated techniques as they become less
efficient due to size: 11m1tat10ns, production rates, quality problems and cost t
consideration. .

The System Design Specification (SDS), SDS110511600, dated 28 February
1983, (refer to Volume III, Part 7), preliminary concepts were the result of .
analysis performed for the SRD, the feedback from the System Requirement
Review (SRR) and the elaboration of those requirements presented in the Systenm
Specification. The SDS addressed how each requirement of the SS will be
satisfied.
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The major system requirements of the SSD have been trarnsformed into
individual Configuration Items (CIs) representing both cells and systems
indigenous to the ICC. These CIs, which must be fully developed and exploited
to conceptually satisfy thr system requirements, are:

Composite Laminating Cell
Composite Bagging Cell
- Composite Curing Cell
Composite Trim and Drill Cell
Composite Test and Inspection Cell
Composite Subassenbly Cell
Composite Rework Cell
Tool Maintenance Handling System
Material Handling System
Design/Pevelop Composite Structure
Composite Center Management System

000000 0O0CO0O0CO

These cells and systems and their functions are specifically described in
Section 3.0 of the SDS document of 28 Februury 1983.

3.3.8.2.1 ICC vverview - The ICC must schedule and control the fabrication
and subassembly of structurally acceptable composite components for both
fighter' and transport-type aircraft. The size of the structures will range
from doors and panels for fighters to wing and empennage components for
transport-type aircraft. They may be large flat laminates or small
subassemblies with convoluting surfaces.

The center will laminate these structures using technologies that employ
both broadgoods and tape-laying approaches. The laminating cell will employ:
automated material-cutting technigues; filament-winding capabilities;
protruding of constant crogs-section shapes, and injection-molding
capabilities for structural clips and brackets. There will be a flat,
laminating module for actual part layup or preplying for subsequent forming,
and ply disposition techniques using both robotics and composite
technologies. Primary structures will be bagged and curad in an autoclave
while secondary structures may be vacuum bagged and cured in an oven or
autoclave. Specialized curing vessels such as presses or mated machined metal
dies will be available as required.

A trimming and drilling zell using the latesat equipment (robots and
waterjet cutters) and cutting tool technology will be included. With proper
design/manufacturing interface, the dependence on the cell could be reduced by
laying up laminates net and molding-in holes.

The test and inspection cell will make checks to ensure that the
structural integrity of composite components are maintained. This includes
initiel receiving and inspection, on-line in-process inspection techniques,
and the latest in nondestructive evaluation and inspection procedures (C-scan,
nonfilm radiography, etc.). All processes would be computer controlled and
include computer interpretation of test results to establish acceptance or
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rejection. Every attempt will be made within the Integrated Composites Center
to minimize the impact (and thus the cost) of quelity control through the use
of statistics, and the uevelopment of production processes that maintain
product consistency.

Within ICC will be cells specifically dedicasted to subassembly; to the
reworking of cured laminates or subassemblies that do not meet specifications;
and to tooling preparation, maintenance and minor repair. Given the type of
activities indigenous to each of {hese celis, it is likely that they will be
labor-intensive.

Tools, materials and composite componenis will move within the center via
the automated material-handling system. This system, ss well as the
activities or physical processes that occur in each of the cells, will be
directed by the ICC management system. This system will manage all resources
required to manufacture composite components.

The major benefits derived from the implementation of the Integrated
Composites Center are two-fold. The first will be the optimum use of scarce
resources in terms of facilities, labor, capital equipment, raw materials and
management acumen to thwart the law of diminishing marginal returns. The
second will be the production of composite structures that are cost
competitive in terms of acquisition and life-cycle costs. Figure 3-20 shows a
generic conceptualization of an ICC exhibiting the major Configuration Items.

o Physical Interfaces - The physical interfaces between the Integrated
Composites Center and the factory level systems are shown in Figure
3-21. As can be seen from this diagram, all physical items are
transported by the intra/intercenter materials hendling system. 1In a
union shop, this division of labor may be mandatory in the current
environment.

3.3.8.3 Produce "TO-BE" Integrated Composite Center Models (WBS 4.3.8.3)

Figure 3-22 shows an IDEF activity model of the Integrated Composites
Center. This diagram shows the interrelationships among the eleven
configuration items which make up the ICC as described in paragraph 3.3.8.2.
Of special interest in this model are the complex interrelationships among the
Manage function, the Test and Inspection function, and the Move and Store
function. It is because of these interactions that materials, parts and tools
are not shown '"flowing" from one physical process to another.

3.3.8.3.1 VNorthrop's Integrated Composites Center - The following paragraphs
describe the System Design Specification for Northrop's "TO BE" Integrated
Composites Center system.

The ICC will be a largely autonomous operation within the overall
framework of Northrop's factory environment. It will be oriented toward the
specific functions and operations necessary to produce composite structures.
Many factory functions not unjque to composites manufacturing, but common to
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each of the fabrication and/or subzssembly centers, will be relegated to
Factory level systems. This will cllow the ICC to specialize within its
specific production requirements. To ensure that the ICC does not negatively
impact the overall factory operations (and to ensure that the overall factory
operation does not negatively impact the ICC), an overall systems framework
will be established to describe the necessary degree of integration between
the Northrop factory and the ICC. The specific degree of coupling between the
systems intermal to the ICC (largely oriented to composites manufacturing) and
the Factory level systems which support the overall factory operation will be
detailed as the ICC system design matures. Because the ICC is seen as a "new"
subsystem within 2 relatively "old" Factory system, it is likely that the ICC
design will require performance that the current factory level systems cannot
support. In these cases the specific performance requirement will be
identified and a means for its satisfaction will be recommended. The specific
issue of how the ICC will be implemented within the Northrop environment is
the subject of the ICC Implementation Planning Document. This document will
be produced as the final product of the Preliminary Design Program.

o Production Parameters - Northrop plans to become a leading producer of
aerospace composite structures. To accomplish this goal, Northrop has
chosen tc include both the production of large and small aircraft
components within its production requirements envelope -f its ICC.
Allowing the ICC to be effective for £t least a decade, possibly longer,
before major changes are needed. Bec.:se of the uncertainties inherent in
predicting the future, the ICC design team included flexibility based upon
continuous trend analyzing supported by expert opinion as a key design
feature. WNorthrop's ICC system design is based upon the current F-18A and
F-20 production requirements as well as possible evolutionary developments
which could cause these aircraft to evolve into largely composite
airframes. Furthermore, to improve ICC capabilitiy, Northrop included the
production of a large transport type aircraft in its ICC requirements
envelope.

o ICC Functional Parameters - Northrop's ICC produces airframe composite
structures according to engineering designs and specificatious,
contractual delivery rates and dates, and approved cost targets.
Functionally, the "TO BE"™ ICC is equivalent to the "AS IS" composites
center in terms of what it must be capable of doing. The differences
between the "AS IS" and the "TO BE" ICC is in how these functions are
performed. Through the use of advanced technology and rigorous system
development methods, the “TO BE" ICC will be designed to: reduce the cost
of producing composite structures; increase their quality; znd provide a
degree of flexibility impossible to achieve within the current composites
center. Increased flexibility {(which i3 often difficult to quantify) will
bte manifested in an enhanced ability to respond, in a cost effective
manner, to changes in production rates, product mix and material systems.
One of the key requirements of the ICC is that it be based upon an
“open-ended” design. That is, the ICC must be capable of being expanded
to satisfy future requirements without causing major obsolescence, high
cost, undue risk or production interruption.
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Physlical Parameters - The physical requirements of Northrop's ICC will
become more detailed as the design progresses through the Preliminary and
Detall Design phases. Production rates and volume requirements will be
the principal drivers. It is estimated that Worthrop's ICC will require
approximately 350,000 square feet of floor space. The use of overhead
space for vertical racks, hoists and monorails will provide flexibilily
and allow denser packing of ICC components into the same floor space.

The current capacity of Northrop Building 905 will support most
predicted ICC requirements. A possible exception may be the need for a
separate facility to produce very large components for the Large Advanced
Subsonic Transport (LAST) aircraft. This, yet to be designed, aircraft
may require a 160,000-square-foot facility for the production of an
integral wing and/or fuselage. 1t is unlikely that both structures would
be produced at Northrop due to volume, cost and risk constraints. It is
assuned that one facility will be needed which can house one or more
complete wings and/er fuselages. It is also likely that the layup, cure,
trim and inspection of this structure would be carried out in this
external facility. The operation of both the ICC (Building 905) and the
LAST facility (if needed) would be controlled by the ICC control system.
If the LAST facility were geographically distant from the central ICC, a
subset or copy of the ICC comntrol system could be used to minimize the
telecommunications costs.

The ICC will include an environmental control system that will allow
selected temperature, pressure and humidity ranges to be maintained. 1In
addition, dust and other contaminants must be controlled within the ICC.
These environmental controls will be controllable to meet specific
processing reguirements of the various cells and work stationgs. 1In
addition, they will satisfy customer and Mil-gpec requirements.

Performance Parameters - The ICC must meet future production requirements,
schedules, cost and quality goasls. It can not become the “critical path”
for producing aircraft nor the constraining element in responding to
product or production changes. Consequently, following requirements will
be met:

o Effective and responsive planning and control of production capacity,
requirements and status

o Redundancy, where required, to avoid catastrophic failure of key aystem
components

0 Queues, banks and cushions planned and controlled .o ensure a smooth
flow of work

o Avoidance of work flow ddisturbances.
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o Interface Parameters - The ICC must be integrated in two major ways: (1)

80 that each element supports and complements all other system elements,
and (2) to be an integral part of an overall factory sysiem. Integraticn
will be accomplished through an integrated control system and through the
intercell materials handling system.

While the ICC is being designed as an integral part of Nocrthrop's
Factory operation, it will be considered as a new or "TO BE" system.
Unfortunately, Northrop's external {to the ICC) Factory systems are not
new. The design of a "TO BE" center in an "AS IS" Factory is most
challenging. While it is certain that the Northrop Factory systems will
evolve over the ICC development time-frame, the exact nature and rate of
this evolutionary process is difficult to ascertain.

Figure 3-23 shows the relationship betweer: the ICC and the Northrop
factory level systems.

o Design Constraints - The ICC is designed to produce Northrop's composite
airframe components. 1Its design, to a large extent, is constrained by the
design of the component parts, the materials selected and the inspection
requirements as well as the production rates and schedules which are
levied upon the composites center. The major design constraint is that
the "TO BE" ICC must work im Northrop®'s real-world environment. The “TO
BE” ICC must produce quality products at rate, to schedule, and at a
significantly lower cost and risk than the "AS IS"” system. It must also
be flexible enough to satisfy these requirements for at least 10 years
without requiring major revisions.

[ Design Strategy - In the design of Horthrop's "TO BE" ICC each function
required to produce composite structures in the current and projected
future environment has beer analyzed. For each function, improvement
potential was ascertained tased upon available and soon-to-be available
methods and techniques. Many improvement concepts imply a substitution of
mechanized and/or automated processes for current human labor-intensive
operations. These substitutions are desirable for three reasons:

o Mechanized equipment can produce the same level of output as its human
counterpart for less cost

0 Mechanized equipment can be controlled more effectively than humans,
thereby increasing the *'quality* of the productive output

o It may be difficult to find humans who are willing and able to perform
adequately in some production environments.

Each ICC function was been analyzed in light of these three factors. The
appropriate degree of mechanization and automation residenc in the ICC is
worthy of analysis. The final decision has yet to be made because this
analysis is still under way. However, certain design groundrules have been
established which impacted the System Design Specification. These groundrules
are:
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o Mechanization/Automation will be used where the costs and risks clearly
indicate large cost savings potential

o0 Available equipment, facilities, and tools will be utilized where the
cost of replacing them (for the purpose of mechanizationlaqtomation)
cannot be justified. '

0 Flexibility, reliability, maintainability and safety will be primary
considerations in the use of mechanized/automated equipment and
processes

o Mechanization/automation will not be used solely to remove humans from
composites manufacturing operations except for reasons of health or
safety

o Northrop's will remain "a good place to work"” for humans; tha ICC will
make it "a better place to work.”

. Quality Assurance Parameters ~ Northrop's ICC is being designed to replace

the "AS IS"” composites production center. The quality requirements of the
"AS IS" system will be imposed upon the "TO BE" ICC. This means that the
ICC must produce composites structures at quality levels specified by the
customer, military specifications and the product design. The success of
the ICC will be measured in terms of how well these standards are mat.

The goal of Northrop's ICC "TO BE" design is to produce acceptable parts
every time (no scrap) at a total cost which is lower than the "AS IS”
system. Rework cost goals have been set at 5% of direct labor hours. The
effectiveness of the ICC design will be determined by how well these goals
are met..

ICC configuration Items - In the factory hierarchy, the ICC is comprised
of cells, stations, positions, processes and operations. To simplify the
description of the evolving ICC design, areas which clearly can be
identified as physical entities will be considered cells, stations and
positions. Less tangible subsystems which deal with information
processing or decision-making, which are more logical constructs than
physical locations, will continue to be called subsystems.

The distinction between cells and subsystems is made for convenience in
understanding the ICC design. The actual delineation between the two is
somewhat arbitrary. This System Design Specification is focused upon the
ICC itself (as a system) and its component cells and subsystems.
Descriptions of stations, modules and equipment will be contained in
subsequent documents. Figure 3-24 shows the major components of
Northrep's ICC. This schematic diagram shows only major functional

- @lements of the ICC; scale and functional relationships are not shown.

Appendix A of the System Design Specification (SDS110511000) of 28
February 1983 discusses each configuration item independently. Where
alternative design concepts are introduced, the benefits and drawbacks of
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each alternative is identified and a selected dezign, if found to be
appropriate, is described.

3.3.8.3.2 Vought's Integrated Composites Center - Vought, as a major
aerospace subcontractor, produces a large product mix of fiberglass, Kevlar,
graphite and hybrid composite parts at variable production rates. To meet the
requirements of its customers, Vought designed a flexible ICC which could
fabricate different products at will -- cheaply and in small quantities. The
functional areas of the ICC sre called cells; the interfaces between these
cells are defined as subsystems to the factory level system.

In the future, the control stiucture will consist of a factory which
manages one or more cells which in turn, manage one or more stations. The
station may perform one or more operations to accomplish a factory objective.
Figure 3-25 is based on the Factory of the Future concept developed by the
Task B coalition. It depicts the interaction between centers. Figure 3-26¢,
Produce Composite Structures, depicts the interfacing/interactions between
centers at the factory level. Figure 3-27 depicts the interfacing/
interactions/integrations between the center/cells within the ICC system in
general.

o ICC Cells at Vought - The following cells are involved in the production
of composite structures at Vought. A complete definition of their
structure and function can be found in Appendix B, System Design
Specification (SDS110511000) dated 28 February 1983.

- Manufacturing Engineering and Control Cells. These provide the
technical support ard control for the ICC; i.e., cost, scheduling,
developing and management reports.

o Manufacturing Engineering Ccmpcsite Cells
o Manufacturing Control Composite Cells

- Production Control Composite Cells. These provide for the storage of
materials and details, kitting of work packages, movement and tracking
of work packages between cells and the storing and tracking of tools.

o Manufacturing Requirements and Order Release Control Composite Cell

o Production Control Composite Storage/Kitting Cell
Shop order file
Refrigerated material storage area
Cut ply kit storage/tracking
Inventory computer tecminals

0 Prcduction Control Moving/Tracking Cell
Work package and material maving
Automated guided vehicles
Tool storage and management
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"« ' Composite Pabrication Cells. These receive work packages from -
production control, fabricate the required parts/details with the aid
of detailed instructions and forward the completed items to
Inspection. This is a semiautomated, mechanized system. These cells
are charged with core fabrication, shaping, forming, potting and
curing. Other cells within the Ccmposite Fabricsation Cells are: .

o Ply cutting cell
Composite materisl preparation
Autonated tape laying machine
Woven fabric laminsting stand
Rapid ply cutter
Material handling equipment

. o Layup and Assembly Cells
Laminating
Pick and place robots
Overhead broadgoods dispenser
Computer terminals
Local storage oven
Complex parts forming area

© Manual Laminating Cell
o Filament Winding Cell
o Vacuum Bagging Cell

o Thermal Cycling Cell
Autoclave staging area
Autoclave
Post-curing cvens

0 Tool Preparation Cell
Tool teardown and preparation area

¢ ' o Trim and Drill Cell
Automated equipment (robotics)
' Hand controlled waterjet cutters

: o Composite Rework/Repair Cell

~ Quality Control Inspection and Test Cells. Provides inspection for
incoming material, in-process inspection services for fabrication
control, non-destructive testing of cured composite components and
final inspection.

0 QA Material Evaluation and Dastructive Test Cell
Cured laminate test
Uncured material test
Chemical characterization ’
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0 QC Non-Destructive Investigation Cell
Radiography
Ultrasonic
Marnual tapping

o In-Process and Final Inspection
Shop floor inspections
Automated equipment monitors
Three-dimensional inspection equipment
Computer-aided records
Material Review Board

o Subsystem Identification - Within the Vought ICC, the functional
interfaces between centers are identified as systems and given unique
Configuration Item numbers. Subsystems are given lower level numbers
corresponding to its upper level system. Figure 3-28, Integrated
Compcsite Center Control Systems, shows the factory level systems
interface with the ICC. This interface provides the design strategy to be
followed when identifying the various configuration items.

Design/Manufacturing Interface System. Must be defined early enough in

the production life cycle to ensure a parts definition data base that
can be readily utilized by manufacturing. Group Technology, Generative
Process Planning and 3-D Solid Geometric Modeling will all be major
factors in the successful development of this data base. Some of the
design/manufacturing interface subsystems are:

o Parts Definition Data Base
Computer-aided design
Group Technology
Generative Process Planning

Manufacturing Control System. This system provides the control and
tracking of the shop orders written and released by the Manufacturing
Requirements and Order Control Cell. The Henufacturing Control System
provides a hierarchical control based on the center-cell-station-
operation organization structure. It allows flexibility and growth in
the control hierarchy of each individual center. Some of its
subsystems and parts are:

o Composite Center Control
Composite Data Collection (DACOL)
MCS Master File
DACOL Card Readers
MCS Computer Terminals

o Composite Management Reports
Daily Report Computer Progrsms
Weekly Report Computer Programs
Special Report Computer Programs
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o Information Storage and Retrievsl
Material Control Interface
Tool Fabrication and Repair Interface
Quality Control Interface
Storage Control Interface
Product Design/Producibility Analysis

0 Composite Facilities Management
Maintenance Control
Work around Plan Development

o Composite Personnel Management
Operator Identifications and Information
Shop Loading

0 Integrated Management
Automated and semi-automated support systems
Coordination and control of overall ICC requirements

- Production Control System. This system determines the ICC
manufacturing requirements, controls the work-in-process to satisfy
those requirements, provides the detailed instructions for the
work-in-process, stocks and controls the materials required for
processing, and provides the tool storage/tracking for component
fabrication. Some of its subsystems are:

o Manufacturing requirements
Part requirement and completion file
Computerized master schedule

o Order and Release Control
Automated order writing
Detailed instructions
MOD/change records

o Storage/Kitting Management
Automated parts storage and retrieval
Automated material storage and retrieval
Automated cut ply kit storage and retrieval
Perishable material out-time tracking
Material usage
Automated part moving
Schedule priority change

o Tool Storage/Tracking
Automated tool location/status

Automated tool storage and retrieval
Interface with too. fabrication and repair system
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- Material Control System. This system provides inventory management and
control for all materials used in the ICC. It provides a way to
forecast and control inventory requirements and computerized tracking
of perishadle material out-time and detail parts storage and
inventory. The major components of this system are:

o Composite Material Control
Automated Material Forecasting
Material Inventory and Usage

o Perishable Material Tracking and Control
Bar code readers
Material out-time tracking

- Tool Fabrication and Repair System. This system Provides the tracking
and control of new tocols being fabricated and tools being
repaired/updated to be used in the ICC. The system interfaces with
CAD/CAM to produce replicates derived from mathematical models when
designing and fabricating new tocls. 1Its subsystem and parts are:

o Composite Tool Management
New tool status

Tool repair/update status

- Quality Assurance ard Control System. This system provides controls,
quality requirements and instructions and collects information for
materials and processes used in the ICC. The system will interface
with materials control, in-process inspection and automated equipment
monitors, inspection and test results, and the MBB. The system will
provide accept/reject critaria, statistical analyses, link with
computer-aided design and maintain documentation. Some of its
subgsystems are: )

0 Composite Material Control
Computerized control tags

o0 Inspection and Test Data Collection
In-process inspection
NDI results and records
MRB results and records

o Final Inspection bata Collection
Final Inspection Data

3.3.8.3.3 General Dynamics Integrated Composites Center

General Dynamics strategy in structuring its “TO BE™ Integrated Composites
Center was to design it for the 1990-1995 time-frame with capabilities within
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the realm of the mid-1980's technologles. By incorporating the enabling
technologies from its past development programs and aggressively filling
identified technological voids, they developed an implementable system with
enhanced manufacturing capabilities. These capabilities with "designed-in"

"flexibility will enable General Dynamics to produce cost-effective,

high-quality weapons systems with composite components well into the next
century.

The following paragraphs summarize the functional characteristics,
operating environment and design specifications for production equipment and
support systems envisioned in an ICC at General Dynamics® Fort Worth plant.
For a more detailed description of this ICC, refer to Appendix C, System
Design Specification (SDS110511000) dated 28 February 1983.

A functional description and design specification for the three support
systems and seven major cells found in the ICC follows.

o Support Systems - The three support systems common to all cells within the
ICC are the:

0 Automated Material Handling System (AMHS)
o Automated Quality Assurance System (AQA)
o Identification and Code Recognition System (ICRS)

These systems will be integrated through the ICC central computer to
provide the necessary part transpartation, traceability and quality
assurance for a totally integrated center..

AMHS is a computer-controlled transportation system responsible for
moving and queuing materials, parts and tools throughout the center.
While there are various automated material handling sys._ems available
today, some design modificatious will be required to increase their
flexibility and capabilities. These modifications will include such
features as improved positioning capabilities and improved load/unload
capabilities. Major components of this system are:

o AMHS computer
AMHS transportation carts
o AMHS overhead transport

o

The AQA System retrieves, analyzZes and stores quality data. Terminal
sensing devices at sypecific locations will receive/transmit data to the
system computer. Developments in sensor technology will be a key element
in the AQA system. A means for retrieving real-time quality data is
required for in-process quality control. Figure 3-29 illustrates the
functions performed within the ICC and the processing data required to
support a quality data base. Major components for the AQA System are:

o AQA computer
o Peripheral devices
Data terminals and CRTs
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ICC and move through the functional cells or speclalized work stations. The
system will provide the material/part/tocl traceability necessary for the
center. Code ‘abelers and readers will be distributed throughout the center.

A'bar-type ccding system is envisioned for the center. A present area of
concern_ in this method ies the labeling material with which the bar code is
printed. It must not be deleteriocus to composite materials and must be able
to withstand the various processes asscclated with composites msnufacturing.
Two major components for the ICRS are:

o ICRS computer
o Labeler/reader
Bar code

o Major Cells - Major cells within the ICC are:

Recelving and storage

Plastics fabrication

Composite laminate fabrication/component build-up
Cure process

Tool prep and storage

Inspection

Part drill and rout

00000 C0CO

Fig.re 3-30 illustrates the ICC's hierarchical control structure and
lists specific equipment required for each cell.

The Receiving and Storage cell provides for the automated storage and
retrieval of materials and parts within the composites center. Components
of the cell are:

o Automated storege and retrieval system (AS/HS)
Refrigerated
Non-refrigerated

o Receiving inspection
Manual code labeling and reading device
Data terminal
Pre-preg analysis
Adhesive, resin, seslant analysis
Mechanical destructive test apparatus

Plastics Fabrication processes include Resin Transfer Molding (RTM) and

High Performance Thermoplastic Processing (HPTP). Components of this cell are:

o RTM
Resin transfer molding machine
oven (batch-type)
Stretch former
Broadgoods spreader
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Lo |
- oven (continuous feed)
‘Waterjet cucter

Stamping press
Inductive heating roll
Thermoplastic pultrusion machine

o Peripheral devices
Code reader and labeler
Data terminal and CRT

The Compnsite Laminate Fabrication/Component Build-up celis provide
automated placement of materials, the build-up of various laminated structures
and components and the bagging of these structures for curing. Equipment in
this cell will provide the cap:zoility for placing multiple composite materials
onto flat, concave/convex, cylindrically and elliptically-shaped structures.
Some components of this cell are:

0 Tape laying machines
Flat layup surface
Contour layup surface

o Broadgoods spreader/cutter
Automated material dispense, steel rule die/hydraulic press
Filament winding
Braiding machine
Spar/stiffener fabricator
Component build-up

o Wing
o Empennage (vertical stabilizer)
o Fuselage

0 Air inlet duct

The Cure Procesg is performed on thermoset materials. TIts function is the
automated monitoring, controlling and recording of the critical materials and
process variables. Equipment needed for this cell includes:

o Autocliaves

Combustion heat, internal air circulation, controlled cooling
o Ovens

Batch, combustion heat, double-entry

Continuous feed, infrared heat, double-entry

The Tool Preparation and Storage cell is designed for the removal of parts
from tools, preparation of tools for the next manufacturing sequence and ihe
storage of tools until needed. Tool preparation involves manual cleaning
tasks and automated verification systems. Part removal will be a
mechanically-aided manual operation. Components of this cell are:
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o Tool Storage and Retrieval
Automated storaze and retrieval system
Code recognition capabilities

o Tool Preparation
Robotic positioning of sensors
Robots similar to the Cincinnati Milacron T3 model
Code recognition
hutomated tool positioning

o Tool/Part Separation
Overhead hoist
Code recognition
Data terminal
Auto tool tab drill

Inspection verifies component and structural integrity, dimensional
accuracy, the location of structural members within the component and
ascertains the quality of adhesive bonds and seals. Components of the
inspection cell are:

o Peripheral Devices
Code readers
Data terminals
Plotters

o Tool Fixtures
Adjustable (auto clamp capabilities)
Interchangeable
overhead hoists

o NDE .
Ultrasonics pulse-echo and through transmission ;
- Robotic positioned sensors ‘
- Multi-axis part positioners "

X-Radiography

- Digital image processing

- Multiple energy techniques

- Stereo fluorscopy

- Robotic positioned scanner -

Part Drill and Rout. Prepares parts and components for instullation and
assembly. Developing of end effectors equipped with sensors capable of -
monitoring tool dynamics will! eliminate bole and edge delaminations.
Real-time monitoring will also diminish the requirements for a post-drill and
rout inspection. Components of this cell are:

o Peripheral Devices
Code resders
Data terminals
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o Tool Fixture
Adjustable/interchangeable
Overhead hoist
Multi-axis part positioner

o Robots
Hydraulic/DC Drive
- Computer controlled
- Cincinnati Xilacron Type rd
- Adaptive control

System Integration - System integration for the composites center will
eventually result from the effective coordination of the technologies
being developed under the .tir Force's ICAM programs. Through these
technologies, there will evolve an ICC that incorporaies planning, control
and decision support systems with the management of fabrication, quality
assurance and material handling/storage processes related to composites
manufacturing.

Figure 3-31 portrays a typical environment which will exist at General
Dynamics in the 1990-1995 time-frame. This system is currently in the
planning stage.

Product Data Base - At present, there is a need for a product data hase
for nonmetallic part design and manufacture. With the development of this
data base, there will be automatic generation of:

- Composite designs with incorporated manufacturing restraints
~ NC/DNC/CNC programs

—~ Robotics programs

- Automated process planning

- Automated time standards

Ccmputer-Based Information System - A computer-based information system
(CBIS), similar to the one in ICAM 2201, will establish the information
network for ICC. It is currently envisioned that there will be four tiers
of information within the CBIS.

- Tier One - central processor at Data Systems Division Central Center
- Tier Two - work center controller (ICC)

- Tier Three - work cell controller {composite laminate fabrication)

~ Tier Four ~ station controlier (tape laying machine)

Each tier will contain those applications and data bases needed to
control functions at its level. Additionally, within Tiers Three and
Four, a local area network (LAN) concept will be used where each node,
consisting of a mini~ or micro-computer, within a tier will funetion
independently of each other.
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o Tier One -~ DSPDCC. At this highest level, the central processor will .

coordinate plant wide applications such as: master schedule, inventory
control, cost accounting, CAD/CAM, process planning and the Management

Information System.

o0 Tier Two — Work Center. At the Tier Two level, centralized computer
within the center will coordinate such work center applications as:
production scheduling, sutonated materizl handling, QA scheduling and
part identification.

o Tier Three — Work Cell. The primary function of Tier Three is shop
floor control. A Local Area Network (LAN) consisting of a network of
mimi- and micro-computers with the following nodes: receiving and
storage, plastics fabrication, cemposite laminate, cure process, part
drill and rout, and inspection will assign the work scheduled in Tier
Two to the correct machine and employee.

o Tier Four - Station. This tier consists of the machine controller and
operator stations. The process controller passes information regarding

the parts to be manufactured. Information is monitored and collected
automatically on a real-time basis.

.o System Software - The heart of this network configuration will be a data

dictionary and data base management system. The dictionary will help
define the points of interface and data requirements. The data base

management system will coordinate the backend processor. It will require

a data base server to:

- Coordinate concurrent access to a given file from multiple requestors
— File sorting

-~ Catalog management

~ Archiving

— 1Index searching

Improved prbcedures are needad to effectively translate system
requirements into software designs while integrating them with other tasks.

Other systems necessary to implement the Integrated Composite Center are:

- Detail Process Planning Subsystem

~ Scheduling and Budgeting System

~ Production Planning Control System

- Material Requirements Planning System
- Capacity Requirements Planning System

- Requirement Release System
~ Data Collection System
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Information Analysis System
Inspection System
Nonconforming Materials System

o Human Pactors - User training on the system will be provided as required
by job classification. Direct users will interface the system for the
purpose of entering and receiving data. 1Indirect users will require
information for planning, forecasting, measuring performance, tracking and
cost analysis.

3.3.8.3.4 General Electric's Integrated Composite Center

At General Electric, the integration of composite production with the
fabrication and final assembly centers is the responsibility of the factory
level control centers function. Figure 3-32, Control Centers Environment,
illustrates how the control centers would evaluate a situation and make the
necessary schedule adjustments on a problem requiring a change of schedule.
The control center function is in a position to place the correct priority on
different aspects of the problem as to its relationship with other problems
which might coexist.

This control center has the capability to determine fabrication
requirements to support schedule changes and to determine any metal parts
required and to schedule these requirements from the machining center.

Figure 3-33, Planned Composite Production, shows the planning of orders
for assemblies and detail parts to be produced in the composite stations. The
planning activity is performed at the center level.

A complete definition of General Electric's Plan Compcsite Production,
(Control Composites Planning and Production Control Composite Stations) may be
found in Appendix D, System Design Specification (SDS110511C00) dated 28
February 1983.

3.3.8.4 Produce "TO-BE" Integrated Composite Center_ Sygstem (WBS 4.3.8.4)

In response to Task E, WBS 4.3.8.4 Produce "TO BE" Integrated Composite
Center, the models and analytical results of the ICC Preliminary Design effort
were compiled and documented in the "TO BE" ICC System Design Specification.
The quantified benefit parameters of the "TO BE" design were included in this
document as well as how the definition of this design satisfied the identified
system requirements. The System Design Specification document also included
three site specific designs as well as the design of a generic ICC. This WBS
item was published as report number SDS110511000, entitled System Design
Specification on 28 February 1983.

3-106

D e o g - — v—— I
- .
) -~ S i /

~— — rd > : -

- . ~ P ’/

. — ) )

/ R e e e e R

IR T R ittt B

-

J U R

“

! ARAR, s KIE e

had.



N\

v AR

J—

{01-¢

: // i - ,
~ '
- )
FACTORY FACTORY .
SCHEDULE & RESQURCES Rﬁégﬁﬁﬁss CENTER SCHEDULE & FINAL “SSEQBL'EM
PERFORMANCE ASSIGNED — __pssionen fRESOURCE STATUS SCHEDULE PROBL
PARAME TERS b ~
MFG. INDENTURED ( L ADJUSTED FAB
PARTS LIST ; SCHEDULE
~
PRODUCTION CONTROL & ?FAmm
INSTRUCTIONS CENTERS < b \ ) PERFORMANCE,
— I—Zf—‘as ] SCHEDULE AND
(L STATUS
—ViER RESOURCE STATUS
SCHEDULES | PERFORM
b PERFORMANCE - -~
a1~ CENTER  PARAMETERS N
RESOURCE : !
PERFORMANCE ‘
PERFORM
MACH INING N 9
3 (" 1
ADJUSTED COMPOSITE J
CENTER CHEDULE PRCDUCE
COMPOSITES
4
PERFORM |
ASSEMBLY by
5
L, J y y, :__J
NODE: TITLE. NUMBER
CONTROL CENTERS (ENVIRONMENT) r
2-220131
Pigure 3-32. Control Centersz (Environment)

veel dung §2
noocotsoYtala



WP

e

e

\npe

3')\(\, {

80I-¢

Q" T A \ ' -
o7 \ SN Y., '
- 13
- , boeo L I
N Coy -
3 » L -
] N N
STOCK LOT SIZE PLANNED ORDERS
‘ STATUS pPOLICY IDENTIFICATION,
SCHEDULE o QUANTLTY, NOTE:
START DATE37
¥ « THIS DIAGRAM SHOWS AN INITIAL CUT AT
THE INTEGRATION OF MRP FUNCTIONS 10
MANUFACTURING GROSS DETERMINE LOT SIZED NET REQUIREMENTS
INDENTURED REQUIREMENTS WITH THE MCMM FINITE LOAD CAPABILITY
PARTS LIST [ DETERMINE BEING USED TO DETERMINE PLANNED ORDER
GROSS : DATES., THESE FUNCTIONS ARE PERFORMED
—g—ﬂqzoummms NET AT THE CENTER LEVEL OR BELOW AND WOULD
1 REQUIREMENTS USE THE SCHEDULE PROVIDED BY HIGHER
LEVEL SYSTEMS.
DETERMINE
— NET LoT S1Z€
REOUIREMENTg NET REQUIREHENTS
DETERMINE RESOURCE
!v 55% LOADED
PROCENS 21 3 {  resource PLANNED
PRODUCTION -~ UTILIZATION y;;—PERFURHANC[
L Instructions /| oevermine | &
| RCSOURCE ‘w
UTILIZATION|
e 4
LOAD START
RESOURCE |/ FINISH TIME—Z
[ . g
CResource > A
PERFORMANCE
BEASUREMENT DISPATCH
OPERATION ZA"
6 PLAN
COLLECT
L STORE &
L COMMUNICATE
CONT. INFO } 3
RELEASED ORDER MAINTAIN
SCHEDULES RECEIPT OPERATION
DATE, IDENTIFICATION PLAN
QUANTITY STATUS 8
N—— —

[ L AL - o LIPVE

Figure 3-33,

Plan Composite Production

- 9861 dung §2
0000015011814



FIR1105100000
29 June 1984

3.3.8.5 Conceptualize and Dccument Integrated Composite Center System
Configuration (WBS 4.3.8.5)

This document contains the conceptualized implementation strategy for the
Integrated Composites Center. It dascribes the concepts, criteria, standards,
tools and strategies for implerenting the system and details specific steps
necessary to implement this ccmposites technology into new or existing
production facilities. This document includes implementation plans for a
generic ICC as well as for the specific sites of Northrop, Vought and General
Dynamics.

The Implementation Strategy Plan addresses all of the implementation
activities and specific steps required for a generic Integrated Composites
Center to emerge from a "green field." It discusses each of the Configuration
Itens that impact the "TO BE" ICC. These Configuration Items are:

Composite laminating cell

Composite bagging cell

Composite curing cell

Composite trim and drill cell
Composite test and inspection cell
Composite subassembly cell
Corposite rework cell

Tool preparation and quick-fix cell
Material handling system
Design/develop composite structures
Composites management system.

00000000O0O0OO0

v Figure 3-34 is a block diagram of the major cells/system which must be

L implemented for the generic ICC. Figure 3-35 is a block diagram illustrating
the implementation items for the laminating cell. Once the generic ICC system
design specification has been developed and approved, tasks to convert it into
an operating functional ovrganization can be performed on both the cells and
systems.

LT e TP

The Implementation Plan Strategy provides a generalized framework of tasks
stated in terms of generic cells/system, configurated items and job titles.
It includes the various steps that convert a system design into an

‘

e

[

WhR

i operaetional system. A general outline of the Implementation Plan Concepts is
5§ shown in Figure 3-36.
ZE g} The Implementation Plan will document the following items:

Sl

o What specification items and task are to be undertaken

o In what sequence (timeframe) will which tasks occur

0 What specific cell/system is responsible for performing the
implementation task

o0 What type of system testing is required

o How will manager/non-manager training ve conducted?
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Figure 3-34 Block Diagram of the Cells/Zystems that are to be
Implemenled in the Generic Integrated Composites Center
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Figure 3-36 Implementation Plan/Concepts
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Because the autoclaves and refrigeration units are extremely difficult to
move, consideration of their permanent location must take place early in the
preliminary design of the ICC. Other equipment can be moved and is not as
constrained as these two items. Implementation activities required to
complete the preliminary design of the “TO BE" ICC are:

Procurement

Site-preparation and facilities

Installation of laminating cell

Installation of bagging celil

Installation of curing cell

Installation of trim and drill cell

Installation of test and inspection cell
Installation of subassembly cell

Installation of rework cell

Installation of tool prepared and quick-fix cell
Installation of material handling system
Installation of design/planning interface
Installation of the generic ICC Management System.

000000 ODOOODOOO

The Implementation Plan Strategy document (IP110511000) dated 31 October
1983 was submitted to the Air Forcec on 31 October 1983 defines all the

subtasks involved under the thirteen items listed above (the reader is
referred to Volume III Part 10 of this report).

NORTHROP'S IMPLEMENTATION PLAN STRATEGY

Northrop's Implementation Plan Strategy address specific implementation
steps to be taken, responsible organizations and planned time-phasing. It
identifies and minimizes risks prior to implementation. The "TO BE" system
will develop through a series of phases.

o Phase Zero - Detail design, construction, test

o Phase One - Facilities preparation

o Phase Two - System conversion

o Phase Three - Organizational and procedural changes

o Phase Four - Training

o Phase Five - System installation and performance monitoring

Northrop has chosen a 3-level strategy for its ICC development and
execution. This conceptual structure is shown in Figure 3-37. Figure 3-38
illustrates Northrop's 3-tier organizational structure which will be used to
manage the implementation of the system.

Northrop intends to use each of its three divisions' (Northrop Aircraft,
Northrop Advanced System, Northrop Ventura) sites to study the cells and
system to be implemented. Those with the greatest potential will be selected
for ICC development. :
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h A ‘ The ICC project team will develop a facility plan which will identify the
\ . site location, computers, equipment, communications network and fixtures to be
\ installed. It will also establish appropriate time tables and resource
requirements.

\ Northrop has developed a logical schedule of a transition plan to convert .

\ its "AS 15" composites manufacturing system to its “TO BE" system. This
schedule is shown in Figure 3-39. It identifies all the activities which must
take place from preparing the ICC facility to the dismantling of the old
system. Each of these items is explored in detail in Appendxx A of the

\V IP110511000 document of 31 October 1983.

- VOUGHT'S IMPLEMENTATION PLAN STRATRGY

f\ Vought's ICC Implementation Plan is a generalized framework that provides
" . a roadmap for implementation and makes a clear statement of priorities. This
" . plan, shown in Figure 3-40, is organized in three phases. Each phase is
Cte broken down into tasks to focus attention on thne items which have the greatest
impact. It also provides a tentative schedule for the tasks to be
) 4 sccomplished in order to implement a near-term system.

This plan is based on the ICC as described in the Development
Specification document and uses the facilities and major equipment currently
] in place at Vought. The approximate time frame for scheduling the tasks under
' each cf the phases will be revised to include more detail as the detail
) - designs are finalized.

Each of these scheduled items is discussed in detail in Appendix B of the
IP110511000 document of 31 October 1983.

GENERAL DYNAMICS IMPLEMENTATION PLAN STRATEGY

The System Specification document provided the basic strategy for
developing the ICC at General Dynamics. The System Design Specification
expanded that scope by identifying the individual necessary technologies and
showing how they will interact within the ICC systems. The Development
Specification identified those systems and technologies that needed
development prior to their implementation. The System Test Plan provided a
strategy for testing all of the systems technologies that were to be
implemented in General Dynamics ICC.

' x! Figure 3-41 illustrates, in outline form, the overall schedule of the
A implementation and an item description, in chronological order, of the systems -
w{’ and technologies being implemented. All implementation will be accomplished
‘& through the coorindation and cooperation of the affected departments. Shoeet 2
E N of Figure 3-41 is an evample of the tasks to be accomplished who has the
oy responsiblility for accomplishing each task, date of start and completion and L
pertinent comments concerning each task.
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310 [ LOAQ PRODUCTION FILES ~N
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59 TRAIN USERS AND OPERATORS Py C
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6.0 INSTALL ILC AND MEASURE PERF I
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Figure 3-39 Norlhrop ICC Implementation Schedule
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integrated Composites Center
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GD/FW ICC Implementation Schedule
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1CC DETAILED IMPLEMENTATION PLAN

RESPONSIBILITY

DATE

COMHENTS

2. Plant Lay-Out

A. Composite Manufacturing center

lay-out philosophy

B. Coordination of ICC lay-out

C. Prepare detailed ICC lay-out

0Z1-¢t

E. Izplement ICC Plant lay-out

3. Integrated Manufacturing System for

A. Cell Control System

Division snd Corporate
Management

Team leader

Facilities Planning

D. Coordinate with affected departments Team leader

- Facilities Planning
Team leader

Team leader

IMS team and team leader

0+6

+6+20

0+48

(Sheet 2 of 2)

This decision will set the ground rules for
all implemencation efforta. :

Cather data and pregent lay-out plans to
various management groups with aupport from
shop floor upper management.

Facilitiesa Planning will produce a dazzlled
ICC lay-out to reflect the Luiiosophy set

by upper management ucing data from the team
leader.

The team leader will iaterface with the
affected production departments in regards to
the nev lay-out.

Facilities will implement the ICC plant lay-out

with coordination aseistance from the teus
leader.

The team leader will coordinate the implemen~
tation of the IMS with the other systams

with in the ICC.

The IMS team will interface the cell controller

to the cells wvithin the ICC,

Flgure 3-41 GD/FW ICC Implementation Schedule
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3.3.8.6 Bstablish Integrated Composites Center System Test Plan (WBS 4.3.6.6)

This document describes the concepts, criteria, standards, tools and
strategies for testing the ICC at the cell or system level. the plan includes
the Development Testing and Evaluation (DTI&E) of the system as well as
strategies for installation, checkout and technical demonstrations. It also
addresses the validation of the users, operators, and maintenance manuals.

The plan describes the types of tests to be conducted, basic test
sequences and the broad test objectives cequired to fulfill ICAM Documentation
Standsrds and to maintain continuity with previous submitted documents.

The System Test Plan for the ICC Preliminary Design Concepts (generic ICC)
is a general plan encompassing each of the eleven major Configuration Items
(CIs) and significant subordinate configuration items which were presented in
the System Specification (SS). It is based on the requirements delineated in
the System Requirements Document (SRD). A design strategy for each
configuration item was presented on the System Design Specification (SDS).
Hardware and software specifications were defined in the Development
Specification (DS).

The eleven Configuration Items presented in the Test Plan are:

Composite laminating cell
Composite bagging cell

Composite curing cell

Composite trim and drill cell
Composite test and inspection cell
Ccmposite subassembly cell
Composite rework celi

Tool preparation and quick-fix cell
Material handling system
Design/develop composite structure
Composites management system

000000 O0CDO0OD0OO0CO

Figure 3-42 illustrates the Configuration Item Test flow and Figure 3-43
shows a Functional Test Flow. Figure 3-44 shows a block disgram identifying
the major cells and systems in the ICC.

The primary objective of the System Test Plan was to determine if the ICC
system could fabricate and build composite laminates or subassemblies that
meet or exceed design requirements. Also, various manuals would be developed
during the Preliminary Design Phase and continually updated through the entire
ICAY Life Cycle. These manuals are prepared by the vendor/supplier to provide
relevant information on delivered hardware items. The Users' Manual is a
primary reference document describing the developed functions in basic
user-oriented terminology. The Operators®' Manual is a computer software
document describing the commands of all the operating systems for both the
cells and the composite
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Figure 3-42 Configuration Ttem Test Flow
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Figure 3-44 Block Diagram of Tesl Program for Generic ICC
by Prime Configuration Items (Not Lo Scale)
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-ana;enént system. The Maintenance Manuals provide technical information for

understanding the configuration item, the operating environment and preventive
maintenance procedures. B

The System Test Plan Strategy (STP110511C000) dated 31 August 1983
submitted to the Air Force describes in depth specific test plans for the
major configuration items listed at the beginning of this paragraph and
illustrated ii Figure 3-44. The reader interested in details is referred to
Yolume 3, Part 8 of this report.

3.3.8.7 Produce Configuration Item Identification (WBS 4.2.8.7)

The Developmant Specification decomposes specific configuration items'
requirements to a level sufficient to enable the evolutionary development of a
detail design. It also identifies interfaces that will be accommodated by the
subsequent design of the configuration item.

The preliminary Development Specification, document number 110511000,
which was submitted to the Air Force on 30 June 1983, was published as two
separate documents. The basic book describes specifications for a generic
Integrated Composites Center. The second document, in the form of Appendices,
contains specific information concerning Northrop's, Vought'’s and General
Dynamics ICC. 1In addition, the Appendices contain Gereral Electric's Plans
and Control Composites and It's Relationship to Control Centers.

The basic book details the following information:

o The functional requirements for each Configuration Item as extracted
from the System Design Specification

o The performance requirements that will normally be verified during the
testing phase

o The physical characteristics that each Configuration Item should exhibit

o The principal interfaces between the Configurstion Item being specified
and other Configuration Items with which it must be compatible

o The design constraints that each Configuration Item must adhere to in
order to satisfy the preliminary design requirements.

The specifications for each Configuration Item are the results of the
investigation analysis performed for the System Requirements Document, the
feedback generated by the System Requirement Review, the elaboration and
validation of these requirements as presented in the System Specification and
the design strategy conceptualized in the System Design Specification.

Northrop established certain major groundrules to provide the foundation
of the Development Specification. They were:

o The ICC will use only fiberglass, Kevlar and carbon or graphite fibers
with expoxy, polyimide and bismalermide matrices as composites
naterials and hybrids

o Bagging will continue to be required

3--125
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" The autoclave or simllar heat/pressure vessels will be the principle
curing medium for primary aircraft structures
No substantial reduction in trimming and drilling will occur
There will be no appreciable degradation of the role played by quality
‘assurance.
o Increased emphasis will be placed on the manner a cure composite part
is handled
o Quality of work life will be present at ICC startup
o Shop floor and manufacturing control systems will grow in importance
o Fiber-reinforced, metal-matrix composites are excluded from
consideration because of their current sensitivity with respect to
applications and processing technology
o Pinal assembly or installation of a component or structure on an
airframe is not considered part of the ICC.

The ICC coalition concentrated on eleven cells or systems (Configuration
Items) that encompass the entire gamut of composite fabrication and
subassembly. The major Configuration Items are shown in Figure 3-44. Each of
these items have subordinate CIs. Figure 3-45 illustrates a process flow
diagram for the ICC with emphasis placed on the Composites Management System.

In this Development Specification, the coalition examines the major
benefits to be derived from implementing the ICC. They are twofold. The
first being the optimum use of scarce resources in the areas of facilities,
labor, capital equipment, raw materials and management ability. The second is
in the production of composite structures that are cost competitive and embody
structural integrity.

In additien to these advantages, there are also several drawbacks to the
ICC, such as:

o The inherent risks associated with implementing unproven technologies

o The inability to accurately estimate or forecast. costs of brick and
mortar and limited off-the-shelf technologies superimposed on
over-the-horizon technoleogies

o The possibility of insufficient manufacturing flexibility

0 The risks associated with making engineering acceptable parts with "TO
BE" technologies. ’

The major system requirements presented in the System Specification
Document have been transferred into individual Configuration Items (Figure
3-46) representing both cells and systems indigenous to the ICC. These
Configuration Items are fully developed and described in the Development
Specification, DS110511000, 30 June 1983. Each of the major CIs have
subordinate CIs which are delineated to the maximum extent possible in
DS110511000. For precise design details, the reader is referred to Volume 3,
Part 9.

For the purposes of this final report, only a brief description of each CI
is provided in the following paragraphs together with an illustration which
depicts major breakouts under each item.

3-126




1 T—a
1
N T
3§
i
i
¥
§ _
H -
L _
Lo
H
)
- '\
s -MM-—_
’ Ay

—— e ¢ W

L2t-¢

(customen ) (venoor ) (Cooo )
3 $ $

INVENTORY CONTROL
SUBSYSYEM
crna

FACT
DESGN COM%P‘OH’E [ ACTORY LEVEL SYSTEMS
STRUCTURES MATERIAL
Cr10.0 lNFORMATlONIx HANDLING
COMPOSITE MANAGEMENT
SYSTEMS Ci-11.0
CENTER CONTROL
SUBSYSTEM
Cl-11.%
TOOLING CONTROL
SUBSYSTEM >
Cl11 s
TEST AND

L—» INSPECTION

QUALITY ASSURANCE

REQUIREMENTS CONTROL
SUBSYSTEM CI11.2

CELL CI-50 SUBSYSTEMCi-11.7
L 3 Y
MAINTENANCE
R .
> "‘su*‘&'i';?éﬁ‘é’f.,’."i?“ L CONTROL SUB-
SYSTEM CI-11.4
' F
TooL FREP LAMINATING BAGGING CURING VRIM/DRILL SUBASSEMBLY REWORK
CELL CELL CELL CELL CELL CELL CELL
oo c19 120 ci30 C14.0 C160 a7o
MATERIAL
HANDLING
i SYSTEM .
€90 PART

Plguro 3-45 Process Flow Diagrem

yg6l 20nf 62

0C001SOTI8Ld



—-—

—e\

T e T

FTR110510000V

29 June 1984

INTEGRATED
COMPOSITES
CENTER
LAMINATING BAGGING CURING TRIM & DRILL
CELL CELL CELL CELL
ci-10 ci1-20 C1-30 C1-40
MOLDING REUSABLE CURED PART
TECHNIQUES BAG AUTOCIAVE CLEAN.UP
YRR c1-21 ‘ c a4
FILAMENT DISPOSABLE OVEN AL TRIM
WINDING BAG crag e Az
ci-1.2 c1-22 :
ENABLING SELF HOLE
PULTRUSION TECHNOLOGY CONTAINED GENERATION
: ci-23 C1-33 c1-43
ENABLING
e TECHNOLOGY P
- cl1-34 £1-4.
Figure 3-46

in the "“TO BE" Integrated Composites Center
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Figure 3-46 Specification Tree Indicating the Major Configuration ltems
in the "TO BE" Integrated Composites Center (Continued)
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Comosité Laminating Cell (Configuration Xtem 1.0)

Laminating is the process by which a conposite detail part or structural
component is fabricated or formed via the placement or build-up of one lamina
(a single ply or fiber) superimposcd on another until the required density is
achieved. The Development Specifications for the “TO BE" laminating cell
includes the ability to accommodate various composite materials to fabricate
and subassemble many different parts, structures and shapes for both
fighter~type snd transport-type aircraft. Figure 3-47 presents a generic
laminating cell which exhibits all of the laminating techniques that are to be
resident in that cell. Figures 3-48 and 3-49 illustrate the btreak out of
subitems within the main configuration item 1.0.
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TAPE REFAIGERATION
LAYING umT
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E; Figure 3-47 Generic Laminating Cell
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LAMINATING
CELL
Cl-1.0
[ , 1
MOLDING . FILAMENT PULTRUSION
' WINDING
Ci-1.1 I ci-1.2 Ci-1.3
REINFORCED NOT WET DRY CONSTANT DTHER
RE INFORCED CAOSS SECTION TECHNOLOGT
Ci-1.1.t ci-1.1.2 Cl-1.2.1 Cl-1.2.2 Cl-1.3.1 c1-1.35.2
R.I.M VERTICAL RESIN PREPREG DIE VARIABLE
I'SECTION MIXING CRMAAC TERTSTICS CONF LT ION 0IES
1.1.1.1 1.1.2.1 1.2.1.1 1.2.2.1 1.5.1.1 1.3.2.1
COMPRESS1OM BLOW APPLICATION » LINEAR CURE 8-STAGED
HOLDING HEAD MINDING IONE CURE
1.1.1.2 1.4v.2.2 1.2.1.2 1.2.2.2 1.5.1.2 1.3.2.2
E.R.M INJECTION LINEAR NON-L JNEAR TMPREGNAT ION MATOED DIE
MOLDING HINDING NIND ING ZONE CURE
1.1.1.3 1.1.2.3 1.2.1.3 1.2.2.3 1.5.1.3 1.5.2.%
CHOPPED THERMAL HON-L INEAR LARGE PARY MATERIAL DTHER
. F1B6ERA EXPANS10M WINDING CURE CREEL
1.1.1.4 ngbf 1.2.1.4 1.2.2.4 1.5.1.4 1.5.2.4

Figure 3-48 Laminating Cell Configuration Items
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-

AUTOMATIC
TAPE LAYING
CI-1.4.1

FLAT CONTOURED
CI-1.4.1.1 Cl-1.4.1.2
TAPE TAPE

ORIEXTATION WIOTH
1.4.1.1.1 1.4.1.2.1
STACKING TAPE
SEQUENCE HEAD
ez o | a2
LAPS/GAPS AX15
1.4.2.1,3 1.4.1.2.3
MATEAIAL SHOE
CUTTING PRESSLPE
160,14 1.4.1.2.4

= 2 -
TN ‘l\
D .

N '
u—x—r-w——-wr"’*«-— e TR e e MY b Y 20 SR T

PLY-ON-PLY
(TRADITIONAL}
Cl-1.4 /———l
1 m MANUAL
LAYUP
BROADGOODS Cl-1.4.3
COLLATION T
CI-1.4.2 C————q
| i
| 1 1 I
PATTERR BROADGO00S COLLATE |
CUTTING PREPARATION LAMINATES
cl-1.4.2.1 C1-1.4.2.2 Ci-1.4.2.3 1
l l ——— '
MECIPROCATING PLY FLAT L CONTOURED I
KNIFE NESTING -3 FORMING I
1.4.2.1.1 1.4.2.2.1% 1.4.2.3.1 1.4.2.3.2
1 ] ) |
WATER-JET MATEALAL ROBOTICS AUTOMATIC
LOADING [ ]
1.4.2.1.2 1.4.2.2.2 1.4.2.5.1.) | 1.4.2.5.2.1 |
STEEL RULE MATERTAL AUTOMATIC l HANUAL I
DIES DISPENSING couLation | | - — <
1.4.2.1.3 1.4.2.2.3 1.4.2.3.1.2 | 1.4.2.5.2.2
| ] T
OTHER PATTEAN KITTING . CONPACT]ONJ
SOENTIF ICATION -
1.4.2.1.4 1.4.2.2.4 1.4.2.3.1.5 1.4.2.5.2.
Figure 3-49 Ply on Ply Configuration Items
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Composite Bagging Cell (Configuration Item 2.0)

Bagging is the process by which an airtight membrane is placed over the
completed laminate or subassembly allowing a vacuum to be pulled and external
heat and pressure to be applied. Material employed for this operation ig
nylon film (or comparable material) disposable bags or reuesble siliccne
rubber bags. Figure 3-50 illustrates a specification tree that identifies the
major Configuration Items which are resident in the Bagging Cell.

T ST e e

BAGGING
CELL
C.I. 2.0
_J L
[ 1
REUSABLE BAG DISPOSABLE BAG ENABLING
(TRADITIOMAL) (TRADI TIONAL) (TRADLT JONAL)
C.I. 2.1 C.1. 2.2 C.I. 2.3
l 1 I
CONSUMABLES CONSUMABLES SHRINK MRAP |
C.I. 2.1.1 C.I. 2.2.1 C.1. 2.3.7
1 l l
THERMOCOUPLES THERMOCOUPLES SPRAY-ON
C.I. 2.1.2 C.1. 2.2.2 €.1. 2.3.2
L L i
YACUUM FITTINGS VACUUK FITTINGS OTHER
C.I. 2.1.3 C.1. 2.2.3 C.1. 2.3.3

Figure 3-50 Specification Tcee of the Bagging Cell
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CQgggeit; Curing Cell (Confipuration Item 1.0)

After the laminate has been bagged on its curing or bonding fixture in the
bagging cell, it iz moved to the cure staging area. It is the function of the
curing cell to subject the bagged compounent to heat and sutoclave (or vacuum)
pressure. The heat may be generated by un oven (a vessel that provides heat
by convection), by an autoclave which provides both heat and pressure or by
other heat/pressure vessels. This curing process sllows the organic matrix to
gel and set. A post-curing process may also lie within the curing cell to
enhance the structural properties in the iaminate or subassembly. Figure 3-51

{dentifies the major configuration items within the curing cell.

CURING
CELL
Cl1-3.0

T

(

L

1

AUTOCLAVE OVEN CU&??{;ED
CI-3.1 " CI-3.2 CI~3.3
LOADING LOADING PRESSES
C1-3.1.1 C1-3.2.1 C1-3.3.1
CONTROL CONTROL ME"TATCHED
€1-3.1.2 c1-3.2.2 le'g_gfgs
OTHER OTHER bTHER
C1-3.1.3 CI-3.1.3 Ci-3.3.3
Figure 3-51 Specification Tree - Curing Cell
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ngggsite“frlm and Drill Cal)l (Configuration Item 4.0)

After the cured composite laminate is removed from the curing cell, it is
transported to the Trim and Drill Cell. Within the trim and drill cell,
excess composite material will be removed. Cutouts may also be required to
accommodate additional detail parts for consolidation into the subassembly
cell. 1In addition to peripheral trimming, hole prepsration occurs in this
cell. These hole preparations will primarily include drilling,
countersinking, reaming and counterboring. Figure 3-52 identifies the major
configuration items within the trim and drill cell.

TRIM & DRILL

CELL
Cl-4.0

.

)

CURED PART FINAL HOLE
CLEAN-UP TRIM GENERATION
Cl-4.1 Cl-4.2 Cl-4.3

FLASH
REMOVAL MANUAL MANUAL
Cl-4.1.1 cr-4.2.1 C1-4.3.1
OTHER AUTOMATIC AUTOMAT IC
Cl-4.1.2 Cl-4.2.2 Cl1-4.3.2
Figure 3-52 Specification Tree - Trim and Drill Celln
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Test and Insggction Coil gcdnfigurntion Ytem 5.0}

The Test and Inspection Cell will perform initiai receiving ond inspection
tents on incoming raw wmateriel to ensure it was shipped in the right ‘ _
environment and that ie meets all specifiecstions of the purchase order. The
primary activities of this cell will be nondestructive testing, nondestructive
evaluation, and nondestructive inspection to ensuce the structural integrity
of the composite structure and to ideatify structures that require rework.
Figure 3-53 identifies the major configuration items within the test and
inspection cell.

TEST & INSPECTION
CELL
ClI-5.0

J (
I B

Figure 3-53 Sgpecification Tree -
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RECEIVING & | . IN-PROCESS NOT
INSPECTION
Cl-5.1 cI-5.2 Ci-5.3
VENDOR VISUAL RADIOGRAPHY
: CI-5.1.1 C1-5.2.1 C1-5.3.1
i CHEMICAL
" e AUTOMAT IC ULTRASONIC
; cl1-5.1.2 Cl-5.2.2 CI-5.3.2
¥
[ T |
3 MECHANICAL ENHABL ING
4 {IN-HOUSE) OTHER TECHNOLOGY
g CI-5.1.3 €1-5.2.3 €I-5.2.3

Test and Inspection Cell
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_ Composite Subassembly Cell (Confisurstion Item $.0) T A A = *42
The function of the subassembly cell is to join or combine two or more
detail parts to produce 2 higher level or more complex structure, i.e., a
subassembly. Typical detezil parts *vould include all types of honeyccemb,
various metallic parts and cured composite pacts and laminates. The <
operations or processes would primacily center around the adhesive bonding and
wmechanical fastening activities. Figure 3-54 identifies the major
configuration items within the subassembly cell.
SUBASSEMBLY
CELL
Cl-6.0
ADHESIVE MECHANICAL
BONDING FASTENING
CI-6.1 Ci1-6.2
LOCATE LOCATE
DETAILS DETAILS
cl-6.1.1 cl-6.2.1
APPLY GENERATE
ADHESIVE HOLES
CI-5.1.2 CI-6.2.2
OTHER INSTALL
FASTENERS
CI-6.1.3 C1-6.2.3
Figure 3-54 Specification Tree - Subassembly Cell
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Composite Structure Rework Cell (Configuration Item 7.9)

- g SR :

’ The part rework cell has the function of bringing laminates, detail parts
and gubassemblies that have been rejected up to standard for subsequent buyoff
in the test and inspecticn cell. Major problems in leminates will be edge
delaminations or disbands and surface scratches, reworking voids and
attachment holes. This cel! could be construed as one that does customized
work since no two rewerks will be exactly the same. The amount of work
flowing through this cell depends upcn how geod or how bad other cells in the
center are functioning. Figure 3-55 identifies the major configuration items
within the structure rework cell.

RZWORK
CELL
Ci-7.0
voIDS . ) DELAMINATIONS
Ci-7.1 Cl-7.2
. EDOGE

< C1-7.1.1 c1-7.2.1

. INTERLAMINAR

- C1-7.1.2 Cl-7.2.2

i
Vo
b
Ly
&

Pigure 3-55 Specification Tree - Rework Cell
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Tool Preparation and Quick-Fix Cell (Configuration ltem 8.0)

The tool preparation and quick-fix cell focuses on repaliring minor
discrepancies, engaging in preventive maintenance and preparing the tool for
positioning in the queue for lay up in the laninating cell or meving it to
tool storage for use at scme later date. Cured part removal from the tool is
performed by this activity. They are also responsible for meintaining the
vacuum fittings and thermocouple wires used in the curing cell. This cell
validates the tool as to “olerance checks, lzak checks, and surface
preparation. It interfaces with all cells in the center that have an impact
on tooling. FPigure 3-56 identifies the major configuration items within the
tool preparation and quick-fix cell.

TODL PREPARATION

CI1-8.0

AND QUICK-FIX CELL

) L

(

1

CURED PART QUICK-FIX TOOL
REMOVAL PREPARATION
CI-8.1 Cl-8.2 CI-8.3

MANUAL SURFACE SURFACE
c1-8.1.1 ci-8.2.1 CI-8.3.1
AUTOMATIC OTHER LEAK CHECK
c1-8.1.2 cI-8.2.2 CI-8.3.2

2727 227 DIMENS IQNAL
STABILITY
C1-8.1.3 C1-8.2.3 C1-8.%.3
Figure 3-56 Tool Preparation and Quick-Fix Cell
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The msterial handling system is responsible for moving composite material
from the loading dock into the refrigeration units in the laminating cell.
This system also inventories and retrieves all consumables assoclated with the
production of composite structures. It is concerned with the total center and
not with individual cell hsidling systems and interacts with the
satellite-material systems of each cell. Figure 3-57 identifies the major
configurstion items within the material handling system.

MATERIAL HANDL ING
SYSTEM
CI-S8.0

( R

MATERIALS - TOOLS sCTOnMJCOTSUIHTEEs
C1-9.1 cI-g.2 - C1-9.%
COMPOSITE LAYUP CURED
C1-9.1.1 c1-g.2.1 €1-9.3.1
' I
A L |
CONSUMABLES ANCILLARY UNCURED
CI-9.1.2 c1-9.2.2 CI1-9.3.2
OTHER OTHER OTHER
C1-9.1.3 L €1-8.2.3 €1-9.3.3 )

Figure 3-57 Specification Tree - Material Handling System
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pesign Composite Structure {Confizuration Item 10.0)

Tho design composite structure cell will use sutomated design tools to
design the layup tools used in the ICC, particularly the laminating cell. The
major considerations in the design and fabrication of tooling for composite
parts are targeted at control of fiber orientation; the contour and size of
the part; the location of the pert in the assembly; and maintenance of
dimensional tolerance control. Some design tools for the design/manufacturing/
quality assurance interface are:

Computer-aided design

Computer graphics

The linkage of CAD/CAM

Computer-aided lofling

The tie-in with CAD to programs similar to NASTRAN

00 000

Figure 3-58 identifies the major configuration items within the design
composite structure. Figure 3-59 illustrates the complex engineering/
manufacturing/quality assurance interface network.

DESIGN COMPOSITE
STRUCTURES
Ci-10.0

‘ J L
[ )

ENGINEERING MANUFACTURING QUALITY
REQUIREMENTS CONSTRAINTS CONSTRAINTS
CI-10.1 CI-10.2 CI-10.3
GEOMETRICAL SIZE
CI-10.1.1 C1-10.2.1 ,
COMPOSITIONAL §EGS§LES
9
Cl-10.1.2 Ci1-10.2.2
LOAD .
cAroRD TOLERANCES
CI-10.1.3 CI-10.2.3

Figure 3-58 Specification Tree ~ Design Composite Structures
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Figure 3-59 Engineering/Manufacturing/Quality Assurance Interface Network
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Composites Management System (Configuration Item 11.0)

The composites management system is the mechanism whero the productien
requirements and the resources controlled by the ICC are effectively joined.
This system also provides a "look. ahesd” capability to avoid or minimize
potentially costly imbalances between production requirements and available
resphrces. The system provides computer-based support to the following
functions:

Planning

Scheduling

Controlling

Communicating

Quality assurance

Performance measurement

decision-making support

Maintenance of operations

Performance improvement

Providing feedback informaticn to system external to the ICC.

000 000O0O0COO

Figure 3-59 identifies the major high-level configuration items within the
composites management system. Figure 3-60 shows these same seven
configuration items placed within a systems-oriented framework. As the design
shows, the system contains a subset of the factory systems.

ICC MANAGEMENT
SYSTEM
Ci-11.0

N

7 ~
I [ 1 ]
CENTER INVEN1ORY TOOL ING QUALLETY
CONTROL CONTROL CONTROL CONTROL
CI-11.1 CI-11.3 CI-11.5 CI-11.7
REQUIREMENTS MAINTENANCE PERSONNEL

CONTROL CONTROL CONTROL
ci-11.2 Ccl-11.4 CI-1t.8

Figure 3-60 Specification Tree - ICC Management System
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CENTER
CONTROL
SUBSYSTEM
[dRIN]

REQUIREMENTS TOOLING
CONTROL CONTROL
SUBSYSTEM SUBSYSTEM
an [{BER
INVENTORY PERSCNNEL

CONTRIL MANAGEMENTY
SUBSYTEM SUBSYSTIM
<l (RN }

MAINTEYANCE QuALITY
CoOnNTROL CONTROL
SURSYSTEM SUSSYSTEM
[<R1X} CL117

NUMAN
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MANAGEIMENT 7
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Jr//" '

INFORMATION
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\
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-
\

Q
N

COMPOSITE MANAGEMENT
SYSTEM

Figure 3-61 Composite Management System Modules
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QUALITY ASSURANCE

Quality Assurance for composite components must include two major
elements: (1) assurance that the product design will achieve its many
requirements, and (2) assurance that Lhe ICC will closely control the
production of all characteristics which affect the end result of Lhe product.

" The first element is generally covered by the engineering organization
during the design phases of producl development using inpuls from marketing,
manufacturing quality assurance, service organizations, and customer
represealatives.

The second element converns Lhe function of meeting the
specifications/tolerances associated wilh each characteristic. It becomes
obvious that the grealer the importance of the characteristic and/or the less
abilily of the shop to meet the specifications, the greater the need exists lo
control the characteristic by some other mesans.

One workable system is to reduce both factors Lo a numerical scale. Each
factor is then rated on a scale from I to 10. A high relative importance
combined with a low ability to meet specificetions results in a high need for
control and the converse situation would indicate a low need for control.

Marketing, product service, design engineering, menufacturing engineering,
quality assurance and shop personnel working jointly can suggest various
methods to assure control when the need for control is high and also arrive at
a cost-effective and quality-effective solution.

As a last resorl, additional or continued inspection and test procedures
may be called (or until adequate process controlsd can be put in place.

DEVELOPMENT SPECIFICATION APPENDICES

As part of the Task E, Produce Confliguration task, the coalition developed
a separate volume of Appendices which contains specific Development
Specifications for Northrop's, Vought's and General Dynamics' Integraled
Composites Center. 1In sddition, this volume also contains an Appendix D,
which was General Electric's input on "Plan and Control Composites and Ils
Relationship to Control Cenlers."

These appendices, specific to Northrop, Vought and General Dynamics,
eslablish ICC Systems Design Paramelers, Configuration Ttems, Alternative
Design Concepts, Subsyslem Development Specificslions and Quality Assurance.

Gencral Electrics portion envigions composites as a complete "factory”
accepting 'orders™ (in the form of a schedule) for composite assemblies.
Their approach facilitates the planning and control of composites assemblies.

These four Rppendices (A, B, C and D) were submitted as part of the
DS110511000 document which was submitted to the Air Force for approval on 30
June 1983.

3-14A5
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3.4 Quslity Assurance/Quality Contrcl/Technical Reguicemnhtsltasks (Task D,)

The assurance of Quality cuts across the entire life cycle of an aerospace
product - from initial concept, through dasign, pre-production, production and
use. To provide this assurance, a quality plan must be produced to ensure
that the quality requirements will be met throughout the product life cycle.
Since the quality of the design has 2 significant impact on the quality of tha
product, Engineering end Quality must interact closely during the design phase.

Similarly, Manufacturing, Design and Quality must interact during the
pre-production phase. During the production phase, the quality plan is used
to ensure that the raw materials, components, and subassenblies are being
transformed into acceptable parts. Finally, Quality must monitor field
performance during the "use and maintain” phase of the life cycle. This data
(as well as other Quality Information) is used to provide .Jeedback to aid in
evaluating QA/QC effectiveness, reliability and maintainability.

General Electric Company, as part of the Vought, Northrop, Genaral
D:mamics coalition, was responsible for accomplishing Task D. SofTech, Inc.
also provided additional support for this task.

Task D had three broad objectives:

o The understanding of today's "AS IS" QA/QC environment

o The transferring of technology

o The developing of a recommended Product Assurance Program Management
Standard for the Factory of the Future.

Understending Todav's "AS IS" QA/QC Environment - The objective of this task
included establishing an "AS I3" QA/QC architecture suitable for being used as
a baseline for the QA/QC requirements of Task B - Factory of the Future and
Task C - Integrated Composites Center. It also included devising & method of

incorporating the QA/QC architecture into the existing "AS IS" manufacturing
tectnology.

Iransfer of Technology - This objective included developing a Quality
Assurance Manual which would provide a standard approach for modeling,
analyzing and improvang the "AS IS" QA/QC functions in industry as well as
providing a technology transferring medium.

Developing a Recommended Product Assursnce Program Mansgement Standard for the
Factory of the Future -.This task included analyzing MIL-Q-9858A and related
standards/specifications for potential deficisncies in the sutomated
environment of the Factory of the Future. The recommended Product Assurance
Program Standard recognizes integrated automated management and production
cystems applicable to the current cnd future manufacturing environments. This
approach is intended to help pave the way toward a paperless manufacturing
environment from an integrated quality assurance viewpoint.
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These tasks were organized around developing structured graphical models
representative of QA/QC functious performed in the aerospace industry which
could be used as a baseline understanding for launching other industrial
quality technology projects.

«

The Task D objectives by work hreakdewn structure is shown in Figure 3-62.
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Figure 3-62 Tas¥ D Objectives by WBS
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3.4.1 55tab1ish49&lQ§ Project Plan and Schedule (WBS 4.4.1)

The QA/QC Project Plan and Schedule were established in the Project Haster
Plan and Schedule (P¥P11C510000) dated 1 January 1982, the schedule revision
(PMP110510000A) dated 1 February 1982 and in the 15 February 1983 revision
(PHP110510000B). As part of the Schedule, subtasks covering Understanding the .
Problem, Establish a QA/QC Manual and Establish Product Assurance Program -
Standard were defined and a time schedule for their accomplishment was
established as a series c¢f program milestones.

The scope of the "AS IS" QA/QC environment as it related to the "AS IS”
Architectures of Manufacturing (MFG@) and Design (DES®) was developed in
conjunction with the Project Haster Plan and schedule. A “strawman' IDEF®
model (A-O0 and AQ diagrams) "Assure Product Quality" was developed and

provided the basis for future coalition efforts in modeling their company

specific QA/QC functions. The A-0 diagram is illustrated in Figure 3-63 and
the A0 diagram is illustrated in Figure 3-64. As shown in Figure 3-64, the
major activities of the QA/QC function are:

Al Develop Quality Requirements
A2 Prepare Quality Plan

A3 Provide QA/QC Resources

A4 Perform Quality Control

AS Evaluate QA/QC Effectiveness

3.4.2 Understand The Problem Using The MFGO, MFGl, DESO and DES1 Architecture
(WBS 4.4.2)

QA/QC activities that are associated with the life cycle of an aerospace
product, begin with the conceptual studies performed prior to responding to a
proposal and go through to the analysis of field data. In undertaking this
task, emphasis was placed on both the technical and management issues of the
QA/QC function. IDEF®? and IDEF1 modeling techniques were used to assist in
understanding the "AS IS" QA/QC function and its relationship to MFG®, MFG1,
DESO and DES1.

Four specific documents were developed from the results of this WBS item.
These documents are:

o Scoping Document which defined the contractual effort and QA/QC
relationship to existing ICAM Architectures

o System Environment Document which investigated various manufacturing .
“AS IS" QA/QC systems, developed integrated site specifice and generic -
IDEF models and established architecture iaterfaces with MFG® and
DESO. The architecture iuterfaces have been published in
AFWAL-TR-82-4063, Volume V, Architecture Part I1I, Composite Function
Hodel of "Manufacturing Product® (MFGO).

o Needs Analysis Document - which investigated various manufacturing "AS
IS" QA/QC systeme and defined the specific needs of those systems
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o System Requirements Document - which translated "needs™ into system
requirements and identified improvement concepts.

Figure 3-65 illusirates the various documents which were produced as a
result of the Task D effort. The following paragraphs provide a summary of
the activities that contributed to these dccuments.

3.4.2.1 Perform Needs Analyses

The Needs Analysis activity addressed the "AS IS* environment in terms of
cost/performance drivers and human factors affecting the current system and
identified where improvements should be masde. The six major activities of the
QA/QC system were identified as:

Prepare for future QA/QC aerospace demands
Dev:lop QA/QC RFP response

Prepare QA/QC quality plan

Implement QA/QC program plan

Perform to QA/QC program plan

Evaluate QA/QC effectiveness

000000

Key areas of needs were summarized and structured in a needs analysis

matrix (see figure 3-66). Areas of need have been identified and combined in
the following categories:

Early Integration of Quality Assurance/Control considerations
QA/QC Equipment

QA/QC Information Handling

Technical Skills

Software Quality Assurance

© 0000

Integration of the Assurance of Quality - The following key areas of needs
were identified for the Integration of QA/QC activities. These needs affect

all functions from Marketing through Engineering, Manufacturing and Loglstics
Support.

0 Early prevention/detection of quality problems and capitalizing on
quality opportunities

o New QA/QC technology compatible with future design concepts and factory
of the future designs and change proposals

o Utilize present quality problem data in future designs and change
proposals

o Early availability of design and manufacturing requirements for
inspection and test planning and equipment requirements

o Reduce QA/QC resource inefficiencies associated with project
organizations.
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TASK “D”
3 Sub-Tasks

- 1) Understand the Probiem—“As [s” Aerospace Industry

Scoping Document System Environment Needs Analysls

System Requirements
Dacument Docurment

Document

2) QA/QC Manual—Architecture for Product Assurance

3) Product Assurance Pro

gram Standard—for Automated
Environment

Figure 3-65 Documents Produced on Task D
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OA/QC Equipment Weeds -~ As highly auiomated zrudzction systems. are integrated .
-into manufactucring desigii, the tenfency his beea £o gwverload the Quality - - - «owio woe
Assurance requirements in the overall desigm. 3y a result, the traditional

: methods of inspection seriocusly impact produzrica. Inspection productivity
. ' can be increased by automzting labor intensire iaspertion processes. There
' must be interactive inspection and verifizatism zimed at non-conformance .
prevention and timely and effective preventire maixlenance. Some key needs in
this area are:

= Inspections of Internal Integrity of Compositec
: Composites Dimensional Inspections
Detziled Machined Part Dimensicnal Irspectima
Electrical Wire Harness Inspection
Sheet Metal Blanking Inspecticn
Automated/In-line Electronic Circuit {A£QC laspection

© 0 00QO0

QA/QC Information Handling Needs

: Due to the labor intensive nature of inszecticm data collection in the
N ' Factory of Today, a large part of an inspectecr s time is spent in filling out

' - forms. Information must be inputted manually. Selected portions of the
information are archived and storage and retrieval is usually totally manual.
Information in the form of blueprints, specificztio-m and procedures is usually
distributed manually. Thus, there exists a re=# to ~2liminate much of the

‘ manual interaction now required. Automated Izfecemation management systems
that can handle the collection, analysis and repsctinmg of inspection data are
required. The coalition team identified seven key areas of need associated
with QA/QC information handling. They were:

TN . 0 Provide QA/QC field information for early problem identification and
solution

! o Improve the collection, processing, stocreg> and retrieval of shop floor
o ingpection data

0 Secure useful incoming inspection €2tz in. a timelv manner

0 Submit a quality plan in response to the TIFP that utilizes demonstrated
strengths

‘. S 0 Ensure correct -inspection programs are lrade2 on numerical control-type
: inspection equipment when part arrives

o Provide only current relevant inspesctisma 23ta to the shop floor
o Reduce the time and cost to incorpcrate regeiitious QA/QC.

Technical Skills Needs

There were three major areas of needs assocriated with QA/QC skills
identified by the covalition team. These were:
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. o Obtain and maintain tecchnical skills in high demand and‘ghoft‘suPPiygmwsﬁ :

€,

"0 Make effective use of available QA/QC skills

0 Allocate the range of skills required to effectively perform certain
QA/QC tacsks.

These needs are not unique to the aerospace industry. They are associated
with staffing and management functions of all organizations. However, there
are possible technical solutions which may alleviate these needs. They are:

o Provide or reduce the necd for QA/QC skills where they are in short
supply

o Provide a closer match between QA/QC personnel and position skill
requirements

o Provide a quality assurance audit capability to measure the adequacy of
the QA/QC systems.

Software Quality Assurance Needs

Software, like hardware, is crucial in terms of cost, schedule and
performance and deserves the same level of emphasis as hardware. Software
includes operating systems, supervisory systems, compilers, test routines and
application programs. Some of the problems which exist in the software area
are:

Poor requirements definition

Inadequate systems engineering

Inability to track software development progress

Inadequate design change and configuration control

Improper matching of test and verification with requirements
Availability of support coftwzre when needed.

000 00O

The Needs Analysis document (RAD110513000) published on 24 June 1982
expands on the summation of the needs desc.ibed in the preceding paragraphs
and highlights the background, human factor issues, cost drivers, benefits (if
corrected) and the estimated cost benefits in dollars and as a percentage of
known costs.

3.4.2.2 Establish "AS-IS™ Environment (WBS 4.4.2.2)

The major modeling effort occurred in support of meeting the requirements
for a System Environment Document (SED). That document contains the “factory
view” models from each of the coalition members as well as the '"composite
view" IDEF® (functional) and IDEF1l (informational) models. The final
composite IDEF® model had 143 nodes ranging from *“Develop New Technologies"
to "Perform NDT Inspection.”
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S !hree altcraft contractors (Eorthrop. Yought anc General 9yna-1cs)
“collected data’to devolop three separzte models of “AS IS* factory QA/QC
" views. These views were representative of multipurpose production centers
A (i.e., assembly, machining, electronics, composites and fabrication). The
; viewpoint was from members of the Task D coalition project team. Data was
o collected from those who had the most information in whatever activity was -
1 ~ belng modeled. .This data, then, became the baseline for the ingividual
factory view models. The assignments for these view models were as follows:

;‘3.”£x : 0 General Dynamics would mcdel upper level management and expand into
NESRE S Test/Inspect and evaluate for the electronics area’
¥

o Northrop would do the same for the composites area

o Voupht would do likewise for the sheet metal, mach1ned parcts and
assembly areas.

Figure 3-67 is a factory view of General Dynamics' IDEF@ Function
Model. Figure 3-68 is a factory view of Northrop's generic QA/QC functions
which occur throughout the entice life cycle of an aerospace product. Figures
3-69, 3-70 and 3-71 show the detailed architecture and the subtagks involved
in Northrop's QA/QC functions involved with the chemical and physical testing
of prepreg in the composite area. Figure 3-72 is Vought's 1DEF® model of
its generic QA/QC functions which occur across the life cycle of an serospace
. ' product. Figure 3-73 is an in-depth model of sheet metal and extruded parts

; QA/QC inspection. Figure 3-74 is a similar example for sheet metal and
extrusion inspection and Figure 3-75 demonstrates a model of asseably test,
inspection and assembly procedures.

. ’l(

A detailed discussion and description of the "AS IS™ models ig presented
in the Task D, System Envircnment Document (SED10513000) of 31 August 1982.

'3.4.2.3 Establish The “"AS-1S Composite QA/QC Models (WBS 4.4.2.2

[. it The Northrop, Vought and General Dynamics Factory View models were used to
. .- develop the IDEF0 Composite View models. The IDEFl Composite view model was
Lo reviewed by SofTech and approximately 75% of the SofTech suggestions were
incorporated into the firnal model.

working as a team, the coalition members reviewed and identified the
commonalities of the three factory view models from which the composite view,
function and information models were developed. -

Figure 3-76 is the QA/QC composite model node tree reprezenting thé
combined efforts of all participants. Figures 3-77 illustrates an Entity
Class Function view of the IDEFl .nformation Model.
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3.4.2.4 Establish Architecture Interface Intepration (WBS 4.4.2.4)

The “Assure quelity™ architecture model was integrated with the master
ICAM manufacturing (MFGOl) and Design (DES), 1) models while working with
personnel of the ICAM architecture Part 11I, Project Priority 1104. The
results have been published in AFWAL-TR-82-4063, Volumes III, IV, V, and VI.

Figure 3-78 reflects a generic view of the product quality architecture
interface approach with manufacturing and design architectures. Figures 3-79
and Pigure 3-80 illustrate QA& interface with MFGO and DES@ nodes,
respectively. The QAC Node Chart shown in Figure 3-81 illustrates the flow of
the various functions as they integrate into each other. Figure 3-82 shows
the production flow of General Dynamict F-16 line as the various components
and assemblies are integrated into the final aerospace product.

3.4.2.5 Establish Improvement Concepts (WBS 4.4.2.5)

The System Requirements Document (SRD110513000) translated the needs
identified in the Needs Analycis Document into systems requirements capable of
satisfying those needs. Each need was reviewed in terms of suitable
improvement concepts. The original draft was reviewed by Vought and General
Dynamics who recommended several changes which were incorporated into the
final draft. The final draft was submitted to the Air Force on 24 September
1982 and approved on 5 July 1983. The Systems Requirements Document was
reviewed by industry and several changes recommended were incorporated prior
to final approval by the Air Force PMO.

The System Requirement Document (SRD) provided:

o A set of improvement concepts that addressed the integrated factory
QA/QC environment

0 The system requirements that serves as a basis Jor understanding what
is to be accomplished if the needs of quality in the Factory of the
Future are to be met

o A basis for tracking future implementa’ion programs.

The SRD further described the specific QA/QC performance requirements to
be satisfied by the QA/QC "TO BE" System. This document was divided into four
‘major sections as folilows:

1. Identified how the system requirements and improvement concepts were
developed for each key area of need as listed in the QA/QC Needs
Analysis Document.

2. Identified the specific system requirements and improvement concepts

for each key area of need. These areas were grouped into the
following categories:
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Figure 3-78 Generic Product Quality Interface Architecture
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Figure 3-79 QA@ - Integration with MFGO
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Develop Conceptual Designs
AlZ Analyze Customer Requicements
Al2l  Define Requirements

A)222 Compare Requirements
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Figure 3-80 QA0 - Integration With DES@

3-171



FTR110510000U
29 June 1984

A-2

Get and Use
Aerospace
Product

A-2 A-l A-23 A-24
Plan to Develop & Use Product Maintain
Accomplish Produce Product Retrofit,
Objective Rebuild
Product

A-ll A-12 A-13 A-15
Manage Design Manufacture  Assure " Provide for
Product Product Product Product Logistic

) Quality Support

Figure 3-81 QA# Node Chart

3-172



eLT-¢t

VLA AL

Q

.3
full Qosum
S108 Pangt

am
N e u:r’i:uf;:m \ YaRS NS LAt g
1idd < gn 1 LTI LY
AFT SUMAACE

sttty

nma
COCRPIT 4104

R TN

Torwary CXRPIT SI0%
uIr day ® L Y
sRChR  an
FORNASD ps
HOUIP. BAY M

N, AN

UL LLDSURL £OCKPIT
S1RC TR
AN %y
£y Tanl

10 PANEL
N
7y N AND et

VIRTICAL £y S\ ASSLWRY p
WADING EDCH e
AND INTL AR N2 AR
un [TV NTR STy ~\\ Sy
mall

F-16A PRODUCTION FLOW

olo; - .

AUDOER UaLs 1 t
AND N3] PARTS - . L% N
: . [T <«

2

TR
JuStLaLE waty
Biay

UIN CARDPY

~ QB.{'WHS Loy %
‘

in
VERTICA 1N
RIUTALE .3

' . » >
g ° Ny,
VIRTICAL h " v
%ln\n k . &k q
" - w ., o
Dy, 2
,_ ¢

N ~

&

e |n|4

RP, CONTRFUSLAG
_»Y 1

1an
. AFTRYSELALL
Ny
. 144
&

-
APELD SRAK(S an

e &
anD FAIRING S . . ThC it ACCLYY o
1" »
=
T ool
AFTQ NN R L1
FusSi: AUl WATE MAIN LAND NG

orany \3

"0.\\ TLAR DOURY

(‘“\‘\ i

A i

WV aom STARLIZIN AmD
iatich iy Brunsaics e ( . YTy PART
PAMLS eaie S
[y un
RADOWE D TAILS NOSI RADUSY
10 fhunsWICE \
DORIAL
FAINGS

no
TAIL w0R
ANO INSTL FaRTS

x 1047 1o

Laklat 2]

OLLIVERY ~

Figure 3-82 Perform Test, Inspect and Evaluation (FEO) .

9861 aung §Z2
N0000TSOTTYIA



FTR110510000U
28 June 1984

Early integration of functional activities

Providing fast, reliable inspections

Timely transmission of data

More effective personnel practices and resource allocation
Additional procedures for the "AS IS" quality system.

0Oo000@Q

3. Identified what other ICAM systems might be impacted if the QA/QC
system requirements were met

4, Identified those portions of the QA/QC IDEF® activity diagrams
that will be affected when improvement concepts are implemented to
meet the system requirements.

Figure 3-83 is a partial listing from the System Requirements Document
that illustrates how key areas of needs are defined, how they relate back to
paragraphs in the Needs Analysis Document, and the relevant IDEF@ nodes to
which they appertain.

The specific system requirements and improvement concepts section of the
document defined each system requirement, proposed an imgrovement concept,
discussed the availabtility of state-of-the-art techniques ana approaches,
established relevant effected nodes, and estimated the potential cost
savings. Figure 3-84 is an example of the details describing system
requirements referenced in figure 3-83.

Also discussed in the SRD is the potential impact QA/QC requirements might
have on other ICAM systems. It points out that this impact must be considered
in future planning because if the solution to QA/QC problems were implemented
separately, they might create costly and time consuning incompatibilities.

3.4.3 Establish QA/QC Manual (WBS 4.4.3)

The objective of the QA/QC Manual was to provide a standardized approach
for modeling, analyzing and improving "AS IS" QA/QC functions in industry.
From this document, industry and DoD will be able to start from a developed
QA/QC baseline and follow a logical, structured approach. This manual also
identified common QA/QC functions and illustrated how integrated “TO BE"
models and architectures were evolved for improvement concepts.

The completed document was entitled "Architecture for Product Assurance."
It was developed by organizing and simplifying the output of the standard ICAM

documents produced as part of understanding today's "AS IS" environment and

putt.ag that information into an easy, readable format.  The document conteins
simple instructions on how to build a model. It contains the composite
function IDEF® and information IDEF1 models for "Assure Product Quality"

with simplified directions for how to read and interpret the models.

The "Architecture for Product Assurance™ also contains a summary of the
Needs Analysis Document and the System Requirements Decument with a brief
explanation of how those two documents were developed.
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PARAGRAPH

.IN NEEDS RELEVANT

ANALYSIS IDEFO

DOCUMENT KEY AREAS OF INEED NODES

3.3.2.1 Needs Associated with the Integration
of Assurance or Quality.

3.3.2.1.1! Barly prevention/detection of Design/ All
Production/Manufacturing problems and
capitalizing on Quality opportunities.

3.3.2.1.2] New QA/QC technology compatible with Adlde, A32
future design concepts and Pactory-of- A34, A43
the-Future manufacturing innovations.

3.3.2.1.3| Utilize present Product problem data A56
in future designs and change proposals.

3.3.2.1.4| rarly availability of Design and A32, A34
Hanufacturing requirements for Test and Ad3
Inspection plarnning and Equipment
requirements.

3.3.° 1.5 Reduce QA/QC resource inefficiencies A2
associated with project organizatijons.

3.3.2.2 Needs Associated with QA/QC Equipment.

3.3.2.2.1] Inspections of internal integrity of AS51214
composites.

3.3.2.2.2| Composite dimensional inspections. A51231

3.3.2.2.3| Detailed machined part dimensional AS5122

: inspaction.
3.3.2.2.4| Blectrical wire harness inspection. A5132

Pigure 3-83 QA/QC Key Aress of Need
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) _ 3.1.2.2.2 Past, reliable inspection of internal composite
Sl Dimensions.

System Requirement: The inspection of composites during the
lay-up process is a continuous effort.
Since the tape is opaque, each layer
must be inspected for tape orientation

- and spacing. The inspection is manual
and must be repeated for each layer. As
a result, Quality Assurance is very
labor intensive and time consuming.

This problem exists in both tape and
broad goods lay-up. A fast, reliable
in-process inspection of composite
materials is needed that will reduce the
time and cost 60 to 75%.

Improvenent Concept: Integration of the inspection function
with the tape and cloth lay-up to
assure, rather than just inspect for,
tape orientation and spacing. This
would be a part of the automated lay-up

progranm,
Improvement Concept
State-of-the-Art
Status: Not Available

There are some potential methods that
show promise including x-ray, cat scan,
and sonic scan.

Key Area of Need: Composite dimensional inspectiosns.

Paragraph & Page
No, in NAD110513000 3.3.2.2.2, page 3-25

Relevant IDEP0O Nodes: AS51231

Benefits: $25 Hillion (3.4% of the savings)

Figure 3-34 Improvement Concepts Example
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In developing this document, the ccalition (General Electric, Vought,
Northrop, and General Dynamics) took into consideration that there could be no
pat answers nor tailormode guides for individual industrial businesses for
obtaining instant sclutions to quality and productivity problems.

However, this document does simplify the process considerably by providing
a logical path to sequence events, pricritize those operations that merit
immediate attention, eliminates duplication of procedures and establishes a
road map that is designed to be both pertinent and flexible. The basic
guidelines set forth in this document are designed to help industry achieve
the quality and cost efficiencies it desires without the burden of immediate,
overwhelming expense.

3.4.4 Establish Product Assurance Program Standard (WBS 4.4.4)

The four documents produced during the first phase of this project,
"Understand Today's "AS-IS" QA/QC Environment", provided the background for
the development of the Product Assurance Program Standard. This data,
however, presented a limited point of view since the coalition had focused on
Quality Assurance in aerospace manufacturing. Further, the data was presented
from the perspective of the Quality Program/Project Manager.

The data base was expanded further by:

Contacting Air Force suppliers who provide other products

Contacting other DoD contractors who provide Army and Navy supplies
Contacting other Air Force and DoD personnel

Contacting the highest ranking Quality Assurance officers in industry
and the military.

o000

The coalition was then able to combine its working level data with "policy
makers" data.

A questionnaire was developed to capture data in an organized and
structured manner. This data was analyzed along with the feedback from
personal interviews. Specification MIL-Q-9858A and related documents were
also analyzed and problem areas and deficiencies were identified.

The Product Assurance Program Standard document includes consideration for
integrated automated management and production systems applicable to current
and near-future manufacturing environments.

Figure 3-85 summarizes the coalition's approach to developing the Product
Assurance Program Standard.
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. " *ScD - Systems Environment Document
OUESTrOmAIE @ : ‘NAD - Needs Analysis Document
‘SRD - Systems Requirements Document

Figure 3-85 Product Assurance Program Standard-Approach Summary
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3.5 (WBS 6.0) Specizl Considerations

*,3.5.1 Industry/Governmant Debriefing (WBS 6.2)

The Project 1105 prime contractor sponsored an end of contract debriefing
at the Loews Anatole Hotel on 21 Junes 1984. The purpose of this debriefing
was to transmit th2 salient results of the Project 1105 effort to appropriate
representatives from Industry snd Government. Invitations were extended to
approximately four hundred people and approximately 200 attended. Names were
obtained from a list supplied by the Air Force PMO.

3.5.2 "Annual ICAM Industry Day Participation (WBS 6.8)

The coalition participated in two ICAM Industry Days as follows:

o Sizth Annual Industry Days, New Orleans, Louisiana, January 1982
0 Seventh Annual Industry Days, New Orleans, Louisiana, June 1983

Plars are currently underway to participate in the Eighth Annual Industry
Days to be held in Dallas, Texas 9-12 April 1985.
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SECTION 4

REFERENCE DOCUMENTS

4.1 Abstiacts_of Approved Life Cycle Documents

The following paragraphs describe the approved life cycle and
supplementary documents that have been produced on Project 1105. These
documents may be ordered by using the Document Regquest Form found at the end
of Secticon 4.

A.1.1 Task B Approved Life Cycle Documents

(1) Tack B - Scoping Document {(SD), “Factory of The Puture Conceptual
Framework," 25 March 1982, (SD 110512009), Voiume IXI, Part 1,
AFWAL-TR-84-4020

This document states the objectives of Task B, relates the objectives to
specific work statements by defining the bounds of the project tasks and
defines where the project correlates with the ICAM Architectures of
Manufacturing and Design. For Task B, the two major objectives are: to
establish an overall conceptual framework structure of upper level management
functions supported by concept descriptions/definitions and limited

L architectures; and to establish a long-range, systematic strategy for
initiating concept descriptions.

(2) Task B - Needs Analysis Document (NAD), "Factory of the Future
Conceptual Framework," 10 May 1982, (NAD110512000), Volume II, Part

2, AFWAL-TR-84-4020

This document identifies "NEEDS" in the current “AS IS" factory
environment in order to conceptuslize opportunities for improvement. Seven
mejor cetegories of needs were identified. The needs are related to:
Informaticn Resource Managemment, Management of the Factory, Product Definition
. and Planning, Product Assurance, Human Resource Management, Materials
' - Management, and Financial Management. The document then relates {(in a series
’ of matrices) how these needs categories apply to the generic functions of the

‘ Factory of the Future detailed in the Scoping Document.

3) Task B - State-O0f-The-Art Document (SAD), "Factory of the Future
Conceptual Framework,' 20 September 1982, (SAD110512000), Volume II,
Part 3, AFWAL-TR-84-4020

This document outlines the state-of-the-art technology which is applicable
to the FoF environment being studied by the Task B coalition. The SAD was
investigated from the perspective of information/communication/computer tools
which support the factory management level decisions and the interface of this
level tc all cther functions of the factory. Since the FoF is envisioned for
the 1995 time-frame, tnis SAD analysis included not only current technologzy
but, also lesding edge technology which has a potential for demonstrating cost
effectiveness. A detailed description of a leading computer integrated factory

4-2
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(Ingersoll Milling Machine Company) is also included. The appendices contain
a surmary of selected data base management systems, a review of other ICAM
SADs and their relationship to the FoF, and finally, a statement of

" compatibility of the SAD with IPAD findings.

(&) Task B - System Reguirements Document (SRD), "Factorv of the Future
Conceptua) Framework,'" 3 Harch 1383, (SRD1105120000), Volume II,

Pact 4, AFWAL-TR-84-4020

This document ocutlines the requircments and concepts for the enhancement
of the aarospace factory operzstions in 1995. The document relates these
requirements using the seven major categories identified in the NAD. These
are: Information Resource Manzgement, Management and Control, ‘Product
Definition and Planning, Product Assurance, Human Resource Management,
Materials Mansgement, and Financial Management. This document identifies
these requirements for the Generic Factory of the Future and establishes the
basis for developing the Factory of the Future Conceptual Framework.

(5) Task B - Svstem Specification Document (S8), "Factory of the Future
Conceptual Framework,' 14 October 1983, (SS 1105120000), Volume II,

Part 5, AFWAL-TR-B4-4020

This document expands and further details the major requirements
jidentified in the Systems Requirements Document (SRD1105120000). This
document views the system in terms of specific system requirements and
provides sufficient criteria to enable an initial conceptual design of the FoF.

(6). Task B - Conceptual Framework Document, "Factory of the Future
Conceptual Framework," 10 February 1984, (MMR110512000), Volume II,

Part 6, AFWAL-TR-84-4020

This document descrites an appreach for achieving computer integrated
manufacturing in the 1995 aercspace Enterprise using the concepts developed in
the SRD and SS. The nerospace Enterprise (factory) is described as a total
system. It is broken down using System Engineering Methodology into its
component parts; goals are reviewed; the operating environment of the 1995
time-frame is discussed; its principles of operation are defined and its
functions are described. Detailed description of the major factory components
are presented in the discussion. These components are examined from the
physical view (people, production tools and equipment, facilities and the
computer integrated factory network) and the logical view (common data base
and logical processes used to manipulate data/informaticn). The conceptual
framework is based upon concepts previously developed and, as such, represent
a hypothetical view. The document slso points out that, a different
description is possible if the asctual parameters of a specific Enterprise were
used as opposed to the generic concepts used by the coalition.

4.1.2 Task C and E Approved Life Cycle Documents

4-3
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(1) Task C - Scoping Document (SD) "Integrated Composites Center
Conceptual Design,™ 30 June 1982, (SD 110511000), Volume ITI, Parct
1, AFWAL-TR-84-~4020

Thig document states the objectives of Task C, relates the objectives to
specific work statements by defining the bounds of the project tasks and
defines where the pro- ct correlates with the ICAM architectures of
Manufacturing and D~ . n. For Task C, the two (2) major objectives are: to
establish the needs equirements for an integrated composites center concept
(basic effort), and to establish The Integrated Compositesgs Center
specification, preliminary design and implementation plans for the minimum of
two (2) different manufacturing locations (Option 2).

(2) Task C - Needs Analysis Cocument (NAD), "Integrated Composites
Center Conceptual Design,” 30 April 1982, (NAD110511000), Volume
III, Part 2, AFWAL-TR-84-4020

The purpose of this document is to identify shortcomings in the "As Is"
composites manufacturing systems and to conceptualize possible opportunities
for improvement. Fourteen categories of needs were identified. The needs
are related to part design, rate and volume requirements, and position on the
learning curve. Design, quality assurance, and tooling were identified as
very large cost drivers. The needs do not vary much from company to company.
Control is fragmented - integration is lacking; management and control systems
were found to be inadequate.

(3) Task C - System Environment Document (SED), "Integrated Composites
Center Conceptual Design," 31 May 1982, (SED110511000), Volume III,
Part 3, AFWAL-TR-84-4020

This document provides the systems environment for the Integrated
Composites Center (ICC). It consists of IDEF® abd IDEF1 Composite Models of
"AS 1S" system and represents a generic environment of composites airframe
manufacturing in the current aerospace industry. It identifies the
commonalities found in today's environment rather than the idiosyncrosies.
Northrop's, Vought's, General Dynamics' and, to a lesser extent, General
Electric's, Approach to composites manufacturing were studies. IDEFOm 1 and
2 models reflect a compositing or synthesizing of these approaches. The
models were constructed from these studies and validated through IDSS
simulation. These models and the understanding of the "AS IS" compoistes
environment gained in the data collection and modeling process were used to
construct the System Environment Decument.

(4) Task C — State-of-The-Art Document (SAD), “Integrated Composites
Center Conceptual Design, 31 May 1982, (SAD110511000), Volume III,

Part 4, AFWAL-TR-84-8020

This document establishes a point of departure for the design of the "0
BE" Integrated Composites Center by examining the technology of the "AsS IS"
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environment. Ths coalition team analyzed their own current composite
fabrication environment and also visisted the production facilities of other
aerospace factories engaged in the fabrica‘ion and assembly of composites.
Currently available technolcgies were examined to satisfy existing need: and
technological voids were uncovered. These voids were described and
prioritized in terms of cost drivers, performance drivers and human factor
considerations.

(5) Task C - System Requirements Document (SRD), "Integrated Compos_ tes
Center Conceptual Desipn,” 31 Julv 1982, (SRD110511000), Volume III,
Part 5, AFWAL--TR-84-4020

The System Requirements Document (SRD) was the first functional document
of the "TO BE" Integrated Composites Center. It was the initial statement of
validated "needs" for the "TO BE" center expressed in terms of requirements.
These requirements were “needs" with associated parameters. This document
identified the major requirment categc—ies of the "TO BE" ICC which were
traceable back through all of the previously produced documents of the ICC.
The coalition individually analyzed their requirements to improve their
specific composite production system. The resulting information extracted
from these requirements which were generic to the aerospace industry are
reflected in this Systems Requirement Document,

(6) Task E — System Specification Document (SS}, “Integrated Composites
Center Conceptual besign," 30 November 1982, (SS 110511000), Volume
I1I, Part 6, AFWAL-TR-84-4020

This document contains the functional and performance specifications for
the Integrated Composites Center System. It includes the specifications for a
generic ICC as well as specifications tailored to Northrop, Vought and General
Dynamics. The purpose of this documen* is to detail the system requirements
to the maximum extent possible, to assure the reliability and validity of the
requirements and to promcte a bzsic understanding between the user and the
contractor bofore system design begins. These specifications include a
first-cut identification, description and appropriate models of the
subsystems, cells and stations which will comprise the "TO BE" ICC.

(7) Task E — System Design Specification Document (SDS). "Integrated
Composites Center Conceptual Design,”™ 28 February 1982, (SDS110511000),
Volume ITII, Part 7, AFWAL-TR-84-4020

This document addresses how each requirement presented in the System
Specification will be addressed. Eleven cells or systems that encompass the
entire gamut for composite fabrication and subassembly for both the generic
and site specific centers are identified. These eleven cells are further
identified by major Configuration Items and subordinate Configuration Items
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that satisfy each system requirement. These Configuration Items must be fully
developed and exploited to conceptually satisfy system requirements. All
Configuration Items are specifically defined as to their function within the

ICC.

(8) Task E - System Test Plan Strate Document (STP "Integrated
Composites Center Conceptual Design,' 31 August 1983,
(STP110511000), Volume III, Part 8, AFWAL-TR-84-4020

This document contains the System Test Plan Strategy for the Integrated
Composites Center. It is written at the system level. It describes the
concepts, criteria, standards, tools and strategies for testing the system at
the conceptual level. The plan includes the Development, Testing and
Bvaluation (DT&E) of the system, as well as strategies for installation,
checkout and technical demonstrations. It also addresses the validation of
the Users, Operators and Maintenance Manuals. This document also ccntains
three Appendices which describe the System Test Plan Strategies which are
unique to Northrop, Vought and General Dynamics. .

(9) Task E - Development Specification Document (DS), "Integrated
Composites Center Conceptual Design, 30 June 1983, (DS 110511000),
Volume III, Part 9, AFWAL-TR-84-4020

The Development Specification (DS) for the Integrated Composites Center
decomposes specific configuration items requirements to a level sufficient to
enable the evolutionary development of a detail design. It also identifies
interfaces that will be accommodated by the subsequent design of the
configuration item. This specification establishes the performance,
development and test requirements for the hardware which makes up the ICC.

The Development Specification was published as two separate documents. Volume
I describes a generical ICC. This is a conceptual design only, not a precise
framework. Voiume II, Appendices, deals with specific requirements tailored
to Northrop, Vought and General Dynamics.

(10) Task E —~ Implementation Plan Strategy Document (IP) Integrated
Composites Center Conceptual Design, 31 October 1983, (IP 110511000),

Volume III, Part 10, AFWAL-TR-B4-4020

This document contains the conceptualized Implementation Strategy for the
ICC. It describes the concepts, criteria, standards, tools and strategies for
implementing the system. It describes the specific steps which must be taken
to implement this composites tezimology into new or existing production
facilities. This document includes implementation plans for a generic ICC as
well as detailing specific factory implementation plans required by Northrop,
Vought and General Dynamics

4-6
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4.1.3 Task D Approved Life Cycle Documents

(1) Task D ~ Scoping Documant (SD), "Ouality Assurance/Quality Control
Technical Requirements/Tasks,” 28 Jrousry 1982, (SD 110513000),
Volume 1V, Part 1, AFWAL-TR-84-4020

This document states the objectives of Task D, relates the objectives to
specific work statements by defining the hounds of the project tasks and
defines where the project correlates with the ICAM Architecture of
Manufacturing and Design. For Task D the three major objectives are: to
establish an understanding of QA/GC activities required in serospace
production; to establish an ICAM Quality Assurance Hanual that will provide a
standard approach for modeling, snalyzing and improving QA/QC technology in
industry; and to establish a prototype Product Assurance Standard that will
provide product assurance management guidelines in integrated/automated
manufecturing environments.

(2) Task D - Needs Analysis Document (NAD), "Quality Assurance/Quality
Conirol Technical Requirements/Tasks,' 24 June 1882, (NAD110513000),

Volume IV, Part 2, AFWAL-TR~84-4020

This document assesses the "AS IS" manufacturing environmert shortcomings
with respect to the quality assurance/quality control requirements and tasks.
Needs are analyzed in terms of human factors issues and cost/performance

"drivers. The major needs categories are comprised of specific need

descriptions. The categories utilized are: integration of quality assurance,
QA/QC equipment, QA/QC information handling, technical skills, and software
quality assurance. The coalition prioritized the needs overall, as well as
within each category, based on anticipated benefits to be derived from systems
improvements.

(3) Task D - System Environment Docment (SED), “Quality Assurance/
Quality Control Technical Reguirements Tasks,” 31 Aupgust 1982,
{SED110513000), Volume IV, Part 3, AFWAL-TR-84-4020

This document presents the IDEF@ and IDEF1 factory and commosite view
models which describe the Quality Assurance/Quality Contiol activities and
related information in today's aerospace manufacturing environment. These
models provide a broad baseline understanding of "AS IS" QAs/QC functions and
serve as a foundation for developing computer integrated QC systems. The
models were designed to be integrated into the DESB and MFG® architecture,
as appropriate. The information model concentrated in six key quality areas
and added valuable insight and information to the understanding of quality
activity modeling. Twenty-five activity classes and twenty-four key
attributes were identified as a result of this effort.
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{4) Task D ~ Systems Requirements Document (SRD), “Quality
Assurance/Quality Control Technical Requiremants/Tasks," 24
September 19227, (SFD113512000), Volume IV, Part 4, AFWAL-TR-84-4020

This document identifies a series of improvement concepts that address the
integrated factory QA/QC environment. It also provides the system require-~
ments that must be satisfied which will serve as a basis for understanding
what is to be accomplishad if the needs are met and a basis for tracking
future implementing programs.

{5) Task D - Acrchitecture for Product Assurance, "Quality
Assurance/Quality Control Technical Requirements/Tasks," 10 January
1984, (TTD110513000), Volume IV, Part S, AFWAL-TR-84-4020

This document presents the findings of the coalition in providing a
working model whose benefits go beyond aerospace boundaries to establish
applications in virtually every manufacturing situation. It provides 2
technology baseline for assessing and planning modernization and integration
of Product Assurance in today's manufacturing environment. It becomes a
starting point for a manufacturer to assess his current situation and to
determine what steps should be taken to assure quality and productivity
increases throughout the entire manufacturing cycle, from design and
engineering to finished product and field use.

(6) Task D - Product Assurance Program Standard, "Quality
Assurance/Quality Control Technical Requirements/Tasks,™ 18 August
1982, (ISP110513000), VOLUME IV, Part 6, AFWAL-TR-84-4020

This document includes considerations for integrated automated management
and production systems applicable to current and near future manufacturing
environments. Background and other supporting material, including approach
and survey results, are also presented. Three paths were explored to help
define the requirements for this standard. First, an in-depth review of
applicable military, government, and industry QA/QC publications was made.
Second, the Understand the Problem document was referenced for usable elements
of standards ramifications. Finmlly, the coalition solicited feedback from
government and industrial sources on current and anticipated future
requirements. Together, this data comprised the information for this document.

4.2 Displays

An ICA¥ Industry Day display booth was designed as part of the ICAM )
Conceptual Design for Computer Integrated Manufacturing project. The design
was reviewed by the Air Force PMO and revised in accordance with their
comments. This display was finalized and set-up at the Sixth Annual ICAM
Industry Days held 17-20 January 1983 at the Marriott New Orleans Hotel in New
Orleans, Louisiana. This display has been used at the following locations:
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MTAC, Orlando, Florida

Boelng Military airecreft Compuny, Wichita, Kansas

‘Headquarters Aeronautical Systems Division, Wright-Patterson AFB, Ohio
Texas A&M University, Collegs Station, Texas

End-of -Contract debriefing, Dallas, Texas

LTV Aerospace and Defense Company, Dallas, Texas

o0 0000

Photographs of the display are shown in Volume V, Appendix F of the Final
Technical Report.

4.3 Ordering Approved Life Cycle Document

Use the Request Order ¥orms at the end of this volume to request copies of
the Approved Life Cycle Documents. Send requests to:

ICAM Program Library
AFWAL/HMLTC
Wright-Patterson AFB, Ohio 45433

The Final Technical Report, AFWAL-TR-84-4020, can also be requested from
the Defense Technical Information Center (DTIC). Send requests to:

DTIC

DDR-1 )
Cameron Station
Alexandria, VA 22314
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APPENDIX A
FACTORY OF THE FUTURE CONCEPTUAL FRAMEWORK REVIEW

Ambassador Room
Daytonian Hilton
Dayton, Ohio
4-5 May 1983

This appendix contains the results of a Factory of the Future Conceptual
_ Framework Review of Project 1105 conducted by a "Super Coalition" of noted
) : manufacturing and computer experts conducted at Dayton, Ohio, 4-5 May 1983.

s ' This appendix was originally published as psrt of Interim Technical
s Report, ITR110510007U, dated 15 July 1983, Because ITR110510007V will not be

published further for general distributicn and the importance of the review,
it is repeated here for the convience of the reader.
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3.0 _TASKE B REVIEW MEETING FACTORY OF THE FUTURE

3.1 Agxenda
AGENDA
FACTORY OF THE FUTURE. CONCEPTUAL
REVIEW
AMBASSADOR ROOM
DAYTONIAN HILICON
DAYTON, OHIOQ
OBJECTIVES:

FRAMEWORK'

1. Provide & summary of Task B to establish the basis for analysis

of these results by the review team.

2. Based upon the review and received documentation, have the review teanm
assess task results, and identify: areas of agreement, areas of
concern and, if required, additional areas for consideration.

3., Have each review team provide & written report on their position by 20
May 1983. This report should emphasize suggestions for improving the
concepts being developed by the Task B coalition.

Wednesday, May 4, 1983

8:30AM Welcome and Introductions

8:45AH Project 1105 Ovarv: w
and FOF Conceptugl Frame-
work Scope

9:25AH FOF Conceptual Framework
Needs Anelysis

10:10AK Break

10:25AM FOF Conceptual Framework
Requirements

11:20AM POF Conceptual Framework

State-of-the-Art Investigation

12:00NOON Lunch Break

Capt. R. R. Preston
ICAM PMO

D. L. Norwood
Vought Corporation

A. W. Snodgrass
D. Appleton Co., Inc.

R. L. Moraski
Vought Corporation

R. L. Diesslin
IIT Research
Institute



AGENDA

FOF Coalition Meeting

4-5 May 1933
Fage 2

Wednesday, May 4, 1983 (continued)

1:00PM

2:15pPM
2:30PM

5:00PM

Working session to provide

the Review Team the opportunity
to discuss Taesk B and formulate
sugges-ions for improvement.
This session will concentrate
on the requirements for the
Factory of the Future.

Break
Working session continued

Adjournment

Thursday, May 5, 1983

8:30AM

10:30AM

10:45PY

12:00Noon

1:00PM

2:COPM

Open discussion on the
Conceptusl Framework
for the FOF

Brezk

Review of the working
session based upon

the open discussion inputs
and further reflection.

Lunch Break

Recommendations for next
meeting

Adjournment

FTR110510000U
29 June 15684

K. Buffum

J. Harrington
J. Lardner

W. Skinner

R. Spears

All attendees

Review Team

R. L. Moraski
Vought Corporaticn



~'3.2 Attendance List’

NAME

ATTENDANCE LIST

1105\1Qdustry Review Meeting
Daytonian Hilton, Dayton, Ohio
4-5 May 1983

COMPANY & RBRUSINESS MAIL STOP/
MATLING ADDRESS SYMBOL
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TELEPHONE

Rick Preston
ICAM Project Mgr

Harvey Buffum

Don L. Norwood
Dick Spears

A. Wayne Snodgrass
Vice-President

DACOM

Laurence 0. Ward
Northrop Corp.

Ken Lillie
Program Manager

Carol Born
Industry Fellow

Gerald Shumaker
Tech Area Manager

James F. Lardner

Deere & Co.

Gary Haug
ICAM PMO

AFWAL/MLIC
WPAFB, OH 45324

H. E. Buffum Co.
5439 So. Hudson
Seattle, WA 98118

Vought Corp.
Boeing Computer Services

D. Appleton Co., Inc.
1104 Highland Avenue
Manhatten Beech, CA 90260

Northrop Corp.
One Northrop Ave.
Hawthorne, CA

AFVAL/MLIC
WPAFB, OH 45433

AFWAL/MLTC
WPAFB, OH 45433

AFWAL/MLTC
WPAFB, OH 45433

Deere & Co.
John Deere Roed
Moline, IL 61265

AFWAL/MLIC
WPAFB

513/255-7371

725-5040
293-6227

214/266-5549
316/526-2612

213/318-2451

213/970-5667

513/255-6976
513/255-6976

513/255-6976

309/752-5%988

513/255-6976
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COMPANY & BUSINESS
MAILING ADDKESS
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TELEPHONE

Rich Diesslin
IITRI

Joseph Harrington, Jr.
Arthur D. Little, Inc.

Ken Mehlhope
Cincinnati Milacron

Wickham Skinner

10 W 35the Street
Chizago, IL

Acorn Perk
Cambridge, Mass J2140

h70i Marburg Ave.
Cincinneti, OH 45209
APHML WPAFB, CH

Box 282 B
St. George, ME 04857

A-3

312/567-4000
617/864-4770
x5431

5137255-6976

207/372-6219
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Attachment (A)

PROJECT PRIORITY 1105

F.0.F. INDUSTRY REVIEW

DAYTONIAN HILION, DAYTON, OHIO

0

Priority 1105, Task B Factory of

4 to 05 May, 1683

The Project
the Future Industry Review was held at the

.Daytonian Hilton from 94 to 05 May, 1583. Attendees at this meeting were, as

follows:

Coalition Members:

Mr. D. Norwood, Vought Corp.

Mr. R. Moraski, Vought Corp.

Mr. P. Neal, Vought Corp.

Ms. B. Davis, D. Appleton Co. .
Mr. W. Snodgrass, D. Appleton Co.
Mr. L. Ward, Northrop

Mr. R. Diesslin, IITRI

Panel of Experts:

Dr. J. Harrington, Consultant

Mr. H. Buffum, Consultaat

Dr. W. Skinner, Harvard Business School
Mr. J. Lardner, John Deere & Ca.

Mr. R. Spears, Boeing Computer Services

CAM PMO
Capt. Richard Preston
Mr. K. Lillie
Mr. J. Schumaker
Mr. K. Mehlhope
Mg. C. Born
Mr. G. Haug

The meeting was cénvened by Capt. Richard Prestcn, Project Leader, U.S.

Air Force ICAM Program Office.
meeting, particularly the indust
representatives of the executive
provide input to the Factory of
address factory management from

Don Norwood, Program Manage
objectives and approach of the e

Capt. Preston welcomed the paerticipants of the
ry experts who had been invited as

management level of industry and who would
the Future Project whose approach is to

the executive level to the center level.

r, presented an executiv: summary of the
ntire 1105 Project. His presentation was

followed by more detailed reviews of the documentation which was being

assessed at this meeting. Speci
Analysis document; R. Moraski re
Richard Diesslin reviewed the St

The remainder of the day wa
panel of experts to express thei

fically, A. Wayne Snodgrass reviewed the Needs
viewed the System Requirements Document; and
ate- of-the-Art Document.

s an open forum discussion which allowed the
r thoughts regarding the work which hed been

performed to date and their recommendations regarding future direction of the

program.
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These discussions were continued during the following day's session.

Both Air Force pmcticipants and coslition members were given the opportunity
to share their obszecvations and concerns.

The following meeting minutes represent pertinent comments which were

made during the meeting. In order to facilitate their readability, these
comments heve been categorized, es follows: .

- Program approach

- Documentation: Genersal Comments

- Documentation: Specific Comments

- Documentation: Future Recommendations.

Marketing the Technology

It was generally concluded by both the panel and Air Force that a very

credible piece of work hed been achieved by the coalition members and that
future work 3hould focus on a strategy to market the program's achievements.

Program Approach

The project is to develop a credible model of a major set of integreted
systems that can design and manufacture products more accurately and at a
reduced cost. The approach should be from a systems basis, i.e., say
what you want to see. Also, the system should be designed to handle data
from design conception to logistics. Lastly, define the environment in
which that system can operate (Jim Lardner)

Many decisions to invest in technology are being made or are not being
made for financial reasons. The internal reward systems are not
responsive to long-term risk taking. In addition, people don't work
necessarily for the compeny for six years. Younger people tend to move
on. We, therefore, must address ourselves to internsl management systems
(Wickham Skinner). :

Plan is referenced with bottoms up implementation. Bottoms up method of
systems development will not work and cannot be tolerated. Must have an
overall plan (Hervey Buffum).

"Top down/Bottoms up"” means macro to micro. Each micro change must fit
into a macro plan. Macro implementation, however, will produce total
chaos. One cannot macro implement. Must change a large thing bit by
bit. The inertia of invested capital is tremendous so you change a piece
of it at a time. Must respect the science of manufacturiang (Joe
Harrington).
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There are three kinds of decision msking in an organization:

(a) structured, i.e., feeds end speeds whare there is a real
application for the computer.

(b) semi-structured, i.e., trends etc., where the application
of the computer may be holpful.

(c) un-structured, where the computer can't help st 2l1l.
The system should speak to structured decisionz (Jim Lardner).

Information flow will be the key. IRM will work. It is the future

environment. Systems should be built to support ~rogram management (Dick

Spears) .

The goals of the needs, such as reduced cost, improved qusality, customer
services, flexibility, and human resource management are not necessarily
met by super integration. Need some good old-fashioned execution.
That's what the Japanese do. The use of computers and integration

results in complexity. Thrust is towards massive and total systems. Not

certain this is correct. What is its purpose? Is the pro.ct’s purpose
educational? If so, what else is necessary? How do you tesch these
concnpts to a culture of managers and technical people? (Wickham

Skinneds).

Documentation: General Comments

The System Requirements Document is more realistic than any other ICAM
documentation depicting what the aerospace industry really thinks and

understands. The Documents have depicted the aerospace industry problems

(Rarry Buffum).

Brilliant piece of work., So complete it represents a checklist and logic

as to how to look at factory and factory systems. NAD is terrific,
however, some misgivings whether the documentation can be used for
meeting its intended need. The process of nelping industry in this
country realize the factory of the future goes a lot further than the

best schemes, and best models, checklists, and analyses (Wickham Skinner).

A commendable job. Much work and good solid thinking (Joe Harrington).

Good documents. Impressed with approach, especially in the IRM area
(Dick Spears).
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Needs analysis doccument is well done. Good, programmatic view in that a
need squated to a deficiency or void. 1In Systems Requirements Document,
coalition has done s good job of identifying the systems requirements,
but should sort cut end prioritize the requirements (Jim Lardner).

Life cycle documents have given structure to the program. They

communicate the projects accomplishments to other enterprises (Capt.
Richard Preston).

Documentation: Specific Comments

Needs Analygig Dogcument

Ruman Integretion, i.e., getting humans to work with the computer is not
mentioned in the NAD (Joe Harrington).

Systems Requirement Document

L)

System Requirements Document is too large to be considered en effective
sales tool. Thare is a need to identify benefits and cost savings (Ken
HMehlhope).

Too much philosophy in the System Requirements Document. Must pull
requirements out of the philosophy, such that the requirements are
clarified (Capt. Richard Prestoa).

System Requirements Document needs to eddress in much greater detail, the
configuration management which has in the past been a most disastrous
failure in building wospon systems. Industry must know the exact
configuration of each airplane over its life of 20 years and is faced
with finding a method of keeping data containing many system and

configuretion changes. Configuration Management must be & key part of
top down planning. The configuration control thread is not apparent in
the SRD and needs to be addressed more thoroughly (Harvey Buffum).

Management and political issues should be addressed more strongly since
computers are used for political reasons (50%), logical reasons (25%),
and data moving (25%) (Dick Spears).

System Requirements Document has done a good job in identifying the
requirements, but these requirements must be sorted out. Some of the
requirements are more of a management problem as opposed to a systems
problem. Others will be critical to an information resource management
structure which can operate a "Factory of the Future" (Jim Lardner).
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The word factory is en abused term. Should use the work enterprise when
talking about the entire organization (Joe Harrinmgton).

System Requirements Document reflects independence from one another.

It's & quick compilstion of group results.The Product Assursance section
doesn't tune into the designing in of quality, but rather focuses on
gquality processes in the manufacturing operation. Quality Assurance must
have & front end invested effort {(i.e., procedures, configuration
management). Must bs included in definition planning and design phases.
The Factory of the Future planning must recognize that QA fits in upfroat
(Capt. Richard Precston).

Design and msnufecturing must work together, but maintain independence as
to responsibility so that decisions are not forced to one managers
viewpoint (group discussion).

Sort out real system requirements which are going to be essential to data
flows that manage the derivation and integration of data into
information. Dats end information are not the same thing. Systems use
data to provide information (Jim Larder).

State-of-the-Art Document

Disappointed with the SOA as presented and prepared. There are many

managerial issues which must be eddressed. One such example iz the necessity
of a new approach to financial management or ROI (Jim Lardner).

The life cycle of manufacturing process and software process are in

parallel. The secret is in the building of data bases (Spears).

Documentation: Future Recommendations

General

You need simple exemples, some numbers, some data, economics, and case
histories. Utilize graphics to show what is better; how would you know;
what is iategrution (Wickham Skinner)

Need color brochure or a'pood sellable package to convince the champions
(Ken Lillie) :

System Specification

o

Within each company there will exist different data and different
systems. Use an example which depicts current Systems and the
relationship of dats. Show the transition from one company's present
condition to the factory of the future in 1995 (Harvey Buffum).
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We’'re looking for a credible model or a major set of generic strategy.
Should simplify. 7TIrying to say too much. Should suggest a particular
organizational structure. The old organization structure is based on
limitation of information. Should rethink the organizational s&tructure
(Wickham Skinner).

Pull out requirements and categorize requirements because not all the
requirements can Ce addressed by systems (Jim Lardner). Categories are
as follows:

(1) Requirements wihich can be sddressed by SOA technology systens,
manipulation or resolution of an information problem

(2) Requirements which must be addressed by a change in management
(3) Requirements for which we need to do more research

(4) Requirements for which technology does not yet exist (Jim
Lardner)

Implementation Strategy Report

Le]

The report should be a dissertation om how to transmit & credible image
to potential users (Joe Harrington).

Need to examples, such as "here’s . way to do it or to think about it",
An executive summary sort of thing (Wickham Skinner).

There's a need to lay out some type of scenario that will fit within the
implementation strategy. We need an example company from which we can
reflect how business is accomplished and how company will be able to
build frture operations using what's been developed on this program
(Capt. Richard Preston). :

Identify how a compsny operates from a systems viewpoint. A scenario
case Apply developments from this project to that scenario case and build
upon it (Harvey Buffum).

Possibly expand Ingersoll Case study.

We need a mecro view of what’'s goirg to be different between today's
operations and future operations. Key in on those major areas of

change. Develop scenarios to discuss differences. Look et successful
implementors of change. Define what are the implementation steps. Make
clear assessment of these enterprises (books could be helpful). Look at
companies who have moved the farthest. Look at the organizational
changes. What was the role of top management. What role did CEO have in
addressing resistance to organizational change. Also, look at failures
to see what were the causes {(Carol Born).
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We need something to promote the results of this project which will
motivate readers.

Inplemontltioh strategy chould contain signposts or definite goals to be
achieved each year (Ken Lillie).

Define mechanism of technological evolution (Wickham Skinner).

Implementation ought tc be carried out in a novel menner. We'll be
breaking down new ground (Joe Harciugton).

Marketing the Technology

Present State-of-the-Art Technology may be a resl handicap., Islands of
technology are availsble, but the integration technology to put it all
together is not available. A possible cause of this technology void may
be the lack cf demend for integration technology. Simply, the management
market is not ready. Therefore, the technology hasn't been developed
(Wickham Skinner et al).

There's a marketing job to convince management that you must do it (Jim
Lardner).

There's a critical need to sell what we have now (Harvey Buffum).

If we are to meet Factory of Future objectives, IRM will demand senior
management attention.

Advantages of new technology are not in old-fashion productivity or cost
savings. New technology will be adapted for flexibility so that more
engineering changes can be made, more models, and more customer specials
with shorter lead times. To focus on productivity in a broad sense may
be counter-productive. Too hipped on productivity. "Competitivity” may
be a better term. In other words, we should stress competitiveness
(Wickham Skinner).

CEO needs to understand the strategic issues and the competitiveness, not
the technology (Jim Lardner).

Managers don't always know what information they need or how to use it.
There is a tremendous job of educating the msanager, especially since
there's been a lack of management involvement in the process (Jim
Lardner).
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o There's a significent problem in getting manufacturing management people
to understand the problem and the needs. This lack of understanding will
not be resolved by bringing these managers to a conference because
directors will not ask questicns in front of their staff, as they will
not went to expose their lack of background. The selling job must be
done on a one to one basis. It will remain difficult to communicate with
directors until this is accomplished. We must also reach their technical
advisors, i.e., manufacturing management (Harvey Buffum).

o The one on one approach is insightful. Do we change pecple through
documentation, models, or derductive thinking? People will have to
develop the concepts themselves (Wickham Skinner).

o If you wish to sell Computer Integrated Manufacturing to Industrial
People, the ultimate transmission of information and conviction of a
buyer is done on a one to one basis. Make 500 slides and call out a set
of slides which fit customer needs, i.e., tailor the slide show %o the
individual. 1In such a wey, we can attempt to transfer a full blown
concept of a credible vision of what the factory in 1995 will be to the
user (Buffum/Karrcington}.

o How can we get people to listen to us? How do we transfer technology?
10% -~ creators of software, leaders and inventors of new technology
20% - early adapters, gamblers, if it looks good
30% - late adapters, if it works completely, will buy it off the shelf
40% - reluctant dragons who will adopt only 23 an answer to bankruotcy
It seems probgchle that it is the 20% early adapters which the coalition
wishes to reach. We need tc reach the Director of Operations or the Vice
Presidents of Operations who will really control where those companies go
and who are technical advisors to the Chief Executive Officers. We need

a champion in the company to make it fly (Joe Harrington).

3.4 Comments, James F. Lardner, VP Deere & Company

This gection contains the letter written by James Lardaner to the 1105
coaltion concerning the meeting in Dayton, Ohio, on the 4-5 May 1983.
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" JAMES § LARDNER : y\

Vice Prescdent | Covetinutmian)

3 June 1983

Mr. Don L. Norwood
Vought Corp.

P. O. Box 225907
Dallas, TX 75265

Dear Don:

I am sorry that I have not responded to your request for comment earlier.
After our meeting in Dayton on 4-5 May I had intended to get this letter
off immediately. Obviously other things interferred which prevented that.

In thinking over the things that I believe need to be consiuered as you refine
your Systems Requirement Document, there are three areas that come to
mind, The first is that to achieve Computer Integrated Manufacturing and
the Factory of the Future we absolutely must address the data management
problem, [ think thatin general your coalition Lhas done a good job of
identifying the majority of the elements involved in this problem., I do

not think, however, that the problem itselfis atated clearly enough for
those who are not closely involved to understand what it is that all of the
gystems effort is expected to accomplish. I am thinking particularly of
senior manufacturing executives, corporate officers, government decision
makers, and so on.

While your diagram entitled, Factory Of The Future Framework, used
throughout your presentation to illustrate Needs, is an excellent start

I think it couid stand considerable refinement to distinguish more clearly
between the data management problem and the specific use of data to
manage and control the transformation operations. An NC program is
basically a highly distilled data set derived from a much larger, broader
set or sets, most of which also serve many other needs. It is managing

the process of creating, transforming, deriving, interpreting, transmitting,
refining and distilling data that is going to be the key to integration. I

think more work needs to be done in this area.

The second point of concern ig the unevenness of problem identification,
statement of functional needs and system requirements. A large portion

of this is- very well done but there is an important lack of specifics in many
areas. I recognize that at this stage of the project there is still a great

deal to be defined, but a number of objectives listed as systems requirements

A-14

BRI LA o tR Y o L -



_ FTR110510000V
DEERE & COMPANY 29 June 1984

Page #2
Don L., Norwood
3 June 1983

are far mqre manag.mrent dependent than system dependent. There are
also some objectives Liated under system requirements for which
ingufficient techniczal knowledge is available to satisfy themn. Sooner or
later thig fact will have to be recognized where it affects systems design.

" My third concern, under functional needs and systems requirements, is

that I am not sure thatall of the functional needs that are listed represent
the '"to be'' situation. In our experience at John Deere we have found that
establishing needs on the basis of what people are doing today is 2 poor way
to approach the problem. Where we have been successful is where we have
determined: First—what is it people are trying to do:; Second—should they
really be trying to da that or should they be doing something else? Third—
once it has been determined what people should be doing, it is necegsary

to establish the best way to get it done. We are so bound by the world

" around us that it is often difficult to recognize the problems we are

P LT

solving should never have existed to begin with. This suggests that the
Manufacturing Architecture (which most people agree is generic) is the
proper basis for your approach to the Fac* -y of the Future to make sure
you aren't solving problems that manufacturing organizations have
invented and which are not really part of Manufacturing.

My final concern ie the increasing evidence, in all parts of the ICAM
program, that knowledge gained from the research done in other projects
is not being applied suificiently i associated or derivative projects. I
cannot emphasgize too strongly that the PDDI project is a critical element
in the entire problem of data manipulation for manufacturing and it
deserves your earnest attention.

I hope these comments will be of some help. I will be glad to discuss any
of them with you if you feel that would be worthwhile.

Yours truly,

J¥L:pb
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3.5 Comments, Wickham Skinner, Harvard Business School

This section contains the letter of corments written by Wickham Skinner
tc the 1105 coalition. Mr. Skinner attended a briefing of the 1105 project on
4-5 May 1983.
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Yay 20, 1983

Mr., Robert Moraski
FOF Project Manager
Vouzht Corporation
P. 0. Box 225907

Dallas, Teras 75265

Dez2y¢ [ob,

I enclose comments und suggestions concerning "Task B:
Establfisiment of the Fuctory of the Future Conceptual Frameuork,”

This report i{s submitted with great respect for the massive and
thouzhtful efforts invested by you and your colleagues in this
eh1llenzing project, Since my assignment, howevar, wis to '"<mphasize
suggestions for Improving'” this document, 1 have allotted more space
to such sugzestions and ideas than to compliments, wmuch a3 they are
deserved,

Please call or vrite Lf you have questions,

Yours very tyguly:

\ CWH—\ '

Wickhan Skinner
Ws/stl

Enclosures
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g,

COMENTS ~ND SUCSISTICHS COMNCERNING “TASK B: ESTVOLIS'™ENT

OF TiE FACTORY OF THE FUTURE CQICZIPTIUNL FRAMEWCORIC’

SUMMARY

The "Task B" document is 2 remarkable achlevement. It is 4n
eatraordinary collection which lists the tasks {nvolved in rmanu-
facturlng ard verbally and pictorially dlagrams their multitude of

- interconnections, intewal dependencies, and lojfcal relationshiyps,

As such £t appears to be an extraordinarily complnte faxonomy and,
based upon its clearly ambitious objectives 2s to zompleteness and
realism, {t cannot be considered anything but aa outstanding
success,

In particialar the document makes a superb and indeed unicue
contribution toward a new understanling of the factory 1s & data
processIng system rather than 2s an essentially phrslcal operation
which transforms materials Into products. In this sense, the
document's key contribution to the "factory of the future" 1s thst
one powerful idea,

The idea is of key importance: {£ managers and enjincers sra
to take advantage of newly avallable tecunology and conceive,
build, and successfully operate radically new factories which out-
perform the factory of today, they must clhange the present mind
set, 7The present mind set, established two hundred years azo by
new sources of power and mechanical machinery in the Industrlal
revolution and reinforced by Frederick Taylor and generatlons of
cost consclous managars, concelves of the factory as a “produc-
tivity maciine"” for transforming materfals into products, itk
this premise the fuctory {s planned for minimun direct production
costs and governed by the principles of iadustrial eniineering and
concepts of "efficiency."”

It is this seductive and habitual pattern of thinking wkich
1s not only dircctly causing problens today1 but holding btack
progress in practical Innovation leading to radical cuanges needed
for a "factory of the future." When the factory is perceived by

1, Today's problems include poor quality, high overhead and {ndirect
costs, work force management tencions and conflicts, lengthy lead
times, excessive inventories, shortages of skilled workers, the

unattractivencss of the factory to outstanding young people, and

the generally low esteem of the working population for the factory

as an institutfon in which to invest one's carcer,
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Investors and managers as s supertly desisned and coordinated data
processing operation to be used as a1 strateylc competitive resource
it will Le designed, equipped and managed altogether differently
thaa Iin the past. This Task B document wmcy help many readers to
shilft thelr thinking In that direction and to the extent that tihat
takes place it can Le considered a success,

That issue of the extent of Its Impact 13 a serious onc and
it is the issue to wilch rnuch of this report is now addressed. For
I have considerable doubts that the Task B document as presently
constituted will have nearly the influence or results that you,
its authegrs, the M r Force, snd vour reviewers hope 1t will acihileve,
My reasons for these concerns will be detailed in the pages walch
follow. In summary;, they have much to do with presentation and
inplementation strategy.,

Tlie presentation is ea .-ntlally flawed by "overkill" - an
cxcessive effort to be complete and exhaustive; it conveys an
ovcrpowerins sense of bheing the product of bellavers and entlu-
silasts talking to cic other., The implementation strateygy wilch
is not only set forth explicity in that section but, equally

amportant, is buried lmpiicltly throughnout the entire document,
seems to rely much more on the ldezoleg, of some inevitatly great
tenefits of computer-integrated manufucturing than on any sober,
rcailstic, appraisals Lacked by ecomnomic or case data setting forth
not only costs and btenefits but the absolutely enormous problems
and risks facing corporations and managerial careers as wc grope
our way toward a futurc factory wnich can be a =more successful
institution,

Is thls a fixable set of problems? I “elieve much can still
be done and my sugzestions are directed toward this purpose aud
intended to be as constructive as possible, Can your present
coalition do the fl:iing? iere I am more pessimisti:z, Not only
is it hard for duthors to edit a major shift in tone and content
{nto their own havd worked product, but I bheileve you will need
some new resources - some strong, hard-nosed skeptics arc needed
to change the tone to a more balanced, reuallstic, nuts and bolts
and facts and figures content. Your preseuat group represent too
much the optimistic believers, shakers and movers, the n=ar religion
of CaD/CAM/CI and total {integration. Thls chanzeover would be a
big job; it comes late in the game, and you may well declde not to
mike that additional investment in spite of this advice and 5o wlith
what you have,
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I1. PROBLEMS, CAMENTS .4ND SUGCGLSTIONS

&, PRESENTATION

1-

It's too wuch, too biZ, too thick, too complex. It is a
catchall, totally overpowering, in an attempt to be conpiete
and thorouyh and logical,

It comes across as 4 comnittee effort in which every member's
centritutions have had to be respectfully honored., I believe
the length and volume could te cut by 50%.

2, The tone is too dreamy and idealistfic. It {s one of

believers writing to believers, It is a rhapsody of gypsy
violins lilting into the twilight; it makes assumption upon
assumption ahout the magical benefits of all thut {s proposec
but offcrs few evxamples or even clear facts as to these
advantages,

3. The presentation £sils to cite many specific probleas in

4,

5:

6l

debugzing, start-ups, Iintegration, ccsts, investments,
breek~-even levels, and flexibility for chanjes in volume,

The report is logical and complete to the point of tecoming
an academically pure exercise of its own., In this sense it
does becomc a cleanly compartmentalized thing of Intemal
logic and baauty. 3But to the heatlien, the skeptic, agnostic
or disbeliever it way come across ias & collection of wish
lists.

.The report lacks clear "how to do it" statements which could

become tridges to Llts actual use,

Lhat, indeed, 1s the potemtial user to do with this document?
Is it for the CEQO? No. Too long. The manufacturing v??

No = still too long and verbose, The cadre of plant managers
and production wanigers? Haybe, but they 2re apt to be
cautious, sliort ranged {n thé¢ir outlook and frequently sar-
castic about such proposals. Staff engineers and planners?
Probably they will be the main readers. But many of them

are often already sold on more automation and are quite
frustrated; like many of the Task B coalition autihors. They
need amnunition and concrete persuasive date, not taxonomies
and logical maps of the interconnectedness of 211 factory
data, They are "out" of the miinstream but to zet "in", they,
too, need more practical, down-to-earth advice. Professors?
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Yes, sure, rany will love to read this, The conceptus!
neatness is & thing of beauty, It will attract mony acacdenlcs
(and heaven “elp us alll). 33 the iudlence and the ugser i3

4 problenm and this needs new attention 4nd a deelsion, Jfter
“which th: report could be re-editad with & partfculir
audience in nind,

7. One possibtiy useful approach would be to view the doturent
a3 a tedcuing device and review {t compleotely fron first
o to last with that purpese ln aind,

8. What tle documcnt is and is rot: W!'at the document 1s {5 @
marvelously und fngenlously concelved set of concepts atout
factories. The concepts i{n fact «ould te as true of a
factory In 1683 as In 1982 or the factory of the future.
Uhat the document is not is a road =ap or instruction
manual as to 0w to get tuere from here, how to brin: bout
change, how ta convince the skeptics, now to 3jaln strate;ic
advantaze from new tectnology.

9, The document s 4 forecast of a certrin jroup's notlons of
how a factory of the future =mizht te conceived and intejrated
T and operatcus 3s a system. I am quite certain, lowever, thal
; another uyroup, zlven tlhe same assignment, could sad woulcd
come up with a quite different forecast of valld and usceful
concepts for 3 future, radically changed faztovy. Vhy is
this so7 It §s because there Is no one ultiaite cdesizn for
a factory - even & very jcnevic 4nd tasic on2 ~ any rore than
for an airplane or boat or model city., Mewtsn thought e
tad one for physics,

10. Tuis {s luportant for It sugzests that tac process of
deriving such & conceptual scheme {s as or more important
than the end product, You and your team have been through
this process and it has undoubtedly been a tremcndous
learning experience,

But plcturc now another team or a group of corporate
executives, say from TRW or Bendix ov Borz-Wwarner. They

are given your product, Not having participated in tle
process, your product wmeians little to them at first, But

to use {t is a Zeductive process, In cognltive language,
whereas {nventing {t was in {nductlive process., The concepts
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ue develop inductively from our own experience have much rore
meaning to us than those hand-dalivered,fully formed concept:
developed Ly others,

A1l this sugzests that the presentation might he morz
effective L{f it could take the reader through the proucess

the team went through, rather than dellverins {t all cor-
pletéd in a finalized, polishec form, which invites distellef,
resistance, and the not-invented-here phenomenon,

Conceptuall, and practically, the cozlition {s on tain f{c2

and 1. my oplaion Is probably serlousl,; In error to so con-
sistently Jdirectly state and constantly infer the necessity

of a tizht, closed-loup Intezration of data handling and
processing In the future factory, A different foreccast =might
anticipuate wany closed-loop systems with more human intcrfaces.
This prediction is supported by the following

- major, cven disastrous problems in starting up and
operating (even after thrze or four ycars) complex,
larie, closed-loop L{aformation systems in U,S,
{ndustry. '

= the dircection and pace of factory automation to date,

- the problems Involved with cven modestly sicerd "islands
of catomation”

- the lialts of the computer in maing jud;ments 1s
compiared to their pouer and efflciency in searching
and computation,

o further concern I[n predictin; and recommending such a high
degree of integration Is that of frightening or turninyg off

potential early adaptors by maxing the {nvestments and risks
appear (to practiced decisionemnkars) very hizi.

The experiences of the Japancse, Germuans, “ustrians and
Frenclhi support a more cvolutionary, gradual, and modest
approach to factory automation than that which seems to be
advocated in this document, o {ts presentation, therefore,
I wondar whether you might Introduce some of this evidence

43 a wiry to vecassure your readers that step by step evolution

is sensible and may lead to wmore progress and steadler progress
than glant leaps,
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14, Similarly th: veport wou'd be soberad and made more plausible
- - by introductin, many nore exsmples of tne dJpproaches taken
here and dbradd eond tle, postitive 3nd negdtive lessons so
learned (o t%e proccss.’

B. DMPLEMENTATION

1. Throughout the document it is {mplied that the fuctory »f
the future is ¢ wind of entit; that would nave very siailar
characterlstics for companies .\, B, 4nd C ia tle same
frdustry., This caonot be correct,for edacr compin, will
have {t3 own unljuec competitive position and strategy foo
competitive success, Factory o, %0 be « competitive assert
for Company .i will have to be purticularly capable of °
certain perforuance criterla which will differ from [ and
c.

This tnfercnce of samencss crecates kind of a wever-nover
land for tlie luplewentor wiv nceds to R\ave expluinzd hou
s/he can meet the neads of their owt unlijue situation,
This is protably not hard to fi: {n the report but it
necds fixing.

2, The faoplecentstion strategy secms weik ia thn follovin,
resp=cts

- ft lucks exawples and case histories

- it lacks ocouomic data

-~ it never apswers company concerns dbout how to afford
massive investments in new, fl:od costs

- 1t does uot Jdedl with the new and radically chinged
¢ost mix to h2 expacted in the new fdctory

- - 4t dous not deal explicitly (l.c, with jood exdamples
and rrassarances) with the business and career risks

the new technolojy scenms to offer
- Lt Laplics single solutlons o complex questicns sueh
/ as how to organize the future factory
~ it lacks depth in {mplementation for it stops in many
places 4t offering mere check lists

1. Sec appendix & - Some Preliminavy Findinzs from the autlor's
reseavrcih on the lulvoduction of new manufacturing technology
in the U.S.t. .
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T wonder uwhether [t misht be possihle to poartray scveral
scenarlos as feasible models for moving toward the future
factory based on recent corpany bistories., In oticr
words, there {s research data availabie and sftuations
which conld now bte researched wialc™ vould besin to offor
your redders some advice 35 to both »efalls and succesiful
new neanufact.oring fucilities,

In particular such case historles would include

- where, who and how tae project Jot started

- the conceptual desizn for what ti.e; started out to ‘lo

- how the pynject was managed

- how tie cupltal appropriation was descirbed and presantod
to top weén.gcuent

- tle rolc of top management

- action und results

The report Is weaker tiian neccessary La relatiag {mplcoen-
tation aud results to the reeds wncl sis, (The unceds
analysis, incildentally, 1s very well Jdone. It ceprescats
4 wodl strength of this work,) lere s 4 tij opun loop
which cu:ld be closed by dewounstratirg just how the £ ilure
factory mijht address present nceds and fulldouns,

as the group discussed in Dayton, whut {s needed Is a short
statement focusing on "what's really Jdifferent" about tre
future factory., In this long Jnd couplex and overloaded
document, the reader can never get Lun one place what {s to
be diffcrent In costs, balance sheet, performance, flexi-
bility, service levels, and life in the work force,

Tre Human Resource management section is ok as far as {t
goes, and, In f4ct, {t 1s good. But it could be more
explicit und draw on the literature of work restructuring
so as to offer more concerning the prubable iImpact of the
future fuctary on job content, skills, the WL, the
experiencing of future factory life, changes Iin the jJob
of the supcrvisor, plant manager, labor rclations, and
persounel offlcers. (fee .ppendix a,)
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WICEHAM SXINNER
D08 STRAWBERRY HILL ROAD
CONCORD, MABSACHAUSETTS Oi74a

8. I expect the major advantages of the new fiactorles to te
strateglc ones, allcwing companies to move faster in new
products, offcr 4 grester veriet; of short runs and customer
spectals, rnore consistently outstinding quality, ind more
vapld delivecy, Tuils las touched on In seversi places ‘ut
i{s never made the outstanding emphati:c point {t shouid be,
Ia fact, tucre ¢an be no operatlonal reasons sufficlent to
Justify the enormous {nvestment ond tisks in the futuce
highly meihanlred factory, The nsdyoffs =ust be {n stratcjic

leverage,
' . Respectlully submitted, ‘
- D'
‘\\\/A\V \(;12,9\0\4-\ iii)\<;fv’V“‘2*~—\
' Wickhaa Skianer |
wS/stl

1. dppendix B Is a working paper later pudblished {n the Journal of
Business Stratej s Vol, 3, No. &4, wiilch focuses on the stratezic
advantages of the new manufacturing tecunoloyy.
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3.6 Comments, Dr. Joseph Hacrington, Jr., Arthur D. Little, Inc.

This section contains the letter of comments written by Dr. Joseph
Harcington, Je., concsrning the briefing of project 1105 in Dayton, Ohio, on
4-5 May 1983
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ESTARLISHMENT OF THE FACTORY OF THE FUTURE FRAMEWORK

Comments of Josegh Harrinston. Jr.. Fegarding
Meeting of May ~+ ! S, 1983 at Dayton. uwthio

In aacordarce with your reauests this cset of cocmments
will be addressed *o three pcints:?
1 An assessment of the documentz greszsnted, =D, HaLy z2nd
CRE (particulsly the lattzr> and the canduct or the mmatirg,
11 Thoughts on thz Conceptual System Zpeciticaticns,
II1 Thoushts on lmelamentetion Strateqy.

Friority 1105 is an eutra2mely tcocugh ac=1arments so
consider it an almost imposcsiblie tazlh., I am msst imer
the work which has besn accomplithed to date. and the
presentation of the dccuments, The meeting 1a which the
coalition solicited the advice and comments of a panel of five
experts wes most effectively organized and run, and elicited 3rooc
responses. Theze 1n turn elicited thoughttul reglies trom the
roalition members and the [{AM office personnel present., &1l or
ttiz btodes well tor the remainder of the project. Therefore.
what follows is to be tzbkzn &3 constructive detasziled commente,
which you requested.

1 AGSESEMENT OF THHE DOCUMENTS AND THE MEETIHNS

The first document iszsued in this project was the Zcciting
Dociament, which almost 1mmediately presents the FOF . AQ Diasram
and the corresronding Mode Liagran. Ray Neal acsled sreziricatliv
it we thought that the tzam haed acted toc quickly 1n s=2¢tt1n3 1
position the six functional boies.

I tend to think that present day orgenizations and gres=nt
day coricepts of the AS I3 functions did cast a strong shadcw or
this structure. It was nmodified as the proj2ct froceedsds bt 1
gee the structure a little differently, farticularly ags my *trai1n
of thought is mredicated an 3 generi1c "manufacturing” ervircnauent
rather than an aerospace 2nvivonment selling princically *to the
Government,

I feel we should tirst carcefully definre "Fa-tory®", a ward
which is widely used tor mary ditterent sScores cr activity, In
the NAD the term i1s definzd. but I fear that the definiticn
itself may prediscose the conceest which is to be generated. I
rrefer the term "Entarfprice”, & concept neatly defined at the tcE
of paze A-4 ¢f the NAL. Following this line ot thought, ] cze
four magor divisions of zn enrnterprisei if thsy were functicn
Bo<es we would label them: Manage, Manutacture, Martet., and
Suprort (Support tte entergrise, such as with ftinancials legeal.
persornnel, and data fFroiezszing services), In turre "Manufacture*
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would have four magor divicions?! Manage Manufacturing, Develor
Products, Produce Praoducts, and Susport Products in the Field.
Similarly, "Market" would have s1:: mejor divizions: Manage
Marketing, Assess Needs ot Marietplace, Establizh Merlering
Peolicies. Advetise Product=, 3Szll Products., Zerwvice Products in
the Field. | attach a node diagram from my new btoct which shous
this structure, gurely tor 1llustrative Furgose=.

It 15 obvious why 1 find the structure clocwun 1n the A
diagram to carry too much tlavor of tcday’'s asracspece taztory
structure, SAD Figqure 1-4 12 a similar nocgs diagrzm.s Bt 2+
pleces management of *he ente~price on a gar with "Frovide
Recsources"s "Frovide Legistic Supeort®. etc. [ feel 1t zheonld
have a senior status to trese functions, Alszy the Al node
"Pro-1de Customer Liailson 2nd Zervices" 15 reelly cnly a gorti:zon
of the Marketing functions, while another porticn of custcme=
services is over under Node ASl *Frovide Field Service". Eoth
deal with relations with *the ucser, euternal to the enterpr.ic2,
wheress the other functicns are i1nternal %o the enfterprise.

To answer Fay Neal’s anesstion, then, 1 thini that there wuag
tco e2rly 2 move 1n selscting these sit megyor botes, Howe . =

the coalition had to start ‘zrmewhere, and 1t 12 quite
understandable that they stzirted with this structure. it 15 n=#*
as irrevocable a fposture as 1t might bes and | think that late~
thinking, as evidenced by later documents. showe lsesg of ttc
intluence. What ultimatsly emecged as the main shructura 2t this
project are the seven needs catzgories, ard tte cystems
reauirements ari1sing cout ar them. Wher thesz arae sgrlied to *re
manutacturing structyre, the conizertuasl frazmewzrh ot the Fast ooy
of the Future will emerge.

™

The Sycstems Feauirzmert LDocument 1s 2p 1mEressive giece ot
taonomy. It is very thorcu:h —— perhags ton thorough. az 1ts
very cize will greclude » grcrer study bu rary paople. It shcol s
have a summary statement .t rarhars a ten*h cr the sizs I
ACDITION to the entire document, and 10 a separate btainder.

The keu emphasis 1s cn tha Informaticn Rezource Management
subjecty as is groper. Thet =section of the dccumert (Sectior 3)
12 an excellent expocsition of the subject. ! have no sugqgection:z
for changes in this section.

Similarly., second emphasis 1 Flaced —on Maxnagement of tthe
Factory 2f the Future, Section 4. Again, *thi1s zecticon shous
e czllent thinbling, &lthough 1t could stard some s1apRlificet10n,
and pertars some clarifizati10n with elameles, [t ftocuses on the
scheduling and aorchestraticn of & *remend-usiy zomelen structur=.
a rezl challenyge to ths FubF concegtisal glan, We all =sezmed to
agree that with lFM 1n flaze.s thiz tzceb wzold B2 mech easier. As
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may be seen from my remaris above, | soe this tunction as senicr
at all levels %o the funchions baing managed on that level.

The third Friority need 15 the Product Definiticn and
Planning Section, Section 3. Section % as amended is gractically
a textbook by itself. This is where the coalition has departed
most radically from the «5S IS factory structure and thinkirg, an.
where the grestest expcerticon and s=lling effort will be
reauired. Pecause it 15 such & large subject, siaplification
wherever possible 1s essential.

I cocncur with Puftum and Lardner that %Yherc is a lejitirate
division line btetween FProduct Cetinition and Froduction Flarrminz.,
Although the process 1s 1tzrat:ive, and moveg bzchk ard forth
across this line, there 1= sti1ll reason to keeg a tunctione!
distinction between the tuc. Trues CALCAM. Grour Tachaoloss.
and Generative Planning are emplodyed 10 both eress. éend ser = to
tie them together. But there are good maneGeEmEnt rea2cgns o ha.x
them serarated! Menejement mas decide. having ssen s deteiled
design and a model demonstraticn of a new product. nct to Az
ate2d with its production. Qr mansgement may elect to have tuo
sources of zueplysy esuiceed with different rac:litiess thiz woul d
reauire that the melding or the concerns cof rFroduct defirataicp
and eraduction methocds bz done twics, and zefrarately. I lseo
feel that there 1s a very cloze tie between Prcocauction Flarning
and Froduction, During the course ot the froduct’s life cycle
conditions may require many adiustmentz betwaes these tuc which
do not affect the Froduct Deriniticn,

However, there 1€ a much closer tie tetween product
definition and producticn planning than now e.c1sts 1n many
establishments. The zoncertual design will have to wrestle with
this groblem.

i
M
+

Froduct Assurznce 13 treated in Section &, We did not
too mch discussion, if anys, 2f this section. but [ real! it
misses the mark rather badly. This may te beceuse of the
overtianging 1nfluence of MIL-u-90852A Tect., &._.. Product
assurance igc normally achie.ed In two manners: Luality Assursnce.
and uality Control. The latter 1= the main thsme ot Section o
-~ how to inspect the praduct, It is @en old trui1z=m that ycu
cannot inefFect quality into a eroduct; the best you can do 1e to
cull out infericor gpieces. One must 1necect, az the MIL sgern
insists, but one mucst aleo addrecss the groblem ot destigning the
Frrcduct and the groduction methods sc as to 1rcrease the
incidence of good eraoduct., 1~ other words. mat=2 1% raight the
firct tine, I found very little of this thesis 1n Serctinn &, and
I thiny the project would be criticized 1f the dorcument got cut
without a balanced treatmant,

The remaining needsz Eriorities -- Human kFezource Manazement,
Msterials Management, ard Financial Management uere cornsigered %o
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be well done. We should emphasice i1ntegration of the: humans just
as we do integration of the irnformation systems intc the ultimats
Computer Intejrated Manufecturing system.

We did not see the State af the Art document, hesaring
instead an outline of 1ts contents. Consi1derin3y that we are
going to bhe working with technologies ten years ahead. and
fossibly nat yet conceived. ! would nct waste too much more time
on todas’s State of the Acrt, even 1f 1t 1 Leading E ige
technclogy. The importance of technclogy as a ractar 1n thes
Factory of the Future scerc2ly needs rejlteration,

Il THOUGHTES oM THE CONCEPTUAL SYSTEMT SFEIIFICATIONS

Ag I understand this part of the tast. an architectural
framewordk is to bz conceil.ed and sat forth cutlining the bz=st
concsidered orinion as to uwhat 2 manufacturing ente~prise =should
be lile in the 1990 - 15935 time trame. 4= Lardner frOint=d cut,
Just satting it forth will hasten 1ts orri.al. Tha can._cnl'y be
an i1d=2zlized architecturai 2very entarperize uwlll tave & difterent
actuasl]l architecture. It must theretore be complate s=nsugh z0
that 1t will encompsss any n=cEszsary .ar1ankts ~-- 1.2,, 2 3ener1o
architectur=s. And 1t ic not to be Zesiared in this tacsh, but
only to havs2 1ts charccteristics srecified.

LT

The Factory of the Future will Ee achised trcm *he Factery
or Today bty = slow, e/0luticnary Frocess. There 1z a tremend:ols

~dnertia in ths esisting mznuracturing =2cstablishnent, in the

facilities. capital equigmznt, technology, tcolingy, gersorrel,
and management. It will bz zhangad incrementally, asz 1t haz L-zn
changing over the gast twuo centuries and is chan3ing todayg. Thiz
groject 1cs merely to s=t forth 3 clear and acczrtatle target.

I agree that the FUOF will incorgorate sll ot the tuncticns
of the FOT,. It is the embodiement ot the technolosy that will
coentinue changing., and this includes the mensgcment. infortation
handling, =2nd material conversion tecknoclcgies., We call the
change mechanisms automaticn 2nd cocmputerization, Let me repsat
my analogy of the jig-saw fruzzle.

My grandson was assentling a jig-saw fguzzle one dey uwhen ore
of the piecesz accidentally fall to the fleoor, and the dog ate 1t.
I had to make a reglacemernt plece which, while lacking the
Ficture element on 1ts surface, had to fit precizely into the
scace between the adiacent riecesi: nc o.erlars and no gaps. |
refected that this 1s what we dn when we autcmate or computerice
scme manufacturing functizn, hile we may hace improved the
functiony, it must fit into the e:isting crganizatimnel eattern.
We do not change the inheritzd crazyg-amn1lt pattern ot the zsgystem.
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This traditional architecture of manufacturing and the
organizations that go with 1t were crazated for goocd reasons. When
manufacturing was accomp!ished by human digital skilis and hkuman
mental skills, organizational structures were tailiored to fit the
évailable humans and the:r shills., Put with the steady trerd to
the transfer of skills to mechanical and data frocecesingy devicess
we need a-new and better rationale for structuring manufacturing.
It is tag be found in thke functicnal steegs i1nhkerent 1n the scilerce
2f converting raw materials 1nfto desired end eroducts. Uescritaing
this structure is the essence of tne systems sgecification tzcsih,
It 15 complicatd by the fact that the FOF in the time2 rrame
srecified for the Systemz Specificatinn docoument may deal with
ercguacts,s facilities, and fersonnel not now kncuwn. This ig what
the mathematicians call "A hiaghly nen-tri1vial tas) '”, ‘

In view of the fact that the procject 12 aimed at the [75Q -
1995 time frame, I suggest that the Pro'ect Tezm tocus on what
méey reasonably be accomplished. I liked Lariner's cozncegt ct
the computer being arplied erincipally to structured decisions,
and used only as an assist in semi-structured decision making. |
csuggest that the specifications take note of the strong 1ntlusnce
of certain factors which, although they fall cutside the
assignment of the Project, must still te taken into
consideraticn. These include georolitics, sociological chang3es,
avallability of materials and energy, and econcmic conditions 1n

-

general. This was mentioned in NAD at Section Z.4.

I suggest that the Progect keeg in mind tte nature of *the
end product of this tacsh, [+ is not a turnkey glant, ncot
herdware or saottware, nzt &n organizetion chart, not a set of
standards, bBut a concert it cannot te made mandatory. This most
alsno be bept in mind bty those to whem the end ercduct 1=
proffered. I lilkad Zkinner's description ot the end grocduct a
credible model of how the world will be.

(1]
W

111 THOUGHTS ON IMFLEMENTATICN STRATEG:

Implementation in the cases of this project means diffucion
of the creditble concept to industry, and a reascnable level ot
acceptance by the early adorters. -

I su3gest that the credible model of how the world w:ll te
15 all that need be released. How the fprolect team got to 1t 135
no* 1mportant and may oFenr up & rield of debats better lefrt
closed.

The first step will te the preparsticn ot the mcd=2l in sone
compact’ form and its fFrezentation at zome tunctian such as
Industry Llays. You may e pect that 1+ will bz received with
either polits interest or complete inditfrer=znce, Such things
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take time. for assimilation -- months or even years betore their
true value is apgreciated. 3Simple documents showld be availatble
fecr anyone interested.

The second stap i selling the concert to thcse who may
reaconably be exgected to understand, accept, and imelement it.
This is a-jcb for a technology transfer specialiszt, and with all
due respect for the manifest shills of the prouect team, they may
nct have the sgecial gromcticnal z=hi1lls neceeszry. Fertunatesly,
thi=z froject az a cart of the ICAM Froject dascs not have az 1*%s
target the whole of [ndustry, but - at laast at tirst - only the
eernspace 1nducstry. This ig & reasonably reachabla tarjet.

The MNetional Academy of Engineering Czmmittes on Compute
Aided Manufacturing ceonducted a study cn ts=chnolrmyy trancsfer arn
connaction with the earlier ICAM work. We learnsd thet new
technolcgies arise in a very small sector of =n induetry, czlled
the "innovators". The first diffusion of the new technolosy 13z
to & group of about. 10% of the industry known e the "2arly
adorters”. These compranies will try an ide. w:thset an itron clad
demonztration of econamic Justificaticon. “hese are the rFecrle to
whom thz technology ftransfer szpecielists turrn their fairst
“attention. (Later, a large chunk cf inducstry will adogt the new
technolnogyy having zesn 1t demorstrated Iin practic2 and 1ts
economic justificaticn fFrcven. Py then the technology has beern
more or less standardizeds and the reward tor i%ts adoption has
shrunk to a narrower margin., The rest of thte i1industry will ts=
forced ints adsption by shesr weight of competition.)

Thiz means that Proiect 105 can still turther narrow 1tks
tzchnrology transfer grosrs a relatively small number of
serospace companies. Once they adort the conceet,. the rest wall
follow in szlf defence if ncthing elses and the dzctrine will
spread tc other industries as well, Thercfores, implemsntation
narrows down to grecsenting the concert to halt+ 3 docen key
corporations,y a not insurmaountable task.

As a conzultant whd haz dore such Jcks mary times in th=
pasty I can testify to the most effective Frocedure tor this
Frezentation =tfort, & zmall group - possibly two men - shcould
meet with the Chief E:z2cutive Ifticer ot th2 target corgsration.
and ore or two of hie aszo:zieotes. The reazon tor approaching the
ZEQ is that this concert hasz an imepact on the fctal entergrice,
and can not be *"bought® ty anyone other than the fperson whcse
resronsibility and authcrity =pans the whele enterprise. The
reason for the ®ore cn cne" aprroach is that thz CEQ 15 tree to
listen and ask questiorns. to discuss gossible imeplications for
his company, and to argue gFoints without committing himself in
front of hic entire organization., He mey later ask for a
fresentatiaon to a lerger grour of his pecpley, cr to ssveral
grours.
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I would not try to male a moving gricture for a visuwal aid
for the 1105 Projec™. This i1s just not the sort of subject
matter that lends itself tc the slick, uninterruptibley, music-in-
the~backyground movie medium. What is needed is a si-eable number
of slidesy from which a few can be selected. caretully chosen tor
the specific company and man to bte addressed. The presertation
is tailored to the enterprise. 3lide gresentations can be halted
for discussion, becked up to clarify a point, changed on the sgot
to react to the listener’s reactions, and 2:tended or ebbraviated
as seams best. And they are much less exfrensive than movies.

The CEO may ashk what the costs and risks will be. In this
tyre of concest, there 15 no way toc answer that uestions it wi1ll
have to be worked out for that specific user. In any event, the
accertance of this concert is not an economic enercises but a
etrategic decision. he CEQ will next consider what the concegt
will do to his organization and to the skillz of his employees.
This is probably the most impartant gart of the transter of the
concept,; and is where the flexible slide show media comee into
its own. What the (EY will not ask, but will wondar atout, 1z
what the conceri: will do to or tor him, personally., He mucst ta
made the "champion” for thke concept in his company.

When the technoloiy transfer team has cortected the "early
adopter" tyges of CEOs in the aerospace field, much of tra
implementation task will have been accomplished. More work uwuculd
yield a diminishing return in the early stages ot the tranetzer.
and in the later stages it will simply be a matter ct
rresentations as oft=n as orrortunity presente itselr,

SUMMARY

Project 1105 is to be commended for gcod worhk cn a very
difficult assignment. The end result of the Froject’ s ettcrt
will be a set of specirticaticns for a crediblz modzl of how the
world will be in 15990 - {57%. Thre transfer ot this corcept to
industry will reaquire an unusual approach, tut fcotunately may Lte
directed in the first instance to a relatively small numbev ot
proktatle early adeopters.

/ﬁoséph Harrington, Jr.
. May 10, 1983
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3.7

Comments, Richard E. Spears, Boeing Computer Services

This section contains the letter of comments written by Richard Spears
concerning the briefing of project 1105 in Dayton, Chio, on 4-5 May 1983.
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i
LIS poguas COMIVATE SIRNVCED Couase

e - B0
SOUTH UIVER WACHSTA WANJAS 8770

-

A Drmpu @ Mg foamy Cavveniry

May 20, 1983

Richard R. Preston, Captain USAF
Project Manager

computer Integrated Manufacturing Branch
Manufacturing Technolagy Division
APWAL/MLTC, Bldg. 653, Room 224

Wright Patterson AFB, Ohio 45433

bon Horwood

1CAM Program Manager
Yought Corporation
P. 0. Box 225907
pallas, Texas 75265
Mail Drop 2-A%

Unit 2-20150

Gentlemen:

Attached you will find the report that you requested me to prepare as 2
result of the Dayton meeting May 4th and Sth on Factory of the Future
Concepts.

1 weuld like to thank you for your hospitality and appreciated the
opportunity to participate in your review.

Sincerely /447
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GENERAL IMPRESSIONS

NEEDS ANALYSIS DOCUMENT

In general | find the documenrts to be very good. 1 believe the Needs
Analysis Document did an excellent job of categorizing manufacturing
needs 56 that proper attention could be given to the seven i{ssues
ijdentified. If you had tried tv address soluticns to the numerous detail
needs of a factory, you probably would not have been as successful as you
are going to be by categorizing. The document treated the subject of
Infarmaticn Resource Management very w#ell. [ believe that it is very
important that Information Resource Management is properly addressed in
the Factory of the Future Framework. [ am sure that if companies do not
understand Information Resource !anagement philosophy and mechanization,
they will not be able to obtais the productivity improvements that the
Air Force is stri'ng to achieve. ,

STATE-OF-THE-ART COCUMENT

This document did a pretty good job of {identifying network capabilities,
software tools, and database managers that are on the market today.
Although much of the information in the document is generic in nature, it
{s fairly obvious that the packages identified in this dcrument are only
state-of-the-art on the day that the document is written. 1 don't know
how you Intend to keep a document of this tyvpe updated. It may be that a
company that embarks on modernizing its manufacturing data systems nust
make a similar study of available tools prior to investing their money.
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The subject document addresses tha seven requirements areas in reasonable
detail. I believe that it is entirely reasonable that an aerospace
company could take this document, digest it, and 1mp1enent a syste that
would improve ‘their proauc£1v1ty.

The issue that was not discuszed at great length in the document, though,
§s how would they implemant these concepts and address the subject issues
without an implementation plen that leads them thruugh a transiticn fron
their present systems into state-of-the-art systems. System flow charts
could be developed that show the relationship between existing systems
and any systems that would have to be developed to support the factory of
the future framework. This wculd also allow a company to utilize data
systems that have been developed by the Air Force to assist them in
implementing factory of the future tasks. If possible, ycu should try to
include examples of how a compzny could do this. For instance, you may
want to use the flow chart technique generated by Boeing on the
Integrated Sheet Metal Lontract.

I believe a transition can be made from existing data systems t2
state-of-the~art data systems fairly easily if strategic data planning 1s
accomplished. This allows you to build a plan where all future cata
systems developments are accomplished wunder the umbrella of the
Information Resource Manager. A data dictionary can be developed that
supports both the new and the old systems.

The question that an aerospace company will have to answer is how many of
the [CAM produced data systems can be incorporated into that company's
existing data systems in an economical way. Aerospace companies shouid
find the use of the ICAM data systems cost effective because it is
extremely expensive and time consuming to rebuild existing data systems.
If they can assure themselves that the use of the ICAM systems will not
compromise their organizational and management philosophies, they will
find the use of the ICAM data systems more attractive. If they exercise
the option of adapting their management philosophy to the. [CAM
philosophy, they will be able to uce more of the ICAM data systems than
if they try to install the ICAM data systems in the face cf conflicting
management philosophies.

The f{inclusion of proposed organizaticnal charts should be considered.
This consideration will help the 1industry to understand that the
functional organization 1in the FCF Document are not defacto proposed
organizational charts.

It will be reasonable to expect that a company could rebuild its systens
at a cost much lower than systems have traditionally cost if life cycle
software packages are developed, It is not clear to me, however, that a
single life cycle software system will satisfy the requirements for
embedded software, business and scientific, If the software industry is
faced with the problem of providing a separate life cylce system for each
of these areas, the target date when all three would be available will de
extended.
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3.8 Comments, Hacvey E. Buffum, H. €. Buffum Company

This section contains the letter of comments written by Harvey Buffum
concerning the b.oiefing of project 1105 in Dayton, Ohio, on 4-5 May 1983,
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H.E. SXEERCQ.

PRODUCTIVITY IMPROVEMENT

17 May 1983

Robert L. Moraski,
FOF Project Manager
Vought Corporation

Dear Mr. Moraski:

I would like to complement you on the overall quality of the work that your team
has done on the Factory of the Future project. There ig a lot of information that
will be of significant value to the industry.

In Attachment "A," I have included a sumary of the comments that I made at the
meeting in Dayton. 1In general, I would recommend that the documents be made more
systems definitive and less philosophical. I believe that you will be doing some
revigsing of the documents, so I will not try to be specific with sentences that
would go into your revision ¢f the document, but instead provide you infermazion uc
that you can change the docunentation as your editor fits it together.

Attachment *B” i3 the invoice for expenses and changes for the services rendered.
I would like to exprass my appreciation for the opportunity of working with vour

team. I am looking ferward tO reviewing the results of your document revision and
the aeetinq in August, Please call me if ycu have any. questions,

'Barvag/ﬁézzgzgﬁn

Enclosures: Attachments A and B

ncerely\\
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ATTALHMENT "A”

Sumary of H.E. Buffum Comments
Made at Dayton Meeting, Xay 4 and 5, 19813

Management Exposure to Dociments

It i3 very impcrtant tha% top manufecturing management jin the aerospace
companies have an underatanding of the tystems that wiil be required in the
Pactory of the Future (FOF) for the 1995 time period. These systems have
the potentiel for significantly reducing production costs and improving
quality. With a good management undarstanding of the potential benefits,
better support will be provided to systems development effort required to
meet future objectives.

It will be very difficult for a manufacturing vice president or directer
to find time to read and study these documents because of the detail and
length of the documentatjon, I believe the best way to convey the informa-
tion is a one-on-one presentation made by his technical staff person who has
a good understanding of this documentation and their present systems.

' Many of these top people have had a limited exposure to the needs and
potential benefits of the integrated computer-aided manufacturing systems
noted in these documents. It is best if they can ask their questions freely
without concern for their possible lack of exposure to computer-jintegrated
systems.

I would propose that the contractor be authorized to prepare a slide
presentation and supporting documentation that can be used in the aerospace
companies to inform the executive manufacturing management of the finding of
this contract relative to the Factory of the Future. This slide presentation
would be presented by key ccmpany manufacturing technical staff when they
are adequately kncwledgeable of this program, or a knowledgeable industry
representative, when required. Wwhen possible, it would be best to use staff
from inside the company because this provides a4 foundation for the in-house
staff that will have to be involved in the development and implementation
work. In some cases, the company representatives that served on the coalition
effort under Mr. D.L. Ncrwood's direction could bring this stcry to the appro-
priate management.

When the companies lack the internal staff, outside consultants could be used

to convey the message. -
, .
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As the tranaitica is made from the predominantly metalic primary struc-
tures of today to ths composits structure of the future, configuration control
will become incressingly wore critical. Even tceday, some companies have
lost configuration control beceuse ol the number of subcontractors and the
difficulty of ksaping recoxds on the largs nunbers of parts and assemblies
in process.

In the commarcis. airplane business, it is very {mpcrtant that the manu-
facturer have the capabilities of configuring tha airplane, its power plants,
systems, and interiors to suit cach customer's need. With problems of
sales, financing, and changes in customer's need, one major producer finds
it necessary to have from 15 £o 20 master schedule changes per year that
requires significant resequencing of airplanes, major ccmponents, and systems.

Tha records for each individual airplane must be maintained for the life
of tha vehicle in commercial use. It is necessary because of qovernment regu-
lations and customer nead that tha structural detail of each airplane's con-
fiquration information ke readily available. For example, when any one of the
commercial airplanes makes a crash landing, the manufacturer must be able to
tell the customer the exact status of detail parts or assembly for that par-
ticular airplane in very few hours. The parts will often be kitted with the
tool fasteners and planning for shipment to locations all cver the world for
field installaticn to get the airplane back in tha air in tha shortest pos-
sible time. :

Military systems currently have many of the same configuration control
problems but with a little less emphaszis on a variety of customers but with
more sophisticated systems.

The composites gtructure of the future will require a great deal of
quality and confiquration contrcl data in comparison to that ncrmally reguired
for metalic structures of today. To provide a view of these special require-
mants, I will briefly outline some of the critical steps that currently appear
20 be a requirement for future critical composite structures. As the tech-
nclogy advances, the needs will change but it appears unlikely that tha data
requirements will be dreastically reduced.

Typical Data Required for Critical
Composite Structures

A. Chemical Characterization of Materials

Incoming batches of material will be analyzed with sophisticated
computer controlled equipment 3o that the chemical characteristics
can be compared with the producibility and performance history of
every part that uses any part of that batch of material. The ob-
jective {3 to ba able %o eliminate undesirable material before it
is ever processed in tha Factory cf the ruture, and to insure that’
there are ways of correlating failures to their causes. This type
of data will become a part of the data for each part and assembly.

B. Part Configuration Control

Each ply of resine-impregnated fabric, when fabric i{s used, would be
defined by a computer compatable data set used by both engincering
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and manufacturing. It is most likely that the material would

be trimmed to its configquraticon using computer controlled machines
working diractly from ths engineering data sets. Tha data on the
configuration and batch of materiai would beccme & part of the
computerized data base,

C. Assembly Coanfiguration Control

"As each ply of materia}] is autcmatically placed in position,

sensing equipment would verify that the proper configquration of ply
was placed in the proper positicn. This data would then end up 28

a part of the computerized data for the configuration of the assembly.

D. Cure Cycle Recording

There will be many cure options avajilable with variations in temper-
ature, pressura, time, and energy sources. These cycles will become
a critical part of ths computerized quality records.

E. Asgsembly Inspection

Bach of ths steps taken in A through D are directed at insuring that
a high-quality assembly is proauced, and that in those cases where

& fajlure has occurred, there will be a data track that will lead

to an understanding of where the true problem is. The next step in
the quality asgurance process 1s that of using computerized inspec-
tion techniques, such ag computerized through transmission ultrasonic
inspection systems to detect voids of imperfections in the completed
assemblies, ‘

P. Assembly Usage

The final sZep in the records of a specific agsembly is its assign-
ment to a specific customer's 3irplane and the storage for retrieval
for the service life of the airplane. .

*The configuration control prchlems on some major systems development efforts
have caused some very large cost cverruns and schedule delays. t is recommended
that a strong thread of configuratiorn .ontrol be woven into the documents f£or
the Factory of the Future. Without this important function plarned into the
syastems development effort, there 1is no assurance that the systems will support
the required product quality and reliability.
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N

Redefinition of Executive Responsibility

In S5.3.4 of the System Reguiremanta Document, it was stated that there
should be a single exacutiva rersponsible for a combination of some design and
sone manufacturing functions. I believe that this recotmendation isg inappro-
priate in this docunent for two reazons:

a. System Requiremants Nocument does not appear to be the
appropriate place ts defins mansgement reporting rela-
tionships.

b. Some companies have found it to Se very affective to have
teans of manufacturing and gquality people assigned to the
engineering design areas tc ald in the evoiution of the op-
timum designa. These Gperations repregentatives sign the
drawings for the manufscturing and quality management that
has the actual produstxon respongibility.

Human Resource Management

Page 7-7, the third paragraph from the top has a "Diagram 2" rerlerence
that I assune should have been Pigura 7-4.

In this sxne section are noted "Human Resources Manag=sment”functions,
such as Payroll Personnel Systems (PPS), Employee Records Systems (ERS),
etc. With the continuing-introduction of new cheicals into the work place,
I believe that serious consideraticon should be given to including an "Epi-
demilogical Data Basa™ in the computerized personnal data.

Tha epidemilogical data base would keep track of all of the hazardous
materials that enter the factory, where they are used, who was exposed to
them under what conditions, for hcow long, and the appropriatae medicsl history
of the individuals.

Most aerospace companies tend to have very poor records of the hazardous
materials that they usa, and even less information on the exposure of indi-
viduals. The big problem tocday is to try and determine what should be con-
sidered hazardous. The present situation is clouded, but with the emphasis
being placed on the handling of hazardous and toxic material, I belicve that
a 1995 HRM System would ke inccmplete without this provision..

I would suggest thdt ycu call Mr. Michael Stewart, Boeing Commercial
Alrplane Company Organizaticn €-5645, phone (206) 237-6467 for information
on a computerized epidemilogical data base that is probably the most advanced
in the aerospace industry today.
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S. Response > weslatiy Asked by Procicct HManagement 29  June 1984

A. Who should be responszible for informzation resource managedent?

D.

ANSWER - Thes information rescurces of a company are one of its most
valuable assets. FResponsibility should be at the executive level
wherse enginesving and aanufacturing both report. 1In some companies,
this is at the level ©f the executive vice president where several

i divisions of the company report that use the same data base.

In distributed systems, the functional orqanizatioﬁs need to be able
to usa the data as they wish.

What should we say in future systems specifications? -

ANSWER = I believe that each detail system specification document
prepared for the use of zn aerospace company will be different. There
will ba similarities in the type of data used and where it is used.

To get a handle on the problem, I would ground rule a typical company
of modest size and’ limited product mix, and vrepare a specification.
Your conscortium members should be able to provide data usage infor-
mation that could be factcrs for the company size that you select.

The resulting data then could be used by many companies to develop
their own specifications. This known foundation would be a much
better starting point for most companies than having no starting point.

HBow should tha balance of tha work be prioritized?

ANSWER -

1. Revise existing documents as recommended.

2. Prepare what cculd be coasidered to0 be an abbreviated
system specification with a lot of back-up data in the
appendix.

3. Develop an implementation plan.

4. Develop special presentations that can be used to com-
municate the results cf projects to industry.

What should be the strategy for implementation?

ANSWER ~ A systems cevelopment plan can only be implemented by a company
that {s convinced that it will get a return on its investment or must
take actich to remain competitive. I am of the opinion that some of the
new weapons systemsg will force the introduction of more computerized
systems. There needs to be more emphasis on producticn capability in
the source selecticn process than there has been in the past.

Tha ICAM program is taking the steps that are required in evolving the
building block for the Factory of the Future. By working on these
building blocks or modules, theyare, through the compctition process,
getting many companies headed in the right direction. By giving a devel-

opment contract to one, they are stimulating many to try and stay com-~
petitive.
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3.9 Project 1105 Overview end Factocy of the Future Scope (presentation)

Tn.s section contains the project overview presentation given by
D. L. Norwood
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WVOUGHT

TECHNICAL REQUIREMENTS/TASKS

2he rolloswing tasks shall be accomplished:

‘,.,...“N-.,.
SR ATy o .

Task A - Establishment of the Master Plan and Schedule (paragraph 4.1).

Task B - Establishment of the Factory of the Future Conceptual Framework
(paragraph 4.2.. (Option 1)

Task C - Establishment of the Integrated Composites Center Requirements
Definition and Conceptual Design (paragraph 4.3).

ay-y

Option 2 - Establishment of the Integraied Composites Center Preliminary
Decign and System Specificaticn Document (paragraph 4.3.8).

Establishment of the "AS IS™ Architecture of QA/QC Functions
(paragraph 4.4.2), establishment of the ICAM Quality Assurance
Manual (paragraph 4.4.3) and a Product Assurance Program

- Standard (paragraph 4.4.4).

Task D
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TASK B MILESTONES
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TASK C - Establishment of the integrated composites center (ICC)
requirements, conceptual and preliminary design and system
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PROBLEM:

Logistics

VOoOuGHT

SOME PARTS MADE FROM 7075-T6

ALUMINUM WITH STIFFENING BEADS (CVD
NO. 3078) ARE DEVELOPING STRESS

CRACKS

SOLUTION: (1) SEARCH STORED DATA FOR ALL PARTS
WHICH ARE:
o IJADE OF 7075-T6 ALUMINUM
» HAVE BEAD CVD NO. 3078

NOTE: PART NUMBERS
SUBJECT TO POSSIBLE CRACK DEFECTS

USER [ 7
»/ REQUEST

—
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DATA STORED
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RESOURCES

FACTORY OF THE
FUTURE FRAMEWORK

CORPORATION

MANAGE.FACTORY
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FOF Management VOUGHT
STRATEGIC LABOR PRODUCTIVITY EQU!PMENT IMPROVED
PLANNING IMPROVEMENT PRODUCTIVITY | | PRODUCT
IMPROVEMENT | | COST/
IMPROVED FORECASTING e QUALITY
INFORMATION INVENTORY ' ‘
FLOW CONTROL MANAGEMENT | FINANCIAL
COMPUTER MATERIALS
IMPROVYED INTEGRATED REQUIREMENT LEGAL
] - DECISION MAKING MANUFACTURING | | pLANNING -
i ® GROUP ,
PROJECT TECHNOLOGY “PAPERLESS
PLANNING OPERATION"

'STANDARDS/POLICY/PROCEDURES | | pROPOSAL EVALUATION/APPROVAL

SCHEDULES & BUDGETS ACCOUNTING TACTIAL PLANNING

SIMULATION OFFICE AUTOMATION CAPACITY PLANNING
MODELING '

RESOURCE MANAGEMENT
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3.10
Review (Presentation)

FTR110510000U
29 Juna 1984

Project 1105, Tesk B, Systems Requirement Document

This section contains the Tasgk B, Systems Requirements

Document presentation given by R. L. Moraski.
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SYSTEM REQUIREMENTS DOCUMENT (SRD)

® DERIVED FROM NEEDS ANALYSIS

@ ESTABLISHES FUNCTIONAL REQUIREMENTS

® DETAILS GENERIC NEEDS CATEGORIES

— DESCRIPTION

— CONCEPTS

~ EXAMPLES

-~ IMPACT

o PROVIDE BASIS

— SYSTEM SPECIFACTION

~ IMPLEMENTION STRATEGY

Q
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INFORMATION RESOURCE MANANGEMENT (IRM)‘

® TIMELY AND ACCURATE INFORMATION MANDATORY
@ CURRENT INFORMATION SYSTEMS GENERALLY

~ DP DEPARTMENT ORIENTED
= DATA STRUCTURE DEPENDENT

4 INFLEXIBLE
4 MINOR CHANGES=MASS|VE MODIFICATION

~ HARDWARE DEPENDENT
— NOT USED EFFECTIVELY

® KEY TO INTEGRATION AND MFG FLEXIBILITY

gt L . A e
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IRM CONCEPTS
® FUNDEMENTAL FOF BUILDING BLOCK

- LOGICAL COMMON‘FACTORY DATA BASE
A DISTRIBUTED
4 CENTRAL

~ NEUTRAL DATA STRUCTURE/GCOMMON DATA MODEL
~ HARDWARE INDEPENDENGE | |
~ RAPID DATA CHANGE

A USER |

A WITHOUT SOFTWARE MODIFICATION

® FACTORY WIDE COMMUNICATIONS NETWORK

® USER DEVELOPED INFORMATION

® DESIGN TO MEET USER REQUIREMENTS

vgel eunt 62
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LOGICAL DATA 8TRUCTURE

PLANS

DATA ORQANIZATION

CONTROL
ARCHITECTURE

STANDARDS &4 PROCEDURES

IMPLEMENTATION
& METHODOLOGY

NEUTRAL.
FACTORY ENTERPRISE
NEEDS
FINANCIAL
MGMT , COMMUNICATIONS
NEEDS . /  YECHNOLOGY
MATERIALS [ COMPUTER /
MaMT INFORMATION\ SYSTEMS
NEED ARCHITECTURE ARCHITECTURE m::nm::‘cu
' =P CES a
HUMAN :
TECHNGLOQY
RESOURGE HARDWARE/ -
NEEDE USER VIEW SOFTWARE
NEEDS WA
A:g%gﬂﬁgef” | INFORMATION
NeEDS o EchNb 00y

PRODUCT DEVINITION
AND .
PLANNING NEEDS

- THREE ARCHITECTURE APPROACIH
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IRM IMPACT

® AFFECTS VIRTUALLY EVERY FUNCTION
@ REQUIRED INFORMATION TO ALL USERS

— WHEN NEEDED
— IN FORM NEEDED

e IMPACT ON MANAGEMENT

—~ BETTER COMMUNICATION
— PROVIDE DECISION SUPPORT TOOLS & INFORMATION

— SOFT ALLOCATION OF RESOURCES (MATRIX MGMT) -
~ MANAGE AND CONTROL CO. KNOWLEDGE

— GREATER ORGANIZATIONAL FLEXIBILITY
e IMPACT ON HUMAN RESOURCES

— JOB ELIMINATION
-~ JOB CREATION
~ NEW SKILLS & JOB ROLES

¥861 dunf 62
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MANAGE FACTORY
® OBJECTIVE: IMPROVE PRODUCTIVITY

® THREE THINGS‘WORK AGAINST

— REWARD SYSTEM
A YEARLY GOALS
4 QUARTERLY EMPHASIS

® SHORT TERM OQUTLOOK

06-v

® HIERARCHIAL ORGANIZATIONAL STRUCTURE
 ~ FOSTERS AUTHORITARIAT{ PEOPLE MGMT

A PEOPLE COGS IN VAST MACHINE
4 L OSING EFFECTIVENESS

ATt

5

— NEED MORE PARTICIPATIVE APPROACH
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MANAGE FACTORY CONCEPTS'

© INSEPARABLE FROM IRM

® INFORMATION INTEGRITY VITAL
— PLAN
~ CONTROL
~ DIRECT

® INCLUDES
— TECHNOLOGY ASSESSMENT
— IMPLEMENTATION
— MANAGEMENT OF CHANGE
— PRODUGT QUALITY
~ PRODUCTIVITY

— LONG RANGE PLANNING

A WHAT PRODUCT/PRODUCTS
A FACILITIES

A PERSONNEL

v861 oung 62
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MANAGE FACTORY IMPACT

® FINANCIAL IMPLICATIONS
— COST ACCOUNTING
— ROI/ROA EMPHASIS

® CULTURAL ASPECTS (ALL LEVELS)
— PERSONNEL ‘
~ ORGANIZATION
~ WORK ENVIRONMENT

@ PRODUCE PRODUCT AND ASSURE

— REASONABLE CUSTOMER COST
— PROFIT '

— COMPANY LONGEVITY

& IMPROVED COORDINATION THROUGH INTEGRATION

® IMPROVED DECID DECISION MAKING

v861 dunf 62
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PRODUCT DEFINITION & PLANNING (PDP)

o COMBINES INTERACTIVE DEPENDENT ENGINEERING FUNCTIONS

— DESIGN

— MANUFACTURING
- TOOL, ETC.

® PRODUCT DESIGN

— GEOMETRY :

— ENGINEERING ANALYSIS

— NON-GEOMETRIC DATA
® MANUFACTURING PLANNING

— PROCESS PLANS

— TOOL PLANS

— QUALITY PLANNING

— PRODUCTION PLANNING
© FACILITIES DESIGN

o PLANT LAYOUT

yB61 eunt 62
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PDP CONCEPTS
® DESIGN FOR

- COST

— PRODUCIBILITY
— QUALITY

® REDUCTION OF ECO'S

© REDUCE LEAD TIME

® DESIGN TO PROCESS VIA COMPUTER

Bt s e Tidd et S
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Ny PDP REQUIREMENTS

v ® REDEFINE EXECUTIVE RESPONSIBILTY

® COMPUTER GRAPHICS

& SOLID MODELING

O.PRE—PRODUCTION MFG "PROOFING"

— MFG PLANS
~ TOOLS

— PRODUCTION SPECS
— SET-BACKS, ETC,

96V

® GROUP TECHNOLGGY

® GENERATIVE PROCESS PLANNING

© ON-LINE PERFORMANCE STATUS

ARSI RGN AT DN IS LR 3 0 el S e - 0 ok s 200 700 SN L S M ' .
NS
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PRODUCT ASSURANCE (PA)

® QUALITY IS EVERYONE'S RESPONSIBILITY
@ GUS SCHRADER, VP MFG, TRW, (AM JAN 83)
— "WE EXCEL AT SCRAPPING BURNT TOASTH

- "STATUS QUO UNACCEPTABLE"

— "CREATE AWARENESS FROM CEO ON DOWN®"
~ "PLAN FOR QuALITY"

— "FASTEST TRACK TO PRODUCTIVITY
e QUALITY OR PRODUGCTION

— NO LONGER A CHOICE
-~ MUST HAVE BOTH

® DESIGN AND BUILD IN

— CAN NO LONGER AFFORD TO INSPECT IN

v861 8unft 67
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PA CONCEPTS
® INFORMATION IS THE KEY TO QUALITY

® REQUIREMENTS FOR QUALTITY QUALITY MUST BE INTEGRATED
@ IMPROVE TI&E METHODS

— STATISICAL QUALITY CONTROL — DEMING
- NON-DESTRUCTIVE TESTING

® IMPROVED QUALITY INFORMATION

- INTERNAL
— EXTERNAL
— VENDORS
— SUBCONTRACTORS
- CUSTOMER
e IMPROVED QUALITY IN
— SOFTWARE - EQUIPMENT - PROCESS
— HARDWARE - PRODUCT
® LEAD TO IMPROVED PRODUCTIVITY

¥851 oeunf 67
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HUMAN RESOURCE MANAGEMENT (HRM)

® CULTURAL ASPECTS VITAL

— WORK ENVIRONMENT
— PERSPECTIVE OF COMPANY AND MANAGEMENT

@ FOF WILL (AT ALL LEVELS)

— REQUIRE GREATER INVOLVEMENT OF
A MANAGEMENT
A STAFF

—~ CHANGE ORGANIZATIONS

— CHANGE PHYSICAL LAYOUT
— CHANGE JOB CONTENT

— REQUIRE DIFFERENT SKILL AND JOB KNOWLEDGE

® RESOLUTION OF HRM PROBLEMS IN FOF COULD BE MORE VITAL
THAN SOLUTION OF TECHNICAL PROBLEMS!

¥v861 wsunf 62
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HRM CONCEPTS

® MUST RESOLVE CULTURAL ASPECTS
—TO GAIN ACCEPTANCE OF FOF

— STIMULATE SUPPORT AT ALL LEVELS
® EXTENSIVE RETRAINING REQUIRED

— IN HOUSE - '

~ UNIVERSITY

~ TECHNICAL SCHOOL

v
O
L]

® USE OUR HUMAN RESOURCE RESOURCE MORE EFFECTIVELY
- NEW INCENTIVES AND MOTIVATION

— LONG RANGE PLANNIN FOR PERSONNEL REQUIREMENTS

v861 Bungt 67
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MATERIALE MANAGEMENT (MM)"
® PROCUREMENT
® STORAGE

® MOVEMENT
® ALLOCATION

— RAW MATERIALS

— COMPONENTS

— WORK-IN~PROCGESS
- TOOLS

—~ EQUIPMENT

~ FACILITIES

oot~V

® INCLUDES

— SUBCONTRACTOR SUPPLIED COMPONENTS
— GFE '

veet sunp s T
100001501181
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o 40-60% WEAPON SYSTEM-SUBCONTRACTED
® 15-25% GFE

® INVENTORY CARRYING COSTS

© MATERIAL QUALITY
® MATERIAL DELIVERY

@ INTERNAL MATERIAL HANDLING

v861 ounr 62
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MM CONCEPTS

® IMPROVED SUBCONTRACTOR AND VENDOR INTERFACE

= RIGHT AMOUNT
~ RIGHT PLACE
= RIGHT TIME

—~ APPROPRIATE QUALITY
- STABILIZED PRICE

© AUTOMATED MATERIAL HANDLING
© ENHANCED INVENTORY CONTROL

® IMPROVED WORK-IN-PROCESS MANAGEMENT

0.0 ~OF 3 SN

ygsT oung 67
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FINANCIAL MANAGEMENT (FM)
® PROFITABILITY IS KEY GOAL OF BUSINESS —— FOT OR FOF

®© FINANCE 1S THE EQUALIZER IN EVALUATING ALL FUNCTIONS
® FINANCIAL STRUCTURE IS NOT A MATCH WITH PROCESSES
@ FOCUS iS ON SHORT-TERM PROFITABILITY

® FOF MUST BETTER USE FM IN AN INTEGRATED SETTING

WL
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FM CONCEPTS

® REAL TIME FEEDBACK
—~ COST

~ PERFORMANGCE
-~ PRODUCTIVITY

® IMPROVED INVENTORY cOST MEASUREMENT

® INTEGRATION OF FINANGIAL SYSTEM w
~ PRODUCTION GONTROL o
~ MANAGEMENT GONTROL
~ MATERIAL CONTROL, ETo,

® IMPROVED BUDGET PLANNING

© IMPROVED FINANCIAL FORECASTING

® IMPROVED ROJ/ROA ANALYSIS
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® EMPHASIS ON LONG TERM COMPANY VIABILITY
= TECHNOLOGY ACQUISITION
~ STRATEGIC ISSUES

, — LESS SHORT TERM EMPHASIS

@ FACTORY WIDE DATA BASE IS KEY TO FINANGIAL INTEGRATICN

SOT-v
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FM IMPACT
©KNOW FACTORY STATUS -~ MANAGE ACCORDINGLY

® KNOW TRUE COSTS, BOTTLENECKS, INEFFICIENCIES
®OPTIMIZE INTEGRATED FACTORY FUNCTIONS

® ORIENT TO LONG-TERM VIABILITY, PROFITABILITY
AND COMPETITIVENESS

O@FACTORY WiLL BE A SINGLE COHESIVE UNIT
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29 June 1984

3.11 0 as eeds Analys Revie Prasentation

This section contains the Task B, Needs Analyslis presentation
given by A. Wayue Snodgrass.
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ICAM PROJECT PRIORITY 1105
ESTABLISHMENT OF THE FACTORY
OF THE FUTURE FRAMEWORK

TASK B
REVIEW TEAM
NEEDS ANALYSIS REVIEW

4-5 MAY, 1983
DAYTON, OHIO

‘BY

A. W. SNODGRASS ‘
D. APPLETON COMPANY, INC.
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PRESENTATION OBJECTIVES

@ ESTABLISH BASIS FOR ANALYSIS

® ASSESS TASK RESULTS AND IDENTIFY

© AREAS OF AGREEMENT
® AREAS OF CONCER"

601V

e REQUIRED ADDITIONAL AREAS

@ REVIEW TEAM SUGGESTIONS
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APPROACH
M
® BACKGROUND
® NEEDS ANALYSIS DOCUMENT (NAD) FORMAT
® ICAM DOCUMENTATION STANDARDS
¢ PROJECT PRIORITY 1 105 NAD
5 ® AEROSPACE MEMBERS TEST APPROACH
® REVIEW OF NAD
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APPROACH

® BACKGROUND

@ NEEDS ANALYSIS DOCUMENT (NAD) FORMAT .

¢ ICAM DOCUMENTATION STANDARDS
¢ PROJECT PRIORITY 1105 NAD

011~V

° AEROSPACE MEMBERS TEST APPROACH

® REVIEW OF NAD
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FoF Boncqplulfumnwo:i Effast Relationship te ICAM Life Cycle

ICAM LIFE CVCLE

COMETRUCTION {INTEGRATION
NEEDS | AEOUIAEMENTE | PRELIMINARY | DETAIL | & VERIFICATION|VALIDATION & | 1MPLEMENT | MAINTAIN A
ANALYSIS DEFINITIGN DESION DEGIGN TESTY TERTY AND USE SUPPORT

TASK B " UNDERGTAND FORMULATE AND BUILD ARD INTEGRATE IMPLEMENY AND 8SAINTAIN
DELIVERARLE PROBLEM JUSTIFY 8OLUTION SOLUTION SOLUTION

SCOPING DOCUMENT]

NEEDS ANALYEIS

{8D)

DOCUMENT X
INAD)

111-v

STAYE OF THE ‘
ART DOCUMENT X
18AD)

SYSTEMS
REQUILEMENTS
DOCUMEN X
{5R0)

SVETEAD
SPECIFICATION X
(68}

[ =2 7a]

by
Fihn tas e 5

NOTE: TING FIGURE SHIOWS THE RELATIONSHIIP OF THE TABK "6~ ESTABLISH FACTCRY OF THE FUTURE
CONCEPTUAL FRAME VJIORK DELIVERABLES TO THE ICAR LIFE CYCLE. THIS MATRAIX {6 OFFERED TO
CLARIFY PRECISELY WIIAT TABK “8” WILL AND WILL NOT PROVIDE. SPECIFICALLY, TIIERE WULL BE
ONLY A CONCEPTUAL DESIGN (THE FRAMWORK) FOR THE FACTORY OF THE FUTURE FPRODUCED. AlL

EFFORTS (M THIS TASK ARE AIMED AT A CONCEPTUAL FRAMEWORK, NOT A DETAIL DESIGN FOR THIE
FACTONY OF YHE FUTURE.
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NEEDS ANALYSIS PER SOW

PURPOSE: IDENTIFY THE PROBLEMS TO BE

ADDRESSED BY THE CONCEPTUAL
L FRAMEWORK

REQUIREMENTS:

(498§

- RELATE “BOTTOM-UP” NEEDS TO
“TOP-DOWN" GOALS

- FROM INTEGRATED FACTORY VIEW

- CONTEXT DEFINED FROM MFG-0,1
& DES-0,1

- - FOLLOW DOC. STDS.

";j < - “A NEED IS A STATEMENT OF DEFICIENCY OR VOID IN
| AN EXISTING MANUFACTURING SYSTEM.”
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TERMS AND ABBREVIATIONS

e FACTORY

o FACTORY OF THE FUTURE (FoF)

e FoF CONCEPTUAL FRAMEWORK -

£I1-v
®

FoF IMPLEMENTATION STRATEGY o

s GOAL g §

* NEED ’
o83 |
¢ IMPROVEMENT CONCEPT .



COALITION TASK

REF: FIG 3-3 PG S
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“AS IS” “TO BE"
ARCHITECTURE/ SCOPING CONCEPTUAL
FUNCTIONS DOCUMENT FRAMEWORK
1982 1985
N yd
N 7
N /7
?(“ f@
/7
7/ \\
» 4 N
i 7 1983 1984 1985 1988 1987 1995
| | | | | ’Jw |
STRATEGY
00 |GOALS
IMPLEMENTATION 0
STRATEGY ‘ CONCEPT
I |DESIGN
il | IMPLEMENT
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FRAMEWORK ~ GOALS
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NEEDS - } STATE-OF-THE-ART
L \/J
IMPROVEMENT /
IMPLEMENTATION
CONCEPTS LEMENTAT
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SYSTEM SPECIFICATION
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_INFLATION vs U.S. PRODUCTIVITY GROWTH

\ / ISR o N doe | .4 ;
) S o«
ey
m\\\ INFLATION (CPI)
J
PRODUCTIVITY GROWTH
7
o

12.4%
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\“ 1.0%
e
———
1950-1965 1965-1973 1973-1979 1980

SOURCE: U.S. BUREAU OF LABOR STANDARDS (BLS)

FIGURE A-1 PG A-1
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i RATIO OF INVESTMENT TO

(MANUFACTURING 1960-1977)

GERMANY
ITALY ¢ ©

FRANCE o

11~V

AVG. ANNUAL INCREASE IN PROCUCTIVITY-%

INVESTMENT (% OF GNP)

8 FIGURE A-2 PG A-2

GNP vs PRGDUCTIVITY GROWTH
GNP vs PRODUCTIVITY GROWTH _
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PRODUCTIVITY FORMULAS

FORMULA 1:

FORMULA 2:

FORMULA 3:

GOAL:

81I-v

OBJECTIVE:

RESULT:

FIGURE A-3 PG A-3

CUTPUT (§)

PRODUCTIVITY = —ootT 5)

SELLING PRICE (§)

PRODUCTIVITY = To7AL COS8T ($)

SELLING PRICE
p =
RODUCTIVITY = [RECT (3) + INDIRECT ($) + MATERIAL (
LABOR LABOR (DIR. & IND.

GOAL »1 REDUCE ANY OF THE COSTS WHILE
HCLDING PRICE CONSTANT.

GCAL #2 REDUCE FLOW THROUGH TIME FOR
ANY COST ITEM. '

CONVERT CAPITAL TO RESOURCES; RESOURCES
TO PRODUCTS; PRODUCTS TO REVENUE (REVENUE
MINUS COST EQUALS PROFIT); PROFIT TO CAPITAL.

PRODUCTIVITY IS IMPROVED BY RAPID CCNVERSION
OF CAPITAL TO PROFIT AND BACK AGAIN TO CAPITAL.

aune &
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APPENDIX A - DETAILED FoF GOALS DISCUSSION

REDUCE COST/PRICE & INCREASE PROFITS

o IMPTOVE QUALITY

¢ IMPROVE HUMAN RESOURCE MANAGEMENT

s ¢ REDUCE LEAD TIME
¢ IMPROVE MANUFACTURING FLEXIBILITY 3
5
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'MANUFACTURING SYSTEM INTEGRATION
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SOLUTION - CIM

INTEGRATION:

@ FORMING INTO A WHOLE

® SHARE A COMMON COMPONENT
¢ PHYSICAL INTEGRATION

o INFORMATION INTEGRATION

.yg61 sung 67
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CIOMPUTER [INTEGRATED [MJANUFACTURING
® MANUFACTURING, WHICH BEGINS WITH PRODUCT DEESIGN
AND ENDS WITH SUPPORT AND MAINTENANCE IN THE FIELD,
IS A MONOLITHIC, _INIVI;SILE FUNCTION. --- NO PART CAN

BE SUCCESSFULLY CONSIDERED IN ISOLAT
OTHER PARTS,

M ALL

¢ DIVERSE AS THE VARIOUS PARTS OF MANUFACTURING RAY

SEEM, THERE IS A COMMON THREAD THAT RUNS THROUGH

THE FULL SCOPE OF ALL MANUFACTURING ACTIVITIES. -~

MANUFACTURING IS, IN THE ULTIMATE ANALYSIS, A SERIES

vg61 Bunl 62
n00001501131d

DR. JOSEPH HARRINGTON
1980 CAD/CAM CONFERENCE
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CHANGING THE FOCUS

® EMPHASIZE INTEGRATION OF MANUFACTURING

ACTIVITY VERSUS SPECIALIZATION.

® REFOCUS MANAGEMENT ATTENTION FROM

MANUFACTURING TECHNIQUES TO MANUFACTURING

SYSTEMS.

© FACE AND RESOLVE NEED FOR MANAGEMENT

ORGAN!ZATION RESTRUCTURING

JIM LARDNER

DEERE&CO.
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_RESOURCE MANAGEMENT _

CAPITAL | o TIME
RESOURCES ’ RESQURCES
MANAGERIAL TECHNOLOGICAL
SUBSYSTEM PRODUCT
SUBSYSTEM
HUMAN
SUBSYSTEM 'fé
HUMAN INFORMATION

RESOURCES | RESOURCES



INFORMATION RESOURCE IRM)

“NFORMATION IS THE MANAGER’'S MAIN TOOL,
INDEED THE MANAGER'S “CAPITAL", AND iT IS HE
ETE———E—-

WHO MUST DECIGE WHAT INFORMATION HE NEEDS

sT1-¥Y

AND HOW TO USE IT.”

kT AT <6 B e o SR T S D

i W A

PETER DRUCKER-"MANAGING THE INFORMATION EXPLOSION®

o 4o bt s S b st S RS AN

BLGTRERANE 3 Bt
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INFORMATION RESOURCE AND HUMAN
RESOURCE MANAGEMENT

THE PRODUCT OF ANY EMPLOYEE THAT DOES NOT

LAY HANDS ON THE HARDWARE PRODUCT IS DATA
AND/OR DECISIONS. |

EMPLOYEE “PARTICIPATION” IS DEPENDENT UPON

KNOWLEDGE CF THEIR SURROUNDING ENVIRONMENT

AND CONTRIBUTION OF THEIR DATA.

[HEAM [M]ANAGEMENT [T] ECHNIQUES OFFER AN
EXPLOSIVE iMPACT ON PROBUCTIVITY

6 TMT STRUCTURED METHODOLOGIES CHANNEL THIS
ENERGY TOWARD “TOP DOWRN" PLANNING GOALS
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" TAXES - 6%

LABOR - 312 DEPRECIATION - 2.5%

INTEREST 1.5%

UNALLGWABLE 13
FROFIT 4%

PURCHASED MATERIALS AND
SERVICES - 54%
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v861 oung 6Z
N0000TSOTTEL



NAD FORMAT/ICAM DOCUMENTATION STANDARDS

TABLE OF CONTENTS

SECTION 1. SCOPE
1.1 IDENTIFICATION
1.2 BACKGROUND
SECTION 2. DOCUMENTS

2.1 APPLICAEBLE DOCUMENTS

6Z1-¥Y

2.2 TERMS AND ABBREVIATIONS

SECTION 3. REQUIREMENTS
3.1 COST /PERFORMANCE DRIVERS AND HUMAN FACTORS
3.2 PERFOBMED ACTIVITIES |

3.3 PRIORITIZED NEEDS

v§61 eunr 67
N0000ISOTTHLE

PERSPECTIVE: AN APPLICATION SYSTEM IN TODAY'S ENVIRONMENT.
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SECTION

1.0

2.0

3.0

NEEDS ANALYSIS DOCUMENT

TABLE OF CONTENTS
TITLE '

SCOPE

DOCUMENTS

REQUIREMENTS

3.1 OVERVIEW

3.2 NEEDS FOR THE FoF

3.3 IMPLEMENTATION STRATEGY
3.4 NEEDS NOT ADDRESSED

3.5 PERFORMED ACTIVITIES

3.6 GENERAL FoF NEEDS CATEGORIES

3.6.1 INFORMATION RESOURCE MANAGEMENT

3.6.2 MANAGEMENT AND CONTROL

Gk e T e < on - Mo
-

PAGE

-1

2-17

3~20

3-20

3~22
3-23

3-~-24
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TABLE OF CONTENTS |
SECTION TITLE | | PAGE
3.6.3 PRODUCT DEFINITION AND SLANNING | 3-27
3.6.4 PRODUCT ASSURANCE | 3-29
R 3.6.5 HUMAN RESOURCE MANAGEMEMT  2-3D
' 3.6.6 MATERIALS MANAGEMENT | 3-32
v 3.6.7 FIMANCIAL MANAGEMENT ~ 3-3a
3.7 RELATION OF GENERAL NEEDS TO FoF - 3-35
P ~ FUNCTIONS |
) 3.8 CONCLUSION | 3-49
APPENDIX A - DETAILED DISCUSSION OF FoF GOALS | A-1
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¢ COALITION -~ FRAMEWORK “STORYBOARDING”
© MANAGERIAL AND TECHNICAL INTERVIEWS

9 NEEDS/OPPORTUNI.TIES FOR IMPROVEMENT

. CE1-V

o IMPROVEMENT CONCEPTS REQUIRED

® ENABLING TECHNOLOGY REQUIRED
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AERCSPACE MEMBERS TEST APPROACH (cont'd)

e IMPROVEMENT CONCEPTS ANALYSIS BASELINE
B e MANTECH

e ICAM

TET-Y
@

TECH MODS

o AEROSPACE

e COMMERCIAL
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FoF NEEDS

® Two HUNDRED mmALLv lDENTlF!ED (200)

® THIRTY SEVEN MAJOR AREAS (3?;

® SEVEN NEEDS CATEGORIES

it 20 Al 23 B
e s et BT )
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NEEDS ANALYSIS RESULTS

® REDUCE PRODUCT COST AND LEAD TIME
- MARKETING
- MANAGING
- DESIGN AND ENGINEERING
= PROVISIONING
- PRODUCTION
- LOGISTICS

SE1-Y

® IMPROVED FACTORY INFORMATION MANAGEMENT AND COMMUNICATION

- FASTER, MORE ACCURATE INFORMATION FLOW
- GREATER USE OF COMMON INFORMATION

- iMPRGVED USER ACCESS TO REQUIRED INFORMATlON
- IMPROVED INTEGRITY OF INFORMATION o

- IMPROVED DEFINITION OF RESOURCE REQUEREME‘NTS’
- BETTER INFORMATION ON RESOURCE USE"

= ——— T T T M T T T T T R ek el s .
T R 8 ot g o2 oy . . = -
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= IMPROVED FLEXISILITY AND RESPONSIVENESS

® IMPROVED MANAGEMENT

- INCREASED JOB SATISFACTION

- BETTER USE OF PERSONNEL SKILLS
- MMORE EFFICIENT USE OF RESOURCES

L4

- MORE EFFICIENT MANAGEMENT OF
°* PROPOSALS

e MATERIAL FLOW
¢ MAINTENANCE
® TRAINING

-
~

- CLOSER COORDINATION OF SCHEDULES AND PRIORITIES

"

¢ TACTICAL & OPERATIONAL PLANS

o an s eatia 8 aes B e G AN AL GONR BT
UORTNPINN

- IMPROVED TRANSLATION OF STRATEGIC BUSINESS PLANS

y861 2unf 67
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® MORE CONSISTENCY WITH BUSINESS PLANS

- IMPROVED FINANCIAL MANAGEMERNT METHODS
' ¢ ROJ AND ROA ANALYSIS

s (MPROVED COST TRACKING

o iMPROVED BUDGET PLANNING AIDS
IMPROVED FORECASTING METHODS

H

! ) ®
: -

i ‘

]

- IMPROVED MANAGEMENT OF TECHNOLOGICAL CHANGE

‘ o BETTER TECHNCLOGY IDENTIFICATION
1

¢ IMPROVED METHODS OF EVALUATION
e IMPROVED PLANNING -

Le1-¥

o IMPROVED CONTROL OF IMPLEMENTATION

- IMPROVED DECISION SUPPORT

!

|

§ - BETTER PRODUCT ASSURANCE INTEGRATION AND OPTIMIZATION
% ;

% o BETTER METHODS TO IDENTIFY REQUIREMENTS

(!

i

%861 sunf 67
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BETTER SIMULATION TOOLS

BETTER OPERATIONS RESEARCH TOOLS
BETTER EVALUATION CONCEPTS

IMPROVED HUMAN RESOURCE MANAGEMENT

- BETTER ORGANIZATIONAL PLANNING

8ET-V

- BETTER USE OF HURIAN RESOURCES
- = GREATER JO3 SATISFACTION AND MOTIVATION

- LONG TERM MEASUREMENT AND REWARD SYSTEM
- BETTER RECRUITING

- BETTER ORIENTATICN AND TRAINING
- BETTER CAREER DEVELOPMENT

® IMPROVED FUNCTIONAL OUTPUT

- MARKETING

e L P Rl g e
AN R T el

yg61 ®unf 62
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NEEDS ANALYSIS RESULTS (cont'd)
1 e PROPOSALS

; o MARKET INTELLIGENCE

: - PRODUCT DEFINITION AND PLANNING

« ¢ IMPROVED PRODUCT DESIGNS

e [MPROVED MANUFACTURING PLANS
o (MPROVED EQUIFMENT AND FACILITIES DESIGH

e o st B AL

it . - PROVISIONING

8 * BETTER FACILITIES

e BETTER EQUIPMENT

~ e BETTER TOOLS

e BETTER MATERIALS

1; g o GREATER FLEXIBILITY 35
+ PRODUCT CHANGE £%
/] | o PROCESS CHANGE %%
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NEEDS ANALYSIS RESULTS (cont'd)
- MANUFACTURING

¢ PRODUCT QUALITY

¢ SCHEDULE PERFORMANCE
- LOGISTICS

¢ CUSTOMER SUPPORT

¢ CUSTOMER TRAINING

o KITS AND SPARES

T
-
»
o
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INFORMATION RESOURCE MANAGEMENT
MANAGEMENT

PRODUCT DEFINITION AND PLANNING
PRODUCT ASSURANCE

HUMAN RESOCURCE MANAGEMENT
MATERIALS MANAGEMENT |
FINANCIAL MANAGEMENT

7S
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® FoF MANAGEMENT

- CONCEPTS
~OBJECTIVES

-~ CONTROLS

® AVAILABLE TECHNOLCGIES
~ WHEN USED

ri-y

= LOGICAL IMPLEMENTATION SEQUENCE

® PHYSICAL FACTORY RESOURCES
= LIMITATIONS

- OPPORTUNITIES

® COMMUNICATION AND INFORMATION MANAGEMENT
=~ NEW CONCEPT IMPLEMENTATION
= AFFECT ON FACTORY

REF: 3.3 pg 3-17

?861 Bunp 4z
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@ FINANCIAL MANAGEMENT
- NEW ACCOUNTING METHODS
- DIRECTION AND CONTROL

® FUNCTIONS/ACTIVITIES |
- WHAT WILL BE ADDED, DELETED OR CHANGED .
- HOW SHOULD OLD BE PHASED OUT AND NEW PHASED IN

cvi-v

© ORGANIZATION STRUCTURE

- NEW TECHNOLOGY APPLICATION CHANGED
- HUMAN SKILL REQUIREMENT CHANGES

e - o A WAk ap Arin R L YR me o A OFW Ldten AT v WARML. et -

‘ygs1 eunr 62
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® ENVIRONMENTAL CONDITIONS

- TECLNOLOGICAL

ECONO#IC

REGULATION

- PHYSICAL ENVIRONMENT

L4 4% |

- MARKET

© MANAGEMENT STYLE

~ REQUIRED CHANGES

- IMPLEMENTATION STRATEGY

REF: 3.4 2G 3-20

NEEDS NOT_ADDRESSED

¥361 sunf €7
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NEEDS ANALYSIS

INFORMATION RESOURCE MANAGEMENT (IRM)
AND INFORMATION TECHNOLOGY ESSENTIAL

MANAGEMENT AND IRM SEPARATiON 18POSSIALE

ENGINEERING FUNCTION COMBINATION EﬁbENT!AL

QUALITY IS PRODUCTIWTY FAST TRACK

CULTURAL CHAMGE MANAGEMENT VITAL

MATERIALS MANAGEMENT CRITICAL

© DIRECT vs INDIRECT MANAGEMENT CRITICAL

13'3'.’&’1’;5&&.;..{4; '.X‘L:r“t?‘?ﬁlé‘.‘ . e

REF: 3.7 PG 3-35
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< . 3.12 Project 1105, Task B, State-of-the-Art Review (Presentation)
l This section contsins the Task B, State-of-the-Art Document
t presentation given by R. L. Diesslin.
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ICAM PROJECT PRIORITY 1105

ESTABLISHMENT OF THE FACTORY OF THE FUTURE FRAMEWORK

STATE-OF-THE-ART DocuMENT ReVIEW

Tasx B CoaLiTiON MEETING

May 4, 1983
Dayton, Odio

By

R, L. DiessLin
J. CHURCH

11T ResearcH InsTiTUTE

e c——

1 et dawae m

ve61 eunl 62
foc001S0TTALE




er1-v

g 2 : , .
”[}U‘,gﬁ i ~ INTRODUCTION TO THE STATE-OF-THE-ART SURVEY

PURPOSE: TO INVESTIGATE THE STATE-OF-THE-ART TECHNOLOGY
WHICH SUPPORTS THE FACTORY OF THE FUTURE (FoF)

FOCUS; FACTORY MANAGEMENT LEVEL

Scope oF THE SOA SURVEY:

PRIMARY: MOST CURRENT TECHNOLOGY WITH A DEMOHSTRATED
POTENTIAL FOR COST EFFECTIVENESS

SECONDARY: LEADING EDGE TECHNOLOGY WITH A POTENTIAL FOR
' DEMONSTRATING COST EFFECTIVENESS BY 1995

EMPHASTS: COMMERCIALLY AVAILABLE TECHNOLOGY

y861 sung €7
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nﬂTTE?ﬂ | INTRODUCT ION

CAPTURING THE STATE-OF-THE-ART:

-~ AIMING AT A MOVING TARGET

- A SNAPSHOT IN TIME

CONSTRAINTS:

WHILE MANUFACTURING NEEDS MAY REMAIN FOR
20 vears (IMPLEMENTATION CONSTRAINED) THE
SOA .15 CONSTANTLY CHANGING (INNOVATION
CONSTRAINED) . |

A-2
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AVAILABLE TECHNOLOGY

CONTROL IS COMPOSED OF:

1)
2)
3)
i)
5)
6)

PLAN Work

LoAD RESOURCES

ImPLEMENT PLAN

FeepeACK CONTROL INFORMAT 10N
MeASURE PERFORMANCE

Take CORRECTIVE ACTION

[ S—— l
. g@cg)
o8

3.1
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AVAILABLE TECHNOLOGY

18-V

INFORMATION/COMHUNICATIONS IS THE UNDERLYING ASPECT
OF ALL THAT IS DONE.

CONTROL IS A GENERIC ASPECT OF ALL THINGS THAT ARE DONE

THE DESIRE IS TO BE IN CONTROL

5.1
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nﬂifiiﬂ A.T./ INFORMATION RESOURCE MANAGEMENT

THE GLUE THAT BINDS

{BIS Neeps:

- NeutraL DATA STRUCTURES,

- ABILITY To COMMUNICATE
BETWEEN ACTIVITY AND
INFORMATION REPOSITORY.
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ﬂﬁifigﬂ AT./IRM/ DATA BASE MANAGEMENT SYSTEMS

DBMS: SOFTWARE SYSTEMS DEVOTED TO MANAGEMENT OF DATA INTERRELATICNSHIPS

/.___../ ( .'J _
0 . . |
: =
; :
o . 2
-
< " —

¢ o ~_

FYLE CABINET ‘ ENTITY CLASSES COMPUTER DISK
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BHRH AT.ZIRM/  DBMS
1) CentrALLY LocaTeD:
ACCESS PTS —
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n_‘ﬂ]ﬁﬂ A.T./1RM/DBMS - APPENDIX A

TYPES OF DBMS SURVEYED:

1) ReLATIONAL

2) NETWORKING

INFORMATION FORMAT:

DBMS Name:
VENDOR:

PRICE:

HARDWARE :

Type oF DBMS:
HosT LANGUAGE:!
Dava DeriniTiON:
DATA Access:
DATA INTEGRITY:
Error HANDLING:
SECURITY;
SPECIAL FEATURES:

3.1.1.1
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ﬂﬂTrﬁgﬁ COMPUTER NETHORKS

o PROLIFERATING SINCE MID-TO-LATE 1970's

o MOST COMMON OF THESE HAVE BEEN BASED ON OFF-THE-SHELF
HARDWARE

USING HARDWIRE LINKS OR TELEPHONE MODEMS

e EARLY VERSIONS BASED ON HIERARCHICAL STRUCTURES

UseD IN PROCESS CONTROL AND TRANSACTION
PROCESSING ENVIRONMENTS

SOME COMBINED HIERARCHICAL STRUCTURES
WITH BUSES AND LOOPS

o SYSTEMS BASED ON OTHER INTERCONNECT STRUCTURES HAVE
EVOLVED TO MEET THE DIVERSITY OF PROCESSING REGUIREMENTS

3.1,1.2
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nnifﬁgﬂ DBMS: 12 INCLUDED IN SUMMARIES
1) ENCOMPASS 7) PRIME DBMS
TANDEN CoMPUTERS, INC. Prime CoMPuTER, INC,
RELAT 1ONAL NETWORK
2) ORACLE 8) DM-1v ' .
' RELATIONAL SoFTWARE, INC. HoNeyweLL INFoRMATION SysTems, INC.:
PELATIONAL NeTKORK '
3) DATACOWDB 9)  INGRES
ApeL1eD DaTA RESEARCH ReLAaT1oNAL TECHNOLOGY, INC,
RELAT1ONAL RELATIONAL
4) NOMAD 2 - 10) SEED
NationaL CSS . ' INTERNATIONAL DATA BAse Systems, Inc. .
RELATIONAL NeTWORK
5) SQL/DS ; 11) TOTAL .
IBM CINCOM SysTems, Inc.
RELAT1ONAL NETWORK
6) INQUIRE anp IQ/NET 12) DBMS-10, DBMS-20
INFODATA SysTems, Inc, DiciTaL EquipMeENT CoRrP,
ReELAT IONAL CODASYL Network

3,111
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i?ﬂ DBMS: 12 INCLUDED IN SUMMARIES

1)

2

3)

4)

5)

6)

ENCOMPASS
Tanpen CoMPUTERS, INC.
RELATIONAL

ORACLE
ReLATIONAL SOFTWARE, INC,
RELATIONAL

DATACOM/DB
AppL1ED DATA RESEARCH
ReLATIONAL

NOMAD 2
NationaL CSS
RELATIONAL

SQL/DS
IBM
ReLATIONAL

INQUIRE anp IQ/NET
INFODATA Systems, Inc,
RELATIONAL

7)

8)

9)

10)

11)

12)

PRIME DBMS
Prive Computer, INC.

NeTwork

DM-1V
HoneyweLL InFormaTION SysTems, Inc,
NETWORK

INGRES
ReLATIONAL TecunoLoGy, INC,
ReLATIONAL

SEED

INTERNATIONAL DATA BASe SystemMs, INc,

NETWORK

TOTAL .
CINCOM Systems, Inc.
NETWORK

DBMS-10, DBMS-20
DicitaL EquipMeNT Corp,
CODASYL Network

3.1.1.1
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A.T./IRM/ COMPUTER NETWORKS

HOST
“CPU

LINKING INFORMATION PHYSICALLY IN THE FACTORY

INTERCEPTED
& RELAY

"Tappep” '
LINE

9861 oung 62
Nn0o00TSOTTVL
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COMPUTER NETWORKS

THE FOLLOWING MAJOR TECHNOLOGIES ARE PARTICULARLY RELEVANT
TO TRENDS IN COMMUNICATION NETWORKS:

e ETHERNEI

- LOCAL AREA NETWORKS AND THEIK : :TERGONKECTION
> SPEED AND CONNECTION TO OTHER NETWORKS

@ HYPERBuUS

- LOCAL AREA NETWORK COMMUNICATION SYSTEM
> sPEEDY (BUT EXPENSIVE)

¢ THE INTELLIGENT CaBie (TIC)
> BROAD BAND (FLEXIBILITY)

3.1.1,2
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AT/IRM/  NETWORKS

TABLE 3-1

Representative Local Area Networks

Vendor/developer Topology Access method
Cambridge Cambridge Univ. ring TOMA {token)
Clusterbus Nestar Sys. bus TOMA (CSMA)
Etherret Xerox Corp. bus TDMA (CsMa/cD)
Flashnet Ford Aerospace ring TOMA {token)
HYPERchannel Network Sys. Corp. bus TOMA (CSMA/CD)
ILLINET Univ. of I114nols ring TOMA (token)
LCS ring MIT ring TDMA (token)
MITRENET Mitre Corp. bus FDM, TDMA
(CSMA/CD)
MODWAY Goul d-Modicon bus TDMA (token)
Net/One Ungermann-Bass, Inc. bus TOMA (CSMA)
WangNet Wang Laboratories, Inc. bus - FDM, TDMA
_ . (polled)
2-NET Zilog Corp. bus TOMA (CSMA/CD)

3.1.1.2

“OLY BUNS &7



191-¥

AT T . o o
R T U OO

TR

AT/IRM/ USER INTERFACE

HARDWARE AND SOFTWARE CAPABILITIES TO PROVIDE. EASE OF OBTAINING

AND SUPPLYING INFORMATION

HARDWARE INTERFACE

- Human INTERACTION
- MACHINE INTERACTION

SOFTWARE [NTERFACE
- User FRIENDLINESS
- HieH LEVEL LANGUAGE PROLIFERATION

ADVANCING TECHNOLOGY
- 5TH GENERATION COMPUTERS
- ARTIFICIAL INTELLIGENCE
- PArRALLEL CoMPUTING

3.1,1.3
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AT/IRM/ USER INTERFACE

HARDWARE - HUMAN INTERFACE (W1TH CAD):

—

SOLIDS MODELING
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BUILDING BLOCK SYSTEMS ' BOUNDARY REPRESENTATION
CONSTRUCTIVE SOLID GEOMETRY
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RASTER GRAPHICS
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HWRH AT/IRM/ USER INTERFACE

HARDWARE - MACHINE:

0 ProGRAMMABLE CoNTROLLERS (PC):

- HAVE KEPT UP WITH TECHNOLOGY

- SOONER OR LATER EVOLVE TO HIGH-LEVEL LANGUAGE
(vS. RELAY-LADDER LANGUAGE)

0 Work StiLL Neepep;

- [/0 INTERFACE STANDARDS
PC’'s TO TIE INTO DATA BASES

3.1,1.3,1.2
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5tH GENERATION COMPUTERS

- INTELLIGENT INTERFACE
- KnowLEDGE-BASED MANAGEMENT
- ProBLEM SOLVING AND INFERENCE

3.1.1.4
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HKERH AT/1RM/ USER INTERFACE

SOFTHARE INTERFACE:

o USER FRIENDLY IS NORMATIVE
o PROLIFERATION OF HIGH-LEVEL LANGUAGES

Basic PascaL
FORTRAN PL-1
CopoL Erc.

- SOFTWARE IS BECOMING PRIME. BOTTLENECK IN
DEVELOPING COMPUTER SYSTEMS

o IS ADA THE ANSWER?

- Even 1F YES, 70O FAR AWAY TO BE PRACTICAL

o MEANWHILE, APPLICATION SPECIFIC LANGUAGES HOLD LIMITED PROMISE

- 1.E., VisicaL Apvise 1100 (PROGRAMMER SUPPORT)
Mapper (UNIvac) Etc. -

3.1.1.3,2
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AT/IRM/ ADVANCING TECHNOLOGY

ARTIFICIAL INTELLIGENCE:

MIMIC OR SUPPLEMENT HUMAN INTELLIGENCE IN A
DECISION-MAKING CONTEXT

1) KnowLEDGE BAsEe

~ SET OF INFORMATION (DATA) AND ITS INTERRELATIONSHIPS
(DBMS LIKE)

2) INFERENCE PROCEDURE

~ "ReASONING”/LEARMING CAPABILITIES

~ HypPOTHESIS MODIFICATION UNTIL APFROACH FOUND
THEN TRANSLATED INTO A PROGRAM AND RUN

THE DEFINITION OF Al IS FLUID:

- VISION CAPABILITIES NO LONGER CONSIDEReD Al -
- VOICE ENTRY BECOMING LESS AND LESS AN Al

IN FACT, THEY ARE NOW BECOMING CONSIDERED AS

SOPHISTICATED INPUT MECHANISMS o 3.1.1.4.1

v861 sung 67
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ﬂnﬁﬁn | AT/IRM/  ADVANCIXNG TECHNOLOGY

PARALLEL COMPUTING:

SERIAL COMMUNICATIONS CHANNEL BETWEEN THE CPU AnD RAM

THESE MACHINES ARE USUALLY DIVIDED UP iNTO:

MULTIPLE SPECIAL PURPOSE FUNCTIONAL UNITS
AsSoCIATIVE PROCESSORS (EG. KEY WORDS, ETC)
ARRAY PROCESSORS

DATA FLOW PROCESSORS

END STORAGE PROCESSORS

DATA BASE PROCESSORS

3.1,1.4.2
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AT/1RM/ ADVANCING TECHNOLOGY

AT My ] GETTT.RGNS WS TV Y ve Y S

ARTIFICIAL INTELLIGEKCE {CoNTINUED)

NATURAL LANGUAGE SYSTEMS:

o InteLtect (Al Core)
0 Pranes (U.S. Navy)
0 SRI WORKING A GENERAL PURPOSE SYSTEM

INTELLIGENT OR EXPORT SYSTEMS:

1) ProbucTioN SysTeEMs

- MODULAR KNOWLEDGE REPRESENTATION SCHEMES

- BaseD oN RuLes (CALLED PRODUCTIONS)

- IN THE FORM OF CONDITICN-ACTION PAIRS
(IF, THEN = FORMALISM)

2) FRAME-BASED SysTims

- DECL/RATIVE WAY OF RELATIVING FACTS IN NETWORKS
1.E., GrRour TecHNOLOGY SysTeMs {CLASS & COLING)

3.1.1,4,1
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AT/IRM/  ADVANCING TECHNOLOGY

-

P S N O L N

i

PROBLEMS WITH PARALLEL STRUCTURES:

- DESIGNING EFFICIENT 30FTWARE 1S DIFFICULT

INTERCONNECTION DEVICES MAY COST MORE THAN THE COMPUTER ITSELF

APPROACHES TO FAST COMPUTING:

1) Fast CoMPONENT APPLICATIONS

2) PArRALLEL STRUCTURES (E.G., SHARED CPU’s)

SUPER COMPUTERS ARE SUPER IN PERFORMANCE AND:

0 COST OF HARDWARE
0 . COMPLEXITY

3.1.1.4,2
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mﬁ]ﬂﬂ o APPLICATIONS TECHNOLOGY

DEFINITION: COMMERCIALLY AVAILABLE TECHNOLOGY WHICH ADDRESSES THE
SEVEN HEEDS CATEGORIES

LEVEL ONE:

o ICAM SUBSYSTEMS TECHNOLOGIES IDENTIFIED IN
PREVIOUS S,0,A, SURVEYS

LEVEL TWO:

SUMMARIZED IN TERMS OF FOF GENERAL MANAGER
LEVEL :

PROVIDES CONTINUITY AMONG PROJECTS

TAKES ADVANTAGE OF PREVIOUS WORK DONE IN
ICAM eFForT

AsSISTS IN BINDING SUBSYSTEMS TOGETHER
iNTo THE FoF conText - L

o INTEGRATED SYSTEMS TECHNOLOGIES

A VIEW OF COMMERCIALLY AVAILABLE ATTEMPTS
AT TOTAL FACTORY. SYSTEMS INTEGRATION

Key 1o FoF S.0.A.
VIEWED IN TERMS OF FOF MAJOR FUNCTIONAL AREAS

3.1.

¢861 sunf 67
Nn0000150T 1YL



L L

o ISR L a4 Tl

et il e s [N SR ST IRk S PPy

T-v

ﬂﬂﬁﬁﬁ SUBSYSTEMS TECHNOLOGY

THE SOA OF FACTORY LEVEL MANAGEMENT/INTEGRATION HAS LAGGED
CONSIDERABLY BEHIND ADVANCEMENTS MADE IN DISCRETE ELEMENTS
OF THE FACTORY STRUCTURE.

e MosT OF THE DISCRETE BUILDING BLOCKS OF THE FoF
HAVE BEEN AT LEAST IDENTIFIED, IF NOT DEVELOPED
OR MADE COMMERCIALLY AVAILABLE,

o IN COMPARISON, RELATIVELY LITTLE HAS BEEN DONE
TO DESIGN AND IMPLEMENT AN INTEGRATED FACTORY

LEVEL MANAGEMENT STRUCTURE., THE REASONS ARE
STRAIGHTFORWARD ¢ o '

- 1T 1S EASIER TO DEVELOP DISCRETE AREAS
FIRST

- 1T IS OVERWHELMING TO CONVERT AN ENTIRE
OPERAT ION

- 17 1S RISKY TO INVEST MASSIVELY IN THE FACE
OF ECONOMIC AND MARKET UNCERTAINTIES

- [T REQUIRES A HIGH LEVEL COMMITMENT

5.1.2
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ﬂu URH INTEGRATED SYSTEMS TECHNOLOGY

THE TSLANDS:

. 3‘1'.
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LINKAGE ;

o HEWLETT PACKARD “MANUFACTURER'S PRODUCTIVITY NETWORK”
e G.E. "FACTORY WiTH A FUTURE"
o Sperry UNivac "Unis”: AN INTeGrRATED CAD/CAM SysTem

o OTHERS VIA ACOUISITION, MERGERS AND EXPANSION

3.1.2
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KEY DIFFERENCES BETWEEN INTEGRATED VS STAND-ALONE SYSTEMS

o INCREASED ACCESSIBILITY AND SHARING
o INCREASED FLEXIBILITY AND RESPONSIVENESS

o IMPROVED INTEGRITY AND TIMELINESS

. v361 ®UNL 62
N0co0TS01TELA
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ﬂ[ﬁﬁﬂ 1.5.T.: &——> PROVIDE CUSTOMER LIAISON (A1)

ProviDE
CusTOMER

LIAISON AuD
SERVICES

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE:

o ManNAGEMENT AND CoNTROL -

- IMPROVED PROPOSALS
~ IMPROVED CONTROL OF MARKETING ACTIVITIES °
~ IMPROVED MARKETING SERVICES

o Probuct DEFINITION AND PLANNING

- REDUCE COST AND LEAD TIME FOR MARKETING ACTIV!TIES

3.1.2.1
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STATE OF INTEGRATED SYSTEMS:

o MARKETING MopuLES ARE DIRECTED TO HIGH VoLume COMMERCIAL
AND ConsuMer PropucT INDUSTRIES

= RESULT: * FEATURES RELATING TO CONTRACT OPERATKONS
' ARE ABSENT '

o MARKETING MopuLES HAVE:

- ORDER TRACKING CAPABILITIES
~ SCHEDULE IMPACT EVALUAT!ON
- CosST AND BILLING FEATURES

—

o NoNE OF THE MARKETING MODULES HAVE:

- PRODUCT DEFINITION AND PLANNING

3.1.2.1

*RAT BuUne &2




S r el de -

e

~

B SRS PO 2y

~

?ﬁ;aﬁl_‘m« 5 DNl ol MR A,

Fiﬂ [.S.T.: MANAGE F/ACTCRY OF THE FUTURE (A2)
MANAGE
FACTORY
—— —
OF THE
FUTURE
THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: CORRESPONDING MODULES ARE:
¢ ManaceMeNT AnD ConTROL R ¢ MasTer ScHEDULING
~ IMPROVED TRANSLATION OF STRATEGIC o CAPACITY PLANNING
PLANS
e MATERIAL REQUIREMENTS
- [MPROVED MANAGEMENT OF RESOURCES PLANNING
AND TIME | '

o  Probuction ConTROL
- IMPROVED MANAGEMENT OF TECHNOLOGICAL ~

CHANGE - WORK ORDER SCHEDULING

. ' - SHOP FLOOR DISPATCHING -
- IMPROVED DECISION SUPPORT

- WORK NRDER TRACKING
o PropucT ASSURANCE
o Human ReSOURCE MANAGEMENT

o FiINANcIAL MANAGEMENT

5.1.2.2
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STA%E OF INTEGRATED SYSTEMS:

o PriMARY OBJECTIVE Is To Provibe MANAGEMENT AND CONTROL
- FEEDBACK CONTROL FUNCTIONS ARE WEAK, BUT PROVISIONS TO GROW

- .NEEDS IN THIS CATEGORY SATISFIED' EXCEPT IMPROVED MANAGEMENT OF
TECHNOLOGICAL CHANGE ‘

o ONLY ONE SysTeEM ADDRESSES ProbucT ASSURANCE
- ENGINEERING ANALYSIS AND ENGINEERING DATA COLLECTION SYSTEM

- ABILITY TO SELECT, CORRELATE AND REPORT RESULTS ON ACTUAL PROCESS’
PARAMETERS -

- TRACEABILITY CAN BE MAINTAINED
- A MODEL SYSTEM

¢ HumMAN Resource MANAGEMENT; ALL SYSTEMS TO A REASONABLE DEGREE:
- REDUCE THE NUMBER OF MUNDANE JOBS |
- ENHANCE THE DECISION SKILLS OF PERSONNEL
- IMPROVE COMMUNICATION

o No MoburLes ReLATE 1o ORGANIZATION STRUCTURE, MOTiVATION AND SKILL

e ALl Svystems ADDRESS FINANCIAL MANAGEMENT
- APPROACHES VARY SIGNIFICANTLY

3,1.2.2
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1.5.T.: DEFINE PRODUCT AND PRODUCTION TECHNOLOGY REQUIREMENTS (A3)

l

DerFiINE

o PRODUCT AND -
PropucTION

TecH, RaMts

THE PRIMARY‘DRIVERS OF GENERIC NEEDS ARE:

o MANAGEMENT AND ConTROL
- |MPROVED CONTROL OF ENGINEERING ACTIVITIES

@ Propuct DEFINITION AND PLANNING

REDUCED COST AND LEAD TIME FOR ENGINEERING

IMPROVED PRODUCT DESIGNS
IMPROVED MANUFACTURING PLANS
IMPROVED EQUIPMENT AND FACILITIES DESIGN

5,1.2.3
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STATE OF INTEGRATED SYSTEMS:

o Acr Systems Have CAD anp CAE MobuLEs
- No SYSTEM CAN BE USED FOR ALL TYPES OF PRODUCTS

- LINKS FROM INTEGRATED ENGINEERING TO OPERATIONAL PLANNING AND
CONTROL ARE NOT COMPLETE, BUT SOME ARE MOVING IN THAT DIRECTION

o Tue Sysveus Do Provipe l«prOVED CoNTROL OF ENGINEERING ACTIVITIES
- BETTER USE OF PERSONNEL SKILLS

- MORE EFFICIENT USE OF RESOURCES

- CLOSER COORDINATION OF ENGINEERING PRIORITIES' AND SCHEDULES

o Not CLeArR THAT THEY Provipe More CONSISTENCY WITH BusiNess OBJECTIVES

o THE OsJecTive ofF THESE MopuLes Is To:

- REDUCE COST AND LEAD TIME FOR ENGINEERING
~ IMPROVE PRODUCT DESIGN

- IMPROVE MANUFACTURING PLANS

o FEquipMENT AND FACILITIES DESIGN 1S AN AREA OF WEAKNESS
- ONLY ONE SYSTEM EVEN ADDRESSES THIS AREA

3.1.2.3

yE61 sunf 62
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nn‘ﬁﬁﬂ e :‘I.S.T.: PROVIDE RESOURCES (AY)

l

: PROVIDE o
3 — | Resources -
THE PRIMARY DRIVERS OF GENERIC NEEDS ARE: | 'THEiCORRESPOND!NG MODULES ARE:

o ManAGEMENT Anp ConTROL ‘8 INVENTORY MANAGEMENT
- IMPROVED CONTROL OF PROVISIONING C ’
& MaTeriaL Issues AND RECEIPTS
ACTIVITIES : :

swe @

@ PurcHASE ORDER TRACKING
o Propuct DEFINITION AND PLANNING

- IMPROVED FACILITIES, EQUIPMENT
AND TOOLS

o HuMaN ReSOURCE MANAGEMENT

; ' o MATERIALS MANAGEMENT

- REDUCE COST AND LEAD. TIME FOR PRO-
VISICNING RESOURCES

- IMPROVE RAW MATERIAL AND PURCHASED
‘COMPONENTS

3,1.2.4
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STATE OF INTEGRATED SYSTEMS:

o The MopuLes ARe Destoned To IMPRovE CoNTROL OF PROVISIONING ACTIVITIES
o Tue MopuLes Do Nor Appress
- THE QUESTION OF IMPROVED FACILITIES, EQUIPMENT AND TOOLS
- HuMAN RESOURCE MANAGEMENT IN TERMS oF:
> BETTER RECRUITING OF KEY PERSONNEL .
> BETTER ORIENTATION AND INHOUSE TRAINING
> BETTER INCENTIVES AND EMPLOYEE MOTIVATION
> IMPROVED UTILIZATION OF EMPLOYEE SKILLS AND CAREER DEVELOPMENT

¢ A MaJor OBJecTiVE ofF THE MopuLes 1s To Repuce CosT Anp Leap TimMe

- THE APPROACHES To IMPROVING RAwlMATERIAL AND PURCHASED COMPONENTS
VARICS CONSIDERABLY '

- SOME HAVE EXTENSIVE VENDOR RATING SYSTEMS

3,1.24
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URH 1.5.T.: PRODUCE PRODUCT (AS)

|

PrRODUCE

ProbucT . ' 

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE:

s ManaGeMENT AND CONTROL

- REDUCE COST AWD LEAD TIME OF MANUFACTURING ACTIVITIES
-~ IMPROVE RESULTS OF MANUFACTURING

~ |MPROVE MANAGEMENT OF MANUFACTURING ACTIVITIES

¢ Propuct DEFINITION AND PLANNING S

3.1.2.5

7851 9Inf 62T
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| ﬂn'ﬂ?ﬁn | | 'I..I.S.T.: PRODUCT PRODUCT (A5)

STATE OF INTEGRATED SYSTEMS:

o OreraTiON PLANNING AND CoNTROL MODULES

- THE_MORE ADVANCED ARE GEARED FOR FACTORY AND PLANT
AUTGMAT ION ‘

o THE MopuLes ARe DesiGNED To Repuce CosT Anp LEAD TiME THROUGH:
- BETTER LOADING ' |
- BETTER SCHEDULING
- MONITORING PERFORMANCE

o ONE SysTem CAN ANALYZE ENGINEERING AND PRopuUCTION DATA
" - SHOULD LEAD TO HIGH QUALITY |

3.1.2.5]
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[Iiiﬂ 1,5.T,: PROVIDE LOGISTICS SUPPORT (A6)

l

| Provibe .
~—= loGisTics |—*

SuPPORT

THE PRIMARY DRIVERS OF GENERIC NEEDS ARE:

o ManaGEMENT AND CoNTROL
~ REDUCE COST AND LEAD TIME
~ IMPROVE CONTROL

o PRropucT ASSURANCE
- IMPROVED FIELD SUPPORT

STATE OFYINTEGRATED SYSTEMS:

o ConsIDERED A MARKETING FuncTioN rFor CoNSUMER AND COMMERCIAL PRODUCTS

o Existing MopuLes Can:
- BE USED TO PREPARE PRODUCT MANUALS
- FORECAST REPLACEMENT PARTS
- IvPROVE PRODUCT DESIGN

3.1.2,6
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o TECHNOLOGY VOIDS OR TECHNOLOGY AREAS ﬂHlCH ARE NOT AVAILABLE TO
SUPPORT SUBSYSTEM REQUIREMENTS CAN BE PRIORITIZED IN TERMS OF
COST AND PERFORMANCE DRIVERS AND HUMAN FACTORS

o TECHNOLOGY VOIDS AS THEY RELATE TO THE FoF CANNOT BE SO EASILY
COMPARTMENTALIZED AND PRIORITIZED

- THEY cAN BE IDENTIFIED BY NEED CATEGORIES

~ BuT, BECAUSE OF THE INTERACTION BETWEEN NEEDS, AND
OFTEN LONG-RANGE IMPLICATIONS, IT IS NOT POSSIBLE

TO MEASURE THE IMPACT OF FULFILLING THE INDIVIDUAL
NEEDS ~ ’ '

3.2
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Uﬁn TV: INFORMATION RESOURCE MANAGEMENT NEEDS CATEGORY

THE BASIC INFORMATION NEEDS ARE:

o A MecHANISM FOR INTEGRATION

¢ PROVISIONS FOR DISTRIBUTED DATABASES
(ON DISTRIBUTED MACHINES)

¢ FLEXIBILITY. TO THE EnD UsEers
¢ RepuctioN oF THE NEeD FOR SOFTWARE

o IMPLEMENTATION PuaN WHicH WiLL:
- MINIMIZE INITIAL IMPACT
‘- BE ABLE TO EVOLVE

THE VOIDS ARE:

"ProcepURE For CONVERTING A

PROLIFERATICH OF INDEPENDENT
DATABASES INTO AN INTEGRAL
SYsTEM

HaRDWARE AND SOFTWARE ProTo-
coL Stanparps  (SEMD)

COMPATIBLE HARDWARE
CUSTOMIZABLE SYSTEMS

COMMERCIALLY AVAILABLE TECH-
NOLOGY FOR lMPLEMENTATlON

3.2.1
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ﬂJ | m Vi FACTORY WANAGEVENT NEEDS CATEGORY

BASIC CONTROL NEEDS ARE:

e TrueLy Crosep-Loop SysTeMs

® TiMELY-ACCURATELY-READILY AVAILABLE
ConTroL INFoOrRMATION FOR DECISION
SuPPORT

o ImproveD LEveL oF ConTROL SySTEM
Response To CHAHGE -

o Improvep TooLs ForR DECISION SupPPORT

BASIC VOIDS ARE:

CoMPATIBLE MECHANISMS FOR
Data CoLLECT!ON

Reat TlME DATA CoLLECTION

" HARDNARE AND SOFTWARE SUPPORT

ForR DATA COLLECTION

3.2.2
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TV: PRODUCT DEFINITION AND PLANNING HEEDS CATEGORY

PRODUCT DEFINITION AND PLANNING INVOLVES‘SEVERAL DISCIPLINES
(£.6,, INTERATIVE GRaPHICS, FINITE ELEMENT MODELING, SIMULATION)

A NEED FOR ALL DISCIPLINES TO BE HETWORKED QN A CCMMON OPERATING
SYSTEM |

ADVANCES IN OTHER INDUSTRIES MAY OR MAY NOT APPLY TO A FODERN,

HIGHLY COMPLEX AEROSPACE PROGRAM WITH THE VAST AMOUNT OF DETAIL
AND CHANGE ACTIVITY

THE GREATEST BARRIER TO IMPLEMENTATION 1S THE ORGANIZATIONAL IMPACT

3.2.3
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TV: PRODUCT ASSURANCE NEEDS CATEGORY

BASIC ASSURANCE NEEDS ARE:

BASIC VOIDS ARE:

IMPROVED ORGANIZATION INTERFACE g
During New Probuct INTRODUCTION

ImprovED QUALITY INFORMATION

Svsrsn

°
ErrecTive GA/QC FIeLD INFORMATION,
AcauisiTion AND UTiLIZATION oo ®
New Wavs oF Test AND INSPECTION o $

SoFTWARE QUALITY ASSURANCE

EFFecTIVE NECHANISHM OR
NeTwork BY WHicil INFCRMATION
Can Be CoLtecTep Anp Com-
MUNICATED

ErrecTive HisTorICAL DATABASE
"In-Line® QA/QC FuscTicns

SoFTWARE GUALITY ASSURANCE
MeTHops

3.2.4
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TV: HUMAN RESOURCE MANAGEMENT NEEDSICATEGORY

. BASIC NEEDS CENTER AROUND:

SkiLL REQUIREMENTS

INFORMATION NEEDS

ProbuCT Vs, Process "Focus”
INVOLVEMENT

ORGANIZATION STRUCTURE
MoT1vATION

BETTER AND LONGER-TERM PLANNING

ORGAN1ZATIONAL DEVELOPMENT

NEEDS ADDRESSED:

. & Repuction ofF Munpane JoBs
® Ennancing DECISION SKILLS

o IMproOVED COMMUNICATION

5.2,5
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TV: FINANCIAL MANAGEMENT NEEDS CATEGORY

61~V

BASIC FINANCIAL NEEDS ARE:

A New MeTHoD oF ACCOUNTING

A CONSOLIDATION AND STANDARDIZATION OF FINANCIAL DATABASES
AutoMATIC PART AND Resource CosT COLLECTION

IMPrOVED MEASURES OF PERFORMANCE/PRODUCTIVITY

Repuced Inventory CosTs

IMPrOVED MeTHODS OF PRODUCING AND PRESENTING FINANCIAL INFORMATION
FiNancTAL SysTeMs INTEGRATION WITH PropucTioN CONTROL SYSTEMS
TooLs For More AcCURATE BUDGETING '

IMPrOVED SYSTEMS FOR GENERATING ACCURATE MANUFACTURING COSTS FOR
PARTS AND WHOLE SYSTEMS (AND LINK TO ENGINEERING TRADE-OFF STUDIE:,

ForecasTinG Moper(s)

ImProveD TooLs For EvALUATING ROI/ROA

3.2.7
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TV: NMATERIALS MANAGEMENT NEEDS CATEGORY

BASIC MATERIAL MANAGEMENT NEEDS:

¢ IMPrOVE COMMUNICATION WITH
SUBCONTRAZTORS

¢ Repuction 1IN MATERIAL CoSTS

¢ IMPROVED WoRK-IN-PROGRESS
MANAGEMENT

¢ More EFFecTIvE FACILITIES AND
EQuiPMENT MANAGEMENT

BASIC VOIDS ARE:

e Not N THE TeciNoLOGY BUT
IN THE APPLICATION OF WHAT
1S AVAILABLE

& THE INCENTIVE TO [MPROVE
This Area

ve6l aunf 62
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DOCUMENT REQUEST FORMS
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ICAM CONCEPTUAL DESIGM FOR
COMPUTEX iNTEGRATED MANJFACTURING

OOCUMENT REGUEST ORDER FORM

SUBMIT DOCUMENT REQUESTS T0: AFWAL /MLTC
1CAM Program Library
Wright -Patterson AFB OH 45433

VOLUME NKUMBER AND CHECK

MANAGEMENT NUMBER TITLE OF BOCURENT (v

AFWAL-TR-84-4020, vol. 1, OVERVIEW . N )
FWAL-TR-84-4020, Vol. 2, FACTORY OF YHE FUTURE, PARTS 1-§ ( )

AFWAL-TR-84-4020, Vol. 3, INTEGRATCD COMTOSITES CENTER, PARTS 1-10 ( )

AFWAL -TR-B84-4020, Vol. 4, QUALTTY ASSURANCE MODELING, PARTS 1-6 { )

AFWAL -TR-84 -4020, Vol. 5, BENEFifS TRACKING, TECHNOLOGY TRANSFER (

AFWAL-TR-84-4020, Vol. 6, RECOMMENDATIONS FOR FUTURE PROJECTS ( )

PLEASE PRINT

NAME : HAIL CODE:

TITLE: |

DEPARTMENT:

COMPANY :

STREET or P. 0. BOX:

CITY: STATE: z1e:

REQUIREMENT FOR DOCUMENT

Document(s) requested for the purpose of (intended use and program/project application

must be provided):

Documents generated under the contract contain controlled distribution and export control

clauses.

I am a U.S. citizen. 1 am employed by a U.S. organization/company and am aware that the

use of these Air Force documents must comply with:

U.S. BXPORT CONTROL LANS

This document contains information for manufacturing or using munitions of ware Export
of the Information contalped herein or release to forelgn nations within the United
States without flrst obtalning an export license is a violation of the international
Traffic in Arms Regulations. Such violation 13 subfect to a penalty of up to 2 years

imprisonment and a fine of $100,000 under 22 USC 2778.

Signature: Date:

Telephone No.:




FACTORY OF THE FUTURE CONCEPTUAL FRAMEWORK

DOCUKENT REQUEST ORDER FORM

SUBHIT DOCUMEKT REQUESTS 10: AFWAL/MLTC ) .
1CAM Program Library
Hright -Patterson AFB OH 45433

VOLUME NUMBER ANO - CHeCK

MANAGEMENT NUMBER TITLE OF OOCUMENY (v~ )

S0 110512000 Scoping bovurent { 1

NHAD1, Y512000 Needs Analysis Document |

SAD110512000 State-of -the-Art Document C

SRD110512000 System Requirements Document { 3}

S$S 110512000 System Specification Document ( 3

MMR1I10512000 Conceptual Framework Document { )
PLEASE PRINTY

NAME ; MATL CODE:

TITLE:

DEPARTHMENT :

COMPANY:

STREET or P. 0. BOX:

Clvy: STATE: 1P

REQUIREMENT FOR DCCUMENT

Document(s) requested for the purpose of (intended use and prcqgram/project application
must be provided):

Documents generated under the contract contain controlled distribution and expor. controtl
clauses. o

1 ama U.S. citizen. 1 am employed by a U.S. crganizaticn/company and am aware that the
use of these Air Force documents must comply with:

U.S. EXPORT CONTROL LAWS

Thts document contatns information for manufacturing or using munitions of wace Export
of the information contalnzd hecetn or release to forelgn nations within the United
States wlthout first obtalning an =xport llcense is a violation of the international
Trafflc tn Arms Requlations. Svcic violation 1s subject to a penalty of up to 2 years
tmprisonment and a fine of $100,000 under 22 USC 2778.

Signature: Date:

Telephone No.:




INYEGRATED COMPOSITES CENTER
YT

DOCUREN] REQUEST GRDEP £0RM

1CA® Program- Library )
Wright-Patterson AFB OH 454332

| SUBKLY LUTUMENT REGUSSTS T0:  AFWAL/MLTC

VOLUME NUMBER ARD CRECK
MANAGEMENT NUMBER TITLE CF DOCUMENTY { v )
SD 110511000 Scoping Document { }
NAD110511000 Meeds Analycis Document { )
SED1105131000 Svstenm tnvironment Document { )
SADI1051100¢ State-of -the-Art Document ( )
SRD110511000 System Requirements Document ()
$S 110511000 System Specification Document L)
SDS110511C00 System Design Specification_ Document N o
BS 110511000 levelopment Specification Document {
STP110511000 System Test Plan Strategy ( )
1P 110511000 Implemertation Plan Strategy —_— {
PLEASE PRINT
NAME : ‘ MAIL cqa;. -
TITLE: s . .
DEPARTMENT : . ) L e
COMPANY :
STREET or P_ 0. BOX:
CITY: STATE: 2IP:

Document({s) requested for the purpose of {intended use and program/project application

REQUIREHENT FOR DOCUMERY

must be provided):

Documents generated under the contract contain controlled distribution and export control

clauses.

I ameg U.S. citizen.

use of these Air Force documents must comply with:

This document contains information for manufacturing or using munitions cof ware Sxport
of the informatlon contalned herein or relcase to forelgn nations within the United
States without first obtaining an export license ls a violation of the international

Y.S. EXPORT CONTROL LANS

1 am employed by a U.S. organization/company and am aware that the

Trafflc in Arms Requlations. Such violation is sublect to a penalty cf up to 2 years
tmprisonment and a fine of $100,000 under 22 USC 2778.

Signature: Date:

Telephone No.:

8-4




QUALITY ASSURANCE MODELING AND ANALYSIS
BOCUAENT REQUESY ORDER FORM
SUBMIT BOCUMENT REQUESTS 10: AFWAL/MLTC

1CAM Program Library
Wright-Patterson AFB OH 45433

VOLUME NUMYBIR AND CHECK

 MAKAGEMENT NUMBER TITLE OF COCUMEHT (v

SD 110513006 Scapirg Document {

NAD110513¢20 Néeds Analysis Oocument (.

5[0110513000 ‘ System Environment Document )

SRD110513000 System Reguirements Document { )]

170110513000 Architecture for Product Assurance (

1sp110513099ﬂ=ﬁ===_ QA 2;ggram Management Staﬁggrd Recommendations ! 2
‘ PLEASE PRINT

NAME : i _ MALL CODE:

TiTLE:

DEPARTMENT :

COMPANY:

STREET or P. 0. BOX:

CITY: B STATE : 21P:

REQUIRLHMENT FOR DOCUMEN]Y

Document(s} requested for the purpose of (intended use and program/project application
must be previded):

Jocuments generated under the contract contain controlled distribution and export control
clauses. : )

I am a U.S. citizen. 1 am emploved by a U.S. organization/company and am aware that the
use of these Air Force documents must comply with:

U.S. EXPORT CONTROL LAHS

This document contains information for manufacturing or using munitions of ware Eaport
of the information contained herein or release to foreign nations within the United
States without first obtalning an export llcense is a violatlon of the lnternaticnal
Traffic in Arms Regulations. Such violation is subject to a penalty of up to 2 years
imprisonment and a flne of $100,000 under 22 USC 2778. .

Signature: Date:

Telephone No.:

*USGPO: 1584 - T59-062-1061

)






