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mentation plan.

The second program (Contract No. F33615-7/7-C-5027) consisted of four phases in
which manufacturing man-hour data and designer-oriented formats were developed
for "Sheet-Metal Aerospace Discrete Parts', "First-Level Mechanically Fastened
Assemblies', and "Advanced Composite Fabricatiom'. Further, structural perfor-
mance/manufacturing cost trade-studies were conducted by designers in industry
to demonstrate utilization of the manufacturing man-hour data developed in this
program,

The data developed by the five participating aerospace companies were normalized
by Battelle's Columbus Laboratories and the data plotted in designer-oriented
formats. Data have been developed for base parts and discrete parts., The base
part is a structural element in its simplest form and when modified with de-
signer-influenced cost elements (DICE) such as joggles, cutouts, and heat treat-
ment, a discrete part ready for assembly is obtained. Typical DICE analyzed for
mechanically fastened assemblies are accessibility, material types, part and
fastener counts, and sealing requirements. For composites, typical DICE are
crientatien and number of plies, overlaps, fiber mix, cutouts, and quality r.-
quirements.
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The data are presented in the series of formats showing cost-driver effects
(CDE) and cost-estimating data (CED) and have been evaluated in trade-offs
on various fuselage panels designed in titanium, aluminum, and graphite/epoxy.
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The third program (Contract No. F33615-79-C-5102) required the development of
MC/DG sections on castings, forgings, extrusions, and test, inspection and
evaluation (TI&E). Furthermore, as castings, forgings, and extrusions are
normally machined prior to assembly in aerospace structures, data and formats |
were developed for the machining of typical discrete parts manufactured utiliz-
ing these methods. TI&E was included in the MC/DG as, in the case of certain
materials such as graphite/epoxy and manufacturing methods such as castings,
this can be a cost-driver that needs to be included in trade-off studies compar-
ing various manufacturing methods,

The third program also required the development of an MC/DG for electronics
fabrication, assembly, and TI&E. A series of typical discrete parts such as
transistors, capacitors, diodes, and hybrids were analyzed and also, typical
assemblies such as printed wiring boards. Hand, semiautomatic and automatic
soldering and insertion processes were also analyzed. Furthermore, the manu-
facturing cost to meet typical reliability requirements in electronics is also
presented to the designer for the selected discrete parts.
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The fourth program required the development of a functional section of the
MC/DG for machining of metals and also a section-by-section layout of a
model of the MC/DG for utilization in conceptual design. The MC/DG for
machining contains CDE formats for part size, material types/removal rates,
. tclerances, finishes, and hog-cuts. The CED formats are presented in three
™ groups showing machining features of frames, bulkheads, wing skins, beams,

- spars, ribs, stiffeners, and longerons; machining features of pins, bolts,
bushings, inserts, sleeves, etc.; and also general machining features appli-
cable to most machined airframe parts. The conceptual design model of the
MC/DG draws on the formats developed under earlier programs where data is
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presented which influences material selection, configuration type, and other
considerations at this phase where significant leverage exists to reduce cost.
"This volume provides an overview of course contents, press releases, executive
summary brochure, press accounts, presentations and briefings given on the
MC/DG to accelerate technology transfer of the MC/DG program results. A
discussion of the organization of the coalition or team is also included as
this was a factor in achieving rapid utilization of the MC/DG by design staff
of the aerospace member companies.
This project is reported in a six-volume Final Technical Report as follows:
VOLUME I. User's Manual -~ Airframes Volume 1
Contains:
e Utilization Procedures
o Trade-0ff Study Examples
e MC/DG Sections for:
= Sheet Matal
= Mechanically Fastened Asseambly
- Composites |
VOLUME II. User's Manual - Airframes Volume 2
Contains: !
e MC/DG Sections for: |
- Extrusions !
- Castings |
- Forgings |
VOLUME III. User's Manual - Airframes Volume 3
Contains: 1
e MC/DG Test, Inspection & Evaluation Section for:
= Sheet Metal
= Mechanically Fastened Assemblies
- Castings
- Forgings
- Machining
- Composites i
I
VOLUME IV, User's Manual - Electronics Volume 1
v Contains: i
: e Design Process Descriptions |
k e Conceptual Design Section for:
y = New Technology - Part Count
: - Number of Assemblies - Part Selection !
. - Common Functions == Reliability |
Lo - Digital Design -- Package
C = Built-in Test
o e Detail Design Section for:
W =~ Mechanization - Insertion Process
b - Processes = Soldering Process
o
Q“' VOLUME V. User's Manual - Airframes Volume 4
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ﬁjﬁ VOLUME VII. Technology Transfer Summary
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FOREWORD

This Manufacturing Cost/Design Guide doc

under Air Force Contract F33615-79-C-5102 from 1 October 1Y79 through

31 August 1984. The contract is sponsored by
facturing Branch, Manufacturing Technology Di
Air Force Wright Aeronautical Laboratories.
Capt. Richard R. Preston. In previous phases
sonnel directed the program; Mr. John R, Will
Capt. Steven R. LeClair.

The organization of the program is comprised of a coalition of seven
participating companies with Battelle's Columbus Laboratories (BCL) as the

prime contracter, Mr, Bryan R. Noton is the
participating companies of the coalition are

Airframe Company Subcontractors

General Dynamics Corporation, Fort Worth
Division

Grumman Aerospace Corporation

Honeywell, Incorporated

Lockheed-California Company

Metcut Research Associates, Inc,

Northrop Corporation, Aircraft Group

Rockwell International Corporation,
North American Aircraft Operations

Rockwell International Corporation, Avionics
& Missiles Group, Collins Avionics Division

In Critique Mode:
Company

Boeing Commercial Airplane

Note that the number and date in the upp
of this document indicates that the document
to ICAM's Configuration Management Life Cycle
for Configuration Items (Cls).
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ument covers the work performed

the Computer Integrated Manu-
vision, Materials Laboratory,
The ICAM Project Manager is

, the following Air Force per-
iamson, Capt. Dan L, Shunk, and
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BCL Program Manager. The other

listed below:

Program Managers

Ben E. Kaminski
Phillip M. Bunting

Vincent T. Padden
Anthony J. Tornabe

Robert R, Remski i

Anthony J. Pillera
John F. Workman

ki

Robert L. Carlton
T. Raj Aggarwal

John R. Hendel
Al P. Langlois

Ralph A, Anderson

b siomi

John G. Vecellio

David Weiss
Peter H, Bain
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{ o SECTION 1.0

u INTRODUCTION

1.1 Project 4502 Objectives

The "Manufacturing Cost/Design Guide" (MC/DG) Study was initiated
by the Air Force to further aid in the attainment of the objectives of
the Integrated Computer-Aided Manufacturing (ICAM) program,

The ICAM objectives are to:

1) Reduce aerospace systems cost
2) Provide leadership to industry
3) Increase competence in aerospace manufacturing 1

4) Provide for ICAM technology transfer

5) Improve mobilization position of the USAF

o

S 4

6) Demonstrate the capability for a totally integrated manu-
facturing system,

The Project 4502 Objectives are directed at reducing the cost of
both airframes and electronics. The specific objectives are to:

ﬁfr‘."_*r-v-r—n
N <, ‘e
2 .. N -

1) Provide designers with urgently needed, quantitative cost
comparisons of manufacturing processes that are quick and
simple to use in the design process

VT ¥ ¥
S
«

’ Y7 T,
4 e e e
PP )

. SR .

2) Emphasize design orientation of MC/DG formats and manufac-
turing man-hour data for use at all phases of zhe design
process, i.e., preliminary and detail design, therefore,
increasing emphasis on cost as a vital design parameter

3) Enable additional and more extensive manufacturing cost
trade-offs to be conducted on aerospace airframe and
electronic component fabrication and assembly

T Y Y S -

\ 4) 1Indicate cost saving potential of emerging materials and
&: manufacturing methods to accelerate the transfer of these
s technologies to production hardware

L#; 5) Guide the designer to the lowest cost design concepts and
% manufacturing processes early in the design phase

,, 6) Identify cost-driving manufacturing operational sequences
ﬁ;: and, hence, provide targets for future computer-integrated
o manufacturing (CIM) efforts.

’o
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1.2 Document Identification

This volume documents the material developed to facilitate the
dissemination of the data and concepts developed under ICAM Project
Priority 4502 "Manufacturing Cost/Design Guide" Data Development for
Airframes aund Electronics.

This technology transfer material provides executive overviews of
the ICAM "Manufacturing Cost/Design Guide (MC/DG)" data, designer-
oriented formats and methodologies developed, and the utilization and
benefits to industry and the Air Force. The examples of the various
presentations can be used for seminar material for introducing the
MC/DG. For example, a briefing, included in Appendix F, provides the
background, purpose, organization, examples of data and formats, and a
utilization example on an integrated airframe design problem and
industry application,

1.3 Functional Description of Document

T T TTa——S————_

This volume documents the technology transfer materials developed
under 1CAM Project Priority 4502; ICAM "Manufacturing Cost/Design Guide"
Data Development for Airframes and Electronics. Appendices provide
examples of the individual publications.

The following document request order form may be used to request
copies of the reports prepared uander this program.
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SECTION 2.0
ACHIEVEMENT OF TECHNOLOGY TRANSFER

2.1 Activities to Achieve Technology Transfer

To shorten the time-span in achieving the utilization of research
results, it is desirable to provide the information on cost-drivers and
cost avoidance, in a number of ways such as follows:

e Team or Coalition Organization |
¢ Courses and Seminars

® Press Releases by Air Force and Contractor and Accounts in
Press

e Presentations at National Conferences (trends and no hard
data provided)

e Briefings.

{

|

1

3

These activities are described, or, where appropriate, listed 1
below. ]
1

2.1.1 Team or Coalition Organization

|
Important advantages are evident in the development of manufactur-~ |
ing man-hour data by a team of major aerospace companies and some of the |
advantages facilitate technology transfer. The principal advantages are
as follows:

e Provides a cross-section of small and large aircraft for
the entire industry; both military and commercial

e Present team members have large interface with all levels

e
)
r«
h
o

b

A .

of designers. Therefore, the MC/DG has been transitioned
more rapidly to the design process than customary in
industry

e

e Team draws on each company's expertise related to specific
manufacturing facilities which favorably influences the
viability of the results

[ ol et oy

o e Team has an extensive source of available data for use in
L verifying calculated data and therefore a broad base is
y , provided from which to develop manufacturing data for the
| MC/DG functional sections

e Team provides the required base for deriving average indus-

. try data
i e Team provides confidence to data and formats for designer
W! use, rather than a parochial point of view of a single
s company
N
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e Team has established ground rules and methodologies to

develop manufacturing man-hour data and designer-oriented
formats

e Team provides a broad base for emerging technologies and
utilization of Air Force manufacturing technology (MT) pro-

gram results, e.g., superplastic formed/diffusion bonded
titanium,

As indicated in the Foreword to this volume, seven major aerospace
companies participated in this team. At each company, between six and
ten persons were involved in data development and also the test and
evaluation of the final averaged data to be presented in the manufactur-
ing technology function sections of the MC/DG. At the proposal stages,
each company agreed to provide highly experienced staff from the dif-
ferent disciplines required to develop documents which will be approved
by management and subsequently accepted, with enthusiasm by designers to
not only minimize design and manufacturing costs, but also to substan-
tially improve design/manufacturing interaction. The staff provided by
the companies to work on the MC/DG were highly qualified and in some

cases posessed 30-40 years of experience, The staff represented the
following areas:

o Management (concurrence necessary to assure MC/DG utiliza-
tion)

e Engineering (design and support)

e Manufacturing (fabrication, tooling, and quality control)

e Cost-Estimating

e Procurement (materials, parts, and equipment).

Prior to development of data and with Air Force approval, a survey
was conducted in many large aerocpace companies and 84 responses were
received. The surveys and workshops held in 1976, at the initial
industry briefing at Battelle's Columbus Laboratories resulted in the

following criteria for development of the cost-driver effect (CDE) and
cost-estimating data (CED) formats to achieve designer usage:

e Emphasize cost drivers
o Be simple to use

e Use designer language

e Instill confidence
e Be economical

e Be accessible

e Be maintainable.

2.1.2 Report Distribution Within Tcam

Throughout the accomplishment of the MC/DGs for Airframes and
Electronics, comprehensive monthly reports have been prepared and
distributed, not only to the Project Engineers in industry, but also to
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their managers. Management has therefore, on a monthly basis, had the
opportunity to follow the development of the MC/DGs. This has stimulated
the interest of management, frequently at Vice-President level and

management has subsequently provided encouragement and support to the
MC/DG groups within the aerospace company. Furthermore, the detailed
monthly reports, with the latest data served as a reference document for
each program manager and thus circumvented problems which would other-
wise be possible due to the large numbers of memos, letters, tables of
data, etc., that must be generated on such a program. The result was
that the team-member companies were, in some cases, utilizing the data

and formats in design well ahead of the distribution dates for the
interim and final reports,

2.1.3 Courses and Seminars

A course has been prepared on '"Design and Manufacturing-to-Lowest
Cost" and during the 1982-83 time-frame, this course has been given to
various groups. The outline of this course is included as Appendix A.
The course can be tailored as executive overviews, i.e., 1%-3 hours, as a
one-day intensive course or as a three-day course. It is not only suited
to experienced designers, but has been found to be particularly informa-~
tive for unseasoned designers that have not been trained in meeting
design requirements at the minimum possible cost. A major objective of

this course is to put designers on the lowest cost track in utilizing
both conventional and some emerging technologies,

The executive overviews of the course have been given to:

e Northrop Corporation's Aircraft Group

e Goodyear Aerospace Corporation, Akron, Ohio, and Tempe, Arizona.

Three one-day courses have been given at Wright-Patterson Air Force
Base and was attended by approximately 280 attendees.

The three-day course has been given to:

e General Dynamics Corporation, Convair Division, and,

o Rockwell International, North American Aircraft Operations,
Los Angeles.

2.1.4 Press Releases and Accounts in Press

At various stages in the development and acceptance of the data and
formats by designers in industry, it was found to be appropriate and
timely to issue press releases, with, in the case of Battelle's Columbus
Laboratories, Air Force approval. These press releases indicate, for
example, actual and projected cost savings. These press releases have
resulted in several accounts in the press and these also follow.
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Press Releases

1. "Designer's Guide With A New Approach'", United States Air 5
Force, Aeronautical Systems Division, Office of Public Affairs “

(ASD/PA), Wright-Patterson Air Force Base, Ohio, 30 June
1982,

2. Battelle's Columbus Laboratories, 4 March 1983.

3. Battelle's Columbus Laboratories, 25 May 1984.

Copies of the Press Releases are included in Appendix B.

Accounts in Press

1. "AF Developing Guide for Reducing Airframe Costs', Defense/Space i
Business Daily, 8 January 1979.

2. "Battelle/Industry Team Trying to Trip Aircraft Manufacturing
Costs'", Aerospace Daily, 3 January 1980.

3. "Battelle/Industry Team Trying to Reduce Design Costs', The
Weekly of Business Aviation, 7 January 1980.

4, Software Digest, 10 January 1980.

5. Technical Survey Weekly, 12 January 1980.

6. Aerospace Project Focuses on Manufacturing Costs, February

1980. ;
f: 7. "Aircraft Manufacturing Costs Guide', Tooling and Production '
'. Business Briefs, 22 February 1980.
P{ 8. ICAM "Manufacturing Cost/Design Guide" -- The MC/DG in Education, i
o The ICAM Program Report, Integrated Computer-Aided Manufacturing j
Branch (AFWAL/MLTC), July 1981. -
L. 9. Expansion of ICAM "Manufacturing Cost/Design Guide" (MC/DG),
nr : The ICAM Program Report, Integrated Computer-Aided Manufacturing -
i Branch (AFWAL/MLTC), October 1981 |
:ﬁ: 10. Potential Payoff of Utilizing ICAM '"MC/DG For Electronics',
:i; The ICAM Program Report, Integrated Computer-Aided Manufacturing
® Branch (AFWAL/MLTC), March 1982,
A ;
:g: 11. '"Designer's Guide With A New Approach", The ICAM Program ]
t}j Report, Integrated Computer-Aided Manufacturing Branch (AFWAL/MLTC), j
n August 1982 ;
h
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Business Aviation, 23 August 1982.

"Guide Available to Determine Airframe, Electronics Costs",
Aviation Daily, 8 September 1982.

"Guide Speeds Manufacturing Cost Studies'", Test and Measurement
World Monthly, October 1982.

"Guide for Designers Helps Reduce Manufacturing Costs', Production
Engineering Monthly, October 1982,

"Guide Cuts Costs'", Electronic Packaging and Production,
October 1982,

"Industrial Processes'", Battelle Memorial Institute, 1983
Annual Report,

"Designer's Guide With A New Approach -- ASD", TIG Brief,
The Inspector General, 4 April 1983.

"ICAM Success Recognized by 0SD", The ICAM Program Report,
Integrated Computer-Aided Manufacturing Branch (AFWAL/MLTC),
October 1983,

2.1.5 Presentations

Approximately 38 presentations, many invited, have been given on the Air Force
ICAM "Manufacturing Cost/Design Guide'". The following presentations were frequently
given by Mr. Bryan Noton, Program Manager, MC/DG. Those presentations which were
co-authored with Air Force and industry project engineers on the guide are also in-

dicated below.

1.

3.

o

T R SRR
DR TR A ‘
e

"U.S.A.F. Manufacturing Cost/Design Guide for Airframes', Co-
authored with Mr. J. R. Williamson, Aircraft Systems & Tech-
nology Conference, sponsored by the Americ in Institute of
Aeronautics and Astronautics (AIAA), Los Angeles, California,
August 1975, 16 pp.

"The USAF/AFML Manufacturing Cost/Design Guide', Workshop on
Increased Productivity, sponsored by the Aerospace Industries
Associatinn of America, Los Angeles, California, 6-7 April
1976,

Air Force ICAM '"Manufacturing Cost/Design Guide', Co-authored
with Capt, Dan L. Shunk, Materials Laboratory, Wright-Patterson
Air Force Base, Aircraft Systems and Technology Meeting,
American Institute of Aeronautics and Astronautics (AIAA),
Dallas, Texas, 27-29 September 1976,
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4., "Airframe Project Opportunities to Reduce Cost', Army Aviation
Manufacturing Technology Conference, Palo Alto, California,
7-11 November 1977.

5. "Selection of Manufacturing Processes', Seminar on Designing
for Low Cost Manufacturing, Sponsored by Society of Manufac-
turing Engineers (SME), Dayton, Ohio, 15-17 November 1977.

6. '"Manufacturing Cost/Design Guide (MC/DG)", Co-authored with
Capt. Dan L. Shunk, Integrated Computer-Aided Manufacturing
Branch, 23rd National Symposium and Exhibition, sponsored by .
Society for the Advancement of Material and Process Engineering *
(SAMPLE), Anaheim, California, 2-4 May 1978, pp. 61-93,

7. Air Force "Manufacturing Cost/Design Guide', Co-authored with
Capt. D. L. Shunk, Air Force Materials Laboratory, Wright-
Patterson Air Force Base, Fourth DoD/NASA Conference on
Fibrous Composites in Structural Design, San Diego, California,
13-17 November 1978.

%é‘ 8. "Air Force - Manufacturing Cost/Design Guide - Its Objectives

b and Potential', Fifth Structural Composite Manufacturing

O Applications Conference, Society of Manufacturing Engincers

e (SME), St. Petersburg, Florida, 5-7 December 1978, |
ffj 9. '"Manufacturing Cost/Design Guide for Metallic and Composite

Materials", Department of Engineering Sciences, University of
Florida, Gainesville, Florida, 26 January 1979.

10. "Air Force Manufacturing Cost Design Guide (MC/DG)" Co-authored !
with Capt. D. L. Shunk, 38th Annual Conference of the Society f
of Allied Weight Engineers (SAWE), New York, N.Y., 7-9 May 1979.
SAWE Paper No. 1291, 53 pp. '

11. '"Manufacturing Cost/Design Guide", Symposium on Advanced
Composites: Design and Applications", Mechanical Failures {
Prevention Group (MFPG), Sponsored by National Bureau of
Standards, Office of Naval Research, Naval Air Development
Center, Department of Energy, and NASA/Goddard Space Flight
Center, Gaithersburg, Maryland, 23-25 May 1979.

12. "Manufacturing Cost/Design Guide (MC/DG)'", Air Force I1CAM
Industry Days, Materials Laboratory (AFWAL/ML), Wright-

Pns 5

&

e Patterson Air Force Base, Ohio, and Society of Manufac-

e turing Engineers (SME), Detroit, Michigan, 10-13 September

1979. )
«q 13. '"Manufacturing Cost/Design Guide" Department of Defense 1979 ,
L:r Manufacturing Technology Advisory Group (MTAG) Conference, -
- Phoenix, Arizona, 22-25 October 1979, 65 pp.

. 14. "Manufacturing Cost/Design Trade-Studies", Clinic on Design
g for Low Cost Manufacturing, Society of Manufacturing Engineers
° (SME), Cleveland, Ohio, 27-29 November 1979, 65 pp.

{jf 15. "Design/Manufacturing Interaction" Air Force Integrated
o Computer-Aided Manufacturing (ICAM) Composites Workshop,
9-~11 January 1980, 71 pp.
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"The ICAM Cost Design Guide and Its Application to NDE"
Lockheed Corporation NDE Task Force, Research Laboratory,
Palo Alto, California, 14-15 February 1980,

"Selection of Manufacturing Processes'", Designing for Low
Cost Manufacturing Clinic, Society of Manufacturing Engineers
(SME), Charlotte, North Carolina, 15-17 April 1980, 65 pp.

"ICAM Manufacturing Cost/Design Guide (MC/DG)" Conference on
Structural Composite Manufacturing Applications, Society of

Manufacturing Engineers (SME), Los Angeles, California, 10-12
June 1980, 71 pp.

"Utilization of a Manufacturing Cost/Design Guide to Determine
the Cost Impact of Materials Substitution", Workshop on Mate-
rials Substitution Methodologies, National Materials Advisory
Board (NMAB), Study Center of the National Academy of Sciences,
Woods Hole, Massachusetts, 11-12 June 1980.

"ICAM Manufacturing Cost/Design Guide (MC/DG) for Airframes
and Electronics'", ICAM Industry Days Conference, St. Louis,
Missouri, 29 September through 1 October 1980, pp. B.291-B.301.

"Design and Manufacturing-to-Cost", 1980 Technology Briefing
on "Productivity: Status, Impact and Direction', Battelle
Memorial Institute, Columbus, Ohio, 2~3 October 1980,

"Review of the Air Force Manufacturing Cost/Design Guide",
Midwest Chapter, Society for the Advancement of Material and
Process Engineering (SAMPLE), Dayton, Ohio, 14 October 1980.

"Manufacturing Cost/Design Trade-Off Methodology" First Japan-
United States Conference on Composite Materials, Tokyo, Japan,
12-14 January 1981.

"Development and Utilization in Design Process of ICAM Manu-
facturing Cost/Design Guide" (MC/DG). Fifth DoD/NASA Con-
ference on Fibrous Composites in Structural Design, New Orleans
Louisiana, 27-29 January 1981.

"Manufacturing Cost/Design Guide (MC/DG) for Metallic and
Composite Structures'", Co-authored with Capt. R. R. Preston,
AIAA Paper No., 81-0518-CP, Proceedings of American Institute
of Aeronautics and Astronautics (AIAA)/ASME/ASCE/AHS 22nd
Structures, Structural Dynamics and Materials Conference,
Atlanta, Georgia, 6-8 April 1981, pp. 445-462,

"ICAM Manufacturing Cost/Design Guide (MC/DG) Background,
Metallic and Nonmetallic Demonstration Sections', Co-authored
with Capt. Richard R, Preston, Materials Laboratory (AFWAL/
MLTC), 26th National Symposium and Exhibition, sponsored by
the Society for the Advancement of Material and Process

Engineering (SAMPE), Los Angeles, California, 28-30 April 1981,
pp. 578-592.
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27. "Utilization in Industry of ICAM Manufacturing Cost/Design
Guide (MC/DG) for Composite Structures', Authored by Dean S,
Klivans, Rockwell International Corporation, and Co-authored by
Bryan R. Noton, Battelle's Columbus Laboratories, 26th National
Symposium and Exhibition, sponsored by the Society for the
Advancement of Material and Process Engineering (SAMPE), Los
Angeles, California, 28-30 April 1981, pp. 593-600.

28. "Utilization in Industry of ICAM Manufacturing Cost/Design
Guide (MC/DG) for Metallic Structures'", Authored by Anthony J.
Pillera, Lockheed California Company, and Co-authored by Bryan
R. Noton, Battelle's Columbus Laboratories, 26th National
Symposium and Exhibition, sponsored by the Society for the
Advancement of Material and Process Engineering (SAMPE), Los
Angeles, California, 28-30 April 1981, pp. 601-606.

29, "The ICAM Manufacturing Cost/Design Guide (MC/DG) for Avionics",
Authored by John G, Vecellio, Rockwell International Corporation,
and Co-authored by Bryan R. Noton, Battelle's Columbus Labora-
tories; 26th National Symposium and Exhibition, sponsored by
the Society for the Advancement of Material and Process :
Engineering (SAMPE), Los Angeles, California, 28-30 April 1981, i
pp. 607-619. |

30. "Manufacturing Cost Trade-Studies in Avionics', Co-authored
with Mr. John G. Vecellio and Mr. Robert Remski, 13th National
Technical Conference, Society for the Advancement of Material
and Process Engineering (SAMPE), Mount Pocono, Pennsylvania,
13-15 October 1981, pp. 364-379.

31, '"Fabrication Development Requirements and Cost Analysis
Methodologies", Conference Theme: "Advanced Composites -
New Directions in Performance and Reliability", Society of
Plastics Engineers (SPE), Louisville, Kentucky, 4-5 November
1981.

32. "ICAM Manufacturing Cost/Design Guide (MC/DG)" Composites in
Manufacturing Conference, Society of Manufacturing Engilneers
(SME), Anaheim, California, 12-14 January 1982, 71 pp.

33, ‘"Manufacturing Cost/Design Guide (MC/DG) Data Development for
Air Frames and Electronics'", Proceedings of the Air Force
Sixth Annual ICAM Industry Days Conference, New Orleans,
Louisiana, 17-20 January 1982, pp. 93-153. .

34, "Successful Technology Transfer with the Cost/Design Guide",

K! Fifth Technology Briefing, Conference Theme: "Technology

v Implementation: Capitalizing on R&D", Battelle's Columbus :
;f Laboratories, Columbus, Ohio, 19-20 October 1982.

ti 35, "Air Force ICAM Manufacturing Cost/Design Guide (MC/DG) for

" Electronics", Co-authored with Mr. Robert R. Remski, Honeywell,

e Inc., Department of Defense Manufacturing Technology Advisory

T Group (MTAG) Conference, Phoenix, Arizona, 19-20 October 1982,

pp. 12-34.
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36, "Air Force 1CAM Manufacturing Cost/Design Guide (MC/DG) for
Airframes'", Department of Defense Manufacturing Technology
Advisory Group (MTAG) Conference, Phoenix, Arizona, 19-20
October 1982, pp. 3-26.

37. 1In Plenary Session: "Cost Factors and Approach Methodology ;
in Selecting Structural Materials and Manufacturing Technologies', :
AIAA Paper No. 83-0791-CP, American Institute of Aeronautics
and Astronautics (AIAA)/ASME/ASCE/AHS 24th Structures, Struc-
tural Dynamics and Materials Conference, Lake Tahoe, Nevada,

2-4 May 1983, 18 pp.

38. "ICAM Manufacturing Cost/Design Guide (MC/DG)'", Proceedings of
the Air Force Seventh Annual ICAM Industry Days Conference, New
Orleans, Louisiana, 5-9 June 1983, pp. 223-252.

2.1.6 Briefings

The contractual requirements stipulate an end-of-contract briefing
to be given. However, through the Air Force Project Engineer, AFWAL/MLTC,
invitations have been received to present additional briefings. These are
listed below and an example is included in Appendix F.

1. '"Manufacturing Cost/Design Guide'" Background, Development,
Utilization, and Computerization, Briefing to Integrated
Computer-Aided Manufacturing Program Office, Air Force
Materials Laboratory/LTC, Wright-Patterson Air Force Base,
Ohio, 13 December 1978, 250 pp.

2. "Manufacturing Cost/Design Guide (MC/DG), Data Development,
Computerization and Utilization', End-of-Contract Briefing
for Integrated Computer-Aided Manufacturing Program Office,
Air Force Materials Laboratory, Wright-Patterson Air Force
Bage, Ohio, 12 April 1979, 335 pp.

3. '"Manufacturing Cost/Design Guide (MC/DG)", Joint MC/DG Co- 1
alition Technical Review, Computer Integrated Manufacturing
Branch, Materials Laboratory (AFWAL/MLTC), Air Force Wright
Aeronautical Laboratories, Wright-~Patterson Air Force Base,
Ohio, 13-14 August 1980, 186 pp.

4, '"The Importance of the ICAM Manufacturing Cost/Design Guide
(MC/DG) in Aeronautical Systems Division (ASD) Acquisitions",
28 May 1981,

5. "Air Force ICAM Manufacturing Cost/Design Guide for Airframes
and Electronics", Briefing to U.S. Army Missile Command Co-
alition, Wright-Patterson Air Force Base, Ohio, 1 September
1981, 198 pp.

6. "Air Force ICAM Manufacturing Cost/Design Guide for Airframes
and Electronics", Briefing to Directorate of Equipment Engineer-
ing, Aeronautical Systems Division (ASD/ENE), Wright-Patterson
Air Force Base, Ohio, 11 September 1981, 269 pp.
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7. '"Manufacturing Cost/Design Guide (MC/DG) for Airframes and
Electronics", Co-authored by Capt. Richard R. Preston,
Computer Integrated Manufacturing Branch, Materials Laboratory
(AFWAL/MLT), Briefing to Aeronautical Systems Division/EN,
Wright-Patterson Air Force Base, Dayton, Ohio, 10 February
1983, 81 pp.
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APPENDIX A

OUTLINE OF COURSE ON

“Design and Manufacturing-to-Lowest Cost”

1. Evolution of Design/Manufacturing Interaction.

2. Cost-Driver Analysis Related to:
® Product Performance
e Design
e Material

e Manufacturing.
3. Design Features vs, Manufacturing Technology Requirements.

4, Commonality of Cost-Drivers Throughout:
e Industry

Low Performance Products

High Performance Products

Component Design

Subsystem Design

Lightweight Structures

Electronic Design.

5. Primary & Secondary Structures; Cost-Driver Examples.
6. Cost-Savings Leverage in Conceptual and Detail Design Phases.
7. Decisions made in Design Process and Their Impact.

8. Approaches to Design-to-Cost.
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9, Identification of Cost-Drivers for:

and Mechanical Systems

- Adhesive Bonding.

10. Guidance

11, Need for

The I1CAM
Oriented

e Sheet-Metal
Extrusions
Castings
Forgings

Composites

- Sheet-Metal
- Machining
- Composites

- Castings
- Forgings.

12, Examples of

et Providing Man-Hour Data
if ¢ Designer Worksheets to Determine Program Cost
g e Three-Ring Binder Version of MC/DG
F; e Computerized MC/DG Under Development
:‘\ e Examples of Hardware Design Showing Utilization
N of Formats.
n‘-3
'\
4
® A-2
o
. 5_\ N WNLY e .\ \\ v \'\- SSER .- n? _'- N .‘,'--
At Lnin_Ad} S idi}L R 22 IR SON IS Mrehs

TRTFEITEARRTLALRTLE F EF IR NI RITRIAATROTICLCIRTETRE T "RAT KIS Y N

to use of Cost-Cutting Technologies,

Manufacturing Cost/Design (Performance) Trade-Studies,
"Manufacturing Cost/Design Guide" (MC/DG); Designer-
Formats to Include Following Technologies:

Mechanically-Fastened Assemblies
Test, Inspection & Evaluation (TI&E) for:

MC/DG Utilization for Above Technologies:

s e Utilization of Cost-Driver Effect (CDE) Formats
. Providing Qualitative Guidance .
L
e

o Utilization of Cost-Estimating Data (CED) Formats
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e Metallic Structures (Aluminum, Steel, etc.)

e Composite Structures/Products
o Emerging Technologies - Examples:
- Net Shapes (Powder Metallurgy, Castings, etc.)
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13. Detail Trade-Studies Conducted on:
e Aluminum Sheet-Metal Structures
¢ Titanium Sheet-Metal Psnels
e Composite Panels, Including Co-Cured.

14, Trends in Design and Manufacturing-to-Lowest Cost.

15. Future Design-to-Cost Data Requirements:
e Metal Removal
® Bonding
e Superplastic Formed/Diffusion Bonding
e Composites (e.g., Sine-Wave Webs)
e Powder Metallurgy

16. Obstacles to Implementing Cost-Saving Emerging Technologies.

NOTE

e The course duration is 2-1/2 days consisting
of 2 one-hour lectures each morning and one
1-1/2 hour lecture each afternoon.

e Approximately 200 slides/vugraphs will be
shown,

e 30 copies of an 80-page lecture supplement
will be provided.
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APPENDIX B
MC/DG UTILIZATION IN INDUSTRY

" l V" "! . V.I A_' -_l -
.t 'n‘: ey AL A

A

>
-

B.1 Applications Cited

Requests for the '"MC/DG for Airframes and Electronics" require
a description of the applications for which it is intended. The
following organizations have identified the uses listed below:

T 2" s © r_s
[ PR

. Organization Application Cited

N Aerojet Liquid Rocket Company ® Assist in planning and implementing
o U.S. Army and U.S. Navy aerial tar-
iﬁ. get propulsion programs.

';‘ Aircraft Industries Association e Provide reference for projects and
T information for association member-
. ship and manufacturing committee.

i AMEC, Incorporated e Assist in airframe modification

'- program.

oo American Can Company o Develop wire identification methods
o for harness manufacture.

. American Cyanamid Company e Improve design and prediction of

E composite costs based on prepregs.
:i AMETA e Provide inputs for course prepara-
N tion, especially in CAD/CAM subjects.
:?: Analytic Decision Corporation e ‘Develop intimate familiarity with
N MC/DG and its use, to better serve
2 clients.

- Andrews Air Force Base e Provide supporting data, concepts,
® and guidelines for implementing Air
= Force manufacturing policy.

ﬂi University of Arkansas at e Extend the use of MC/DG data to

- Little Rock optimize the design of similar pro-
R ducts, such as structural frames

g& and transportation vehicles,

3
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Organization

Astronautics Corporation of °
America
Aviation Technical Support )
Incorporated
AVCO Aerostructures Division o
AVCO Corporation ™
Aydin Controls °
Ball Aerospace Systems °
Division
Barry Controls o
Bath Iron Works °
Beech Aircraft Corporation ®
°
Bell Aerospace Textron °
Bendix Oceanics )
‘_\'.i
A
AN
! B-2
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Application Cited

Provide better cost controls and
criteria for design and manufacture
of electronic instruments.

Guide efforts to manufacture a
noise reduction module for the B707
aircrafc.

Design and fabricate advanced com-
posite/metallic aircraft structure.

Enhance accuracy and efficiency in
bidding and integrating CAM and CAD
into operations.

Integrate departments in manufacture
of new products; obtain better under-
standing of project costs.

Cost systems and set standards for
the production of aerospace and
military antennae.

Integrate manufacturing cost/design
into value engineering systems for
large contracts.

Reduce costs associated with the
design and construction of U.S.
Navy combatant ships.

Coordinate design and manufacturing
methods and procedures.

Support design of missile target
systems.

Provide pricing guidance in develop-
ment c¢f proposals for the Air Force.

Write manufacturing outlines, esti-
mate standards for P&Ds, estimate
tooling costs, develop cost reduc-
tions, guide inexperienced engineers.
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Organization

Boeing Aerospace Company

Boeing Commercial Airplane
Company

Boeing Military Airplane
Company

Boeing Vertol Company

,
’l- ll'

I LA L

BDM Corporation °
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Agglication Cited

Support systems engineering/technical
assistance contracts for various U.S.
DoD customers.

Assist in design of an automated
electronics factory and numerical
simulation of electronics factory.

ldentify significant cost elements
from another perspective and provide
guidelines and comparisons in "make'
electronics.

Control cost on new airplane programs.

Provide cost data base on mechanical
and electrical hardware for life
cycle cost tasks on MX contracts.

Play key role in integrating CAD/CAM
into the normal manufacturing process.

Use in producibility and value engi-
neering studies on new aircraft and
major improvements to existing
aircraft.

Compare costs of alternate structural
configurations for 747 derivatives.

Support ICAM projects; REACH TechMod;
BEAM TechMod.

Design sheet metal for ISMC.

Provide source material for ECAM
activities and internal manufacturxng
improvements.

Provide framework for a computerized
manufacturing cost model to comple-
ment the AFFDL Modular Life-Cycle
Cost Model.

Conduct design Erade-off studies on
composites.
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f Organization Application Cited

*ﬂ Cablecraft, Incorporated ® In use with other design guides,

§
i
)

M
=

assist in the design and manufacture
of push/pull cable assemblies for
the military, and for various com-
mercial and aviation industries.

3,
t

CAECEM Development e Provide basis for structuring plans
rto develop design costing programs
as part of new integrated CAE/CAM

system.

Carlisle Engineering Management e Estimate manufacturing operation
costs before commitment to investment.

Cessna Aircraft Company e To be used by producibility group
and advanced planning.

Cleveland Pneumatic Company e Used in development of TechMod Pro-
gram, Tech Area 3, ''Computer-Aided

Value Engineering''.

Colt Industries e Asgist in automating production lines.

Computer Avionics e Optimize design and cost variables in
development of custom hybrid micro-
circuita.

CMC Electronics e Assist in laying out a new avionics

manufacturing facility -- presently
in the planning stage.

Data Con e Assist in preparing a guide for use
in wire wrapping in electronics.

DATA I/0 Corporation o Aid in reducing manufacturing costs
in our production organization.

Deere and Conpany e Provide a prototype for a cost design
guide within this industry.

e Use the concepts, format, and perhaps
the data itself, to determine the
feasibility of a similar approach
tailored to company needs.
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Organjzation

Deere and Company

Defense Contract Audit Agency

DoD, Cameron Station

DoD, Defense lLogistics Agency

Diablo Systems, Incorporated

Digital Equipment

DM Data, Incorporated

Douglas Aircraft Company

TTD450260000
12 Sept 1984

Application Cited

Assist in design of electronic systems
for tractors, crawlers, graders,
scrapers, etc.

Aid in developing and enhancing
operational audits.

Conduct affordability analyses; evalu-
ate new start systems,

Assist in technical evaluation of cost
proposals submitted by Government
contractors manufacturing a variety
of aircraft and electronic parts.

Assist in designing office equipment
for ease of manufacture.

Improve manufacturing engineering
interface with design engineering in
the development of new products and
processes.

Provide background information to
draw on in advising clients.

Used in Industrial Engineering Dept.
to aid in manufacturing methods and
cost trade-off studies on aircraft
components.

Assist in cost trade-off studies and
augment cost data base.

Assist in advanced design of structures
and systems for commercial and mili-
tary transports and trainers.

Improve design and manufacturing meth-
ods im ICAM sheet metal cell and high
speed machining center.

Aid in developing manufacturing
methods and conducting cost trade-
off studies on gircraft components.

'
i
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Organization

Douglas Aircraft Company e
E. I. DuPont de Nemours o
g Company
g Eaton Corporation P
i Eder Industries '
(
%j Electronic System Division °
{? HAFB, Mass.
;F EMCEE Broadcast Products °
I
-
%
% Emerson Electric Company )
L
L
=
E; Emhart Machinery °
q
9
e Fairchild Republic Company ®
b
L‘l
b
}..
q [ J
iz Fairfield Industries 'y
&; Incorporated
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Application Cited

Guide engineering production design,
especially for bhest use and perfor-
mance of flexible ICAM manufacturing
cells for fabrication and assembly.

Conduct intracompany cost/performance
analyses of composite structures.

Improve feedback cost/reliability
data to the design process through
CAD system.

Reduce design costs and improve accu-
racy of cost estimates.

Evaluate technical cost of electronic
hardware producers for c31 systems.

Reduce manufacturing costs through
improved product design, assist in
engineering design for reliability
in variable environments.

Assist in design and manufacture of
power system equipment, power supplies,
radar modulations, radar squipment,

and test equipment.

Assist in setting-up automated mach-
ining and subassembly center.

Establish a tooling estimating pro-
cedure and parts estimating procedure
to determine manufacturing costs.

Conduct cost estimates/comparisons
of manufacturing processes, especially
in the CAD/CAM environment.

Improve current cost estimating
techniques, thereby reducing esti-
mating expenses, and improving pro-
ductivity and profits,

Assist in design and manufacture of
avionics equipment for military air-
craftc.
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Organization Application Cited
Gandalf Data Corporation e Better control costs.
GCA Corporation - Industrial e Comparing fabrication/assembly costs.
Systems Group Basis for preparing process planning

decision trees.

General Dynamics Corporation e Provide a baseline and guidance
procedures for a CAD/CAM interface
and communication medium.

e Improve producibility of government's
cruise missile program.

® Prepare Life-Cycle Cost analyses for
current and proposed weapon systems.

e Support cost effective CAD/CAM pro-
cess development to assure produc-
tivity increases.

e Improve communications and data trans-
fer between manufacturing and engi-
neering/design; assist in CAD/CAM and
MIS planning and integration. |

e Develop industry trend comparisons
of methods and processes; develop ‘
potential cost saving approaches to
manufacturing methods.

e Data on composite materials will be
transmitted to Nuclear Submarine
Structural Application in support
of Contract N0Q076-C-2025, Proj. Ser.
SSLAl Task 19946.

o Developing cost guidance methods and
parametric cost-estimating relation~
ships for submarine design.

tu General Electric Company o Education internally and possible
use when working with Aircraft Engine
Business Group on Automation Projects.

B

e Support design-to-cost efforts on
MK-21 fuze.

v Tt H T

T ¥ _ A .1
s e e

e Reduce costs and increase quality of
medical diagnostic ultrasound equip-
ment.

s
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Assist in decisions on process alter-
natives based on cost for process
routing, assembly techniques.
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Organization

General Electric Company ]

General Motors Corporation ®
Detroit Diesel Allison

General Research Corporation ®

Genisco Computer Graphics ®

Goodyear Aerospace Corporation e

. .
.9
;.: Gould, Incorporated )
l“‘,'-‘
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Application Cited

Evaluate costs of industrial and
military aerospace printed wiring
assemblies.

To study the methodology to deter-

mine the feasibility of using the

costing approach to estimate .
electronics manufacturine

Integration with Air Force 1105
projects.

Assist in program management of several
electronic control programs, including
controls for a number of USAF and

Navy programs.

Develop own techniques for engine
cost estimating.

Guide manufacturing cost decisions
during initial design of gas turbine
engines/components.

Assist in understanding cost impli- ;
cations of new manufacturing processes. !

Estimate Class II and Class V modi-
fications on tactical aircraft for
weapon integration.

{

|

{

|
Computer graphic display products; to 1
be used in the Manufacturing Engineering T
Department; the Design Engineering
Department; for use with Product Planning
Board.

Help integrate CAD/CAM in operation-
automated processing. o

Assist in design and manufacture of
aircraft structures, radomes, re-
flectors, waveguides, electronic
packaging, and portable shelter struc-
tures.

Keep abreast of the Air Force's pre-
ferred methods and adapt them to
company operations.
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Organization

Gould, Incorporated

Grumman Aerospace
Corporation

GTE Sylvania

Gulfstream American Corporation

Hanscom Air Force Base

Harris Corporation

Hercules, Incorporated

Hill Air Force Base

HITCO
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Application Cited

Asgist in contract, subcontract, and
manufacturing administration.

Review producibility of new designs;
analyze make/buy decisions; analyze
subcontractor costs.

Analyze producibility of new designs
and design to attain cost improvements.

Conduct preliminary design cost esti-
mates of proposed new aircraft, such |
as Gulfstream trainer. '

Estimate preliminary design cost
estimates for proposals on aircraft
such as the "Peregrine" trainer.

Evaluate manufacturing cost and de-
sign criteria in design of c3 systems.

Input for design to production (DTP)
program. |

Assist in preparing subcontract bids
to major aerospace manufacturers for :
airframes.

Develop standard data and cost esti- !
mates for DoD contracts.

Conduct design/analysis studies and ?
degsign-to-cost life-cycle cost analysis 1
for solid rocket motors and composite
structures,

Aid in implementing "Design-to-Cost'
approaches in ongoing and anticipated
rocket motor development programs.

Assist in administration of design
review of weapon systems and the de-
sign handbook program.

Use the MC/DG as a guide for estimating
manufacturing costs and determining

design/cost trade-offs for composite
structures.
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Organization Application Cited
Honeywell, Incorporated e Increase production engineer involve-

ment in entry design formulation for
cost reduction, with increased produc-
ibility.

HR Textron e Assist in conceptual design activities,
especially related to spacecraft.

IBM Corporation e Teach manufacturability impacts to
mechanical designers.

ITT Defense Communications ® Analyze design to unit production
costs; provide guidelines for program
estimating; conduct next-generation
design cost reduction studies.

f!

EE; King Radio ' o Use in costing for government con-

% tracts; general guide for manufacturing

PT- engineering.

F! Kirkland Air Force Base e Conduct cost studies; TechMod studies; ﬁ

’

e

producibility studies; and evaluate
pricing proposals.

- vy T w
D

-
4

b Lawrence Livermore National e Provide a teaching tool to improve }

Eg Laboratory estimating skills. j

r'_“' 1‘

L

o Lear Fan, Limited e Estimate costs of new composite air-

F% craft projects

é? Lockheed Aircraft Service e Analyze both subcontract costs and

- Company internal costs. 1

o ;

re Lockheed=-California Company o Improve design and fabrication of .|
advanced composite structures for ‘
production.

e Conduct material and manufacturing
trade-off studies on ATF advanced
design, NASA composite wing, and

. advanced anti-submarine patrol de-

e signs.

kY
!

-,
Ty

Lockheed Electronics Company e Estimate subcontractor costs for
componentry and system.

N LS
»
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Organization

Lockheed Electronics Company

Lockheed-Georgia Company

Lockheed Missiles & Space
Company

Loral Electronic Systems

Management Enterprises
Incorporated

Martin-Marietta Corporation
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Application Cited

Assist in upgrading manufacturing
capabilities and keeping ICAM Com-
mittee up-to-date on latest develop-
ments in the field.

During ISMC project review, locate

any potential applications that may
be useful to Computer-Aided Manufac-
turing Systems.

Asgist in R&D work on composites and
composite cost reductions; reduce
metal AIC costs.

Guide in preparing a handbook on de-
sign alternatives for achieving
design-to-cost targets.

Improve existing computerized estimating
technique.

Conduct preliminary design trade-
offs for D5 (Trident II) fleet bal-
listic missile.

Apply to all new design decisions, which
are dependent on lower repetitive pro-
duction cocts.

Investigate alternative strategies
during the design phase of a program
to integrate our design and manufac-
turing processes, via a CAD/CAM system,

Provide reference material and data
source for decision making involving
military avionics.

Use for awareness and uncerstanding
of various cost relationships in
aircraft manufacturing.

Assist in productivity analysis;
conceptual designs; manufacturing
engineering pre-planning.
Automate producibility and cost-

effectiveness analysis in computer-
aided engineering department.
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Organization

Martin-Marietta Corporation
Denver Division

Martin-Marietta Corporation
Michoud Division

Massachusetts Institute of
Technology

Maul Technology Corporation

McDonnell Douglas Aircraft
Company

TTD450260000
12 Sept 1984

Application Cited

Prepare independent cost estimates
for our Design-to-Cost/Life-Cycle
estimstes.

Evaluation for potential cost esti-
mating and cost control for use on
various contracts.

Estimate costs of composite fabri-
cation and introduce cost reductions.

Redesign of space shuttle external
tank; new design of shuttle derived
vehicles; space station; orbital
transfer vehicle; etc.

Help generate report to Office of
Technology Assessment on potential
for composites and ceramics used

as substitutes for critical materials
(cobalt, platinum, manganese, and
chromium).

Provide a guide for planning an up-
graded computer-integrated manu-
facturing system within a $20 million
capitalization program.

Guide the modeling of operations --
target and cost data.

Improved advanced design cost models.

Use as model for in-house manual to
direct design engineers toward cost
effective designs.

Conduct "should cost" evaluations and
estimate advanced design cost estimates.

Assist in manufacturing methods cost
studies, manufacturing equipment
procurement decisions, tooling studies,
and establishment of manufacturing
criteria.

Design planning and reference docu-
ments; conduct value engineering pro-
gram; assist in DTUPC programs.
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Organization

McDonnell Douglas Aircraft
Company

McDonnell Douglas Astronautics
Company

MDS - Qautel Corporation

Memorex Communications

Corporation

Midland Ross Corporation

Miniscribe Corporation

Motorola, Incorporated

NASA Lewis Research Center

NASA - George C. Marshall

Center

National Waterlift Company

Naval Air Development Center
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Application Cited

Compare both manufacturing and
quality assurance methods; analyze
automated vs. manual processing.

Producibility engineering -- SMAW;
"Dragon'; cruise missile programs.

Asgsist in implementing the concept
of flexible manufacturing systems
in computer business.

Restructure material/manufacturing
flow; segregate materials flow into
minute elements. :

Use as design and cost estimating
tool on annunciator units, exterior
lights, crew station lights, in-
terior lights, and landing lights.

Assist in electromechanical value
engineering and establish labor
standard guidelines.

Review current concepts of manu- !
facturing planning. |

Optimize manufacturing philosophy
and its implementation.

Help guide design and development
of composite propulsion components. |

Asgist in preliminary design and

detail design trade-offs of struc- |
tures for shuttle payloads and }
experiments. |

Assist in design and manufacture of
fly-by-wire electronic control
systems.

Estimate costs of Naval aircraft
and aerial target drones.
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TTD4 50260000
12 Sept 1984

Organization Application Cited
Naval Air Development Center e Provide design information for air-

craft modifications and instru-
mentation systems.

Naval Materiel Command o Develop design process sequences
: on Navy programs. .
Naval Underwater Systems e Control costs of underwater weapon ;
Center systems acquisition, :
Newport News Shipbuilding e Investigate use in the shipbuilding |
business. 1
University of New York e Assist in continuing work with

National Academy of Science com-
mittees and panels,

Northrop Corporation e Aid in selecting R&D projects to
improve low cost production capa-
bility and in selecting lowest cost
processes for modernization; as guide
to development of Factory-of-the~
Future.

o Use as integration tool in ICAM
projects.

o Improve engineering/manufacturing
producibility and cost avoidance on
F/A-18A programs.

A

@ OECO Corporation o Estimating costs for electronic

b equipment (MIL use) and internal
COR manufacturing cost comparisons.

v

:%; OMNIA e Assist clients in making cost esti- ’
'i mates on commercial and industrial
T composite parts.

N

" Peat, Marwick, Mitchell and e Assist in advising clients on

o Company feasibility of computer-integrated

manufacturing.

Pennsylvania State University e Provide educational aids for classes
and research resource in subject
areas.
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Organization

Perkin Elmer Croporation

Pillar Corporation

Piper Aircraft Corporation

Pitney Bowes

Pratt & Whitney Aircraft
Group

PRC Systems Services Company

Procter & Gamble Company

Ramsey Controls

Raytheon Data Systems
Company

TTD450260000
12 Sept 1984

Application Cited

Asgist in developing a portable wear
analyzer for an atmospheric monitor
for the Navy and a cardiopulmonary
measurement system for NASA.

Improve manufacturing costs in pro-
duction of induction heating
equipment.

Assist in planning and designing
production version of the Enforcer
project.

Analyze costs for equipment and
processes for automatic assembly
of printed wiring boards.

Establish similar guidelines for
engines.

Inclusion in a NASA Data Base System
covering research on materials, lead-
times, etc.

Provide background for corporate
team tasked with developing methods
for master planning of advanced
integrated manufacturing systems.

Aid in designing electronic com-
ponents and sine assemblies for use
in industrial motor control centers.

Reduce costs, simplify manufacturing
_operations, exemplify least cost
design, and improve efficiency and
and competitive posture.

Integrate into the division's manu-
facturing function.

Provide a baseline for CAD/CAM imple-
mentation, construction cost trade-
offs, and development of component
ranking.
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TTD450260000
12 Sept 1984

Organization Application Cited
Reliance Electric e Integrate cost estimation procedures

into R&D activities.

Rockwell International e Support development of new aircraft '
Corporation designs such as VMX and ATP.
o Determine feasibility of economi- .

cally converting machined parts to
castings and forgings.

e Provide an aid for planning/imple-
menting the fabrication of Global
Positioning Satellites, which con-
tain composite materials. : i

e Supplement life-cycle cost analysis
programs.

e Provide guidance in research efforts
on automation.

e Conduct producibility improvements
on B-1B hardware.

o Support development of lightweight
spacecraft structures.

e Assist in preliminary design of
shuttle upper-stage vehicle con-
figurations and subsystems.
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e Project new WGAOO4 system costs
and support trade-off studies.

Expedite and improve structural
trade-off studies; train recent
college graduates.

Rohr Industries, Incorporated o Determine cost-drivers, conduct
cost estimates, and compare costs

o of manufacturing processes.

gﬁ SAB Harmon Industries e Enhance the cost and performance

°® effectiveness of our design/develop-

M ment efforts. *
E% St. Louis University e Support instruction in aerospace

*ﬁ programs.

L\

®

o Schaevitz Engineering e Assist in bidding and cost analysis

for aerospace contracts with govern-
ment contractors.
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TTD450260000
12 Sept 1984

Organization Application Cited
Scheldahl e Conduct cost trade-offs on design of

flexible printed wiring assemblies
for commercial and military applications.

Schindler Haughton Elevator e Cost avoidance in the design of our
Corporation product ~-- electronic controls for
elevators.

A. H. Schlueter, Incorporated e Guide consulting efforts dealing
with DTC, LCC, and systems manage-
ment activities.

Science Applications, Inc. @ Assist in modernization study of
small arms plant under DoD contract.

Shaban Manufacturing o Improve the design of industrial
instruments and reduce costs.

The Singer Company e Provide reference for analyses of
new inertial guidance product designs
for producibility.

Sperry Defense : e Design changes; producibility studies;
cost estimating; cost/benefit trade-
off studies.

SRI International e Provide guidelines in industry pro-
file and market evaluations, acqui-
sition/diversification reviews, and
technology development-manufacturing.

Structural Dynamics Research o Familiarize organization with the
Corporation character of interaction between
design and manufacturing functions.

g Systems Research Laboratories, e Provide guidance in combining several
ﬁ Incorporated small shops to establish a manufac-
& turing facility that follows ICAM

i methodology.

and/or cross check for the design
and development of advanced radar

o} )
J Technology Service Corporation e Provide a cost-estimating reference
. i
|
{ systems and simulators for DoD programs.

B-17

LIS ‘ »

P e T N A S e e g g

aat




[\\. T TTRE A TARAFIIAARD AT ATHNRT NN T VM LT LT TR N VN SN TT YA O W W N ST A N WO T wf'v'r:"rrnw:vvv“wwmrrw"rmvj
A

{
&
!
!
{

TTD450260000
12 Sept 1984

Organization Application Cited
Teledyne Brown Engineering e Review all ongoing projects for cost f
improvement. !

e Improve computer design and produci-~
bility, as well as reduce costs.

e Enhance and/or modify current cost
estimation procedures for electronic

products. ‘
Thiokol Corporation o Evaluate low cost techniques for :

propulsion systems and gas generator !

applications. ‘
Tracor, Incorporated e Aid in design and fabrication of

penetration aids deployment system
for Peacekeeper and similar missile
systems and of countermeasure dis-
penser systems. ]
|

TRW, Incorporated ‘ e Stimulate increased use of computer-
integrated manufacturing disciplines.

TRW Harrisburg Airfoils e Provide reference documents for
efforts to install computer designed
forging dies and manufacturing pro-
cess tooling; reduce production costs.

U.S. Army e Technology transfer, identify areas
where manufacturing technology work
is required.

U.S. Army Armament Research e Provide a cost/design reference for
and Development use with aircraft and related weapon
system ard fire control component use.

U.S. Army Aviation R&D Command e Assist in estimating and evaluating
cost estimates for composite com- ;
ponents for Army aviation weapon '
systems and subsystems. ‘

U.S. Department of e Corduct research in manufacturing
Transportation processes.

U.S. MICOM, Kedstone Arsenal e Evaluate MMET project and provide
project management support through
production engineer-analysis.
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Organization Application Cited _
United Technologies e Assist in meeting design-to-cost
Corporation objectives and improving producibility.

e Promote producibility activity; foster
engineering design and manufacturing
engineering cooperation.

e Provide reference in the design and j
manufacture of diesel fuel injection
systems.

® Guide modernization of cost estimating
program and evaluate future equipment
requirements.

Vertex Peripheral ' e Obtain more efficient and cost-
conscious designs for disk drives.

Vought Corporation e Develop cost forecasting tools for
use in proposals to various govern-
ment. agencies.

e Establish conceptual framework for
the Factory-of-the-Future.

N e Guide for cowiinued emphasis on cost ;

%& reduction.

Ay %

e e Assess state-of-art in this area and

o compare to current company estimating }
techniques. }

e Conduct early trade-off studies, pre-
liminary design, and production de-
sign of aerospace and military
products.

¢ Improve new products selection and
planning; institute total cost contrel.

}u . Westinghouse Electric e Forecast, monitor, and control costs :
. Corporation of vendor and in-house parts and ?
@ components on new apparatus; reduce

;;t : costs on existing designs. 1
<) !
N ‘
oy Whittaker Corporation e Implement design/cost goals on many

> programs.

"
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Organization Applicatior Cited
Williams International e Incorporate into technology modern-

ization planning for production of
cruise missile engine.

<
Worldway Postal Center e Evaluate various proposals, develop
estimates on projects; assess .
opportunities for cost reduction in |
areas. '
{
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APPENDIX C ' TTD450260000

PRESS RELEASES ON "MANUFACTURING 12 Sept 1984

COST/DESIGN GUIDE"
}*ﬂ.( News Release
27 United States Air Force

AERONAUTICAL SYSTEMS DIVISION, OFFICE OF PUBLIC AFFAIRS (ASD/PA)

WRIGHT-PATTERSON AFB, OH 45433 (513) 255-2725/2726
ASD/PAM B2-165 |

DESIGNER's GUIDE WITH
A NEW APPROACH

WRIGHT-PATTERSON AFB, Ohio, June 30, 1982 --- A "Manufacturing
Cost/Design Guidce" (MC/DG) is being established by the Materials
Laboratory so that airframe and electronic designers have available-- §
within one reference source--cost estimating data on aerospace parts ;
manufacturing, assembly and test, insbection and evaluation.

Providing such a guide to designers, Air Force engineers say, |

ensures the lowest cost product for new weapon systems. The MC/DG i

enables more extensive manufacturing trade-offs on airframe components

and aerospace electronic fabrication and assembly than previously

N possible. ?
gg The laboratory's Manufacturing Technology Division, Computer i
g{ Integrated Manufacturing Branch, began development of the new guides

?' in 1975 with Battelle's Columbus Laboratories, Columbus, Ohic. The

:i , sections completed to date are: sheet metal discrete parts; composites: |
&E mechanically fastened assemblies; castings; forgings; extrusions; test,
Ei inspection and evaluation; and electronics fabrication and assembly.

;é Air Force project engineer Capt. Richard R. Preston says that E
Eg since the laboratory "constantly receives reports of implementation J
E; and resulting improvements from users of the guide, we feel the time
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TTD450260000
ASD/PAM 82-165 cont... 12 Sept 1984

and funds spent during the last seven years have been very cost-
effective.

"Based on this good acceptance," he continued, "we are planning
additional sections of the MC/DG for machining, adhesive bonding, and
superplastic forming/diffusion bonding, and we want to expand the .
section on composite materials."

The guide can be used by the design, manufacturing and pro-
curement departments. It improves communication and interaction
between manufacturing engineers and designers throughout the airframe
and avionic design processes.

The guide is particularly useful at the preliminary design phase i
where the leverage exists to achieve maximum cost savings and afford-
able performance: i.e., funds expended are low, yet the decisions
made have significant impact throughout the manufacturing, operations
and maintenance of an aircraft.

Cost information in the guides is provided on formats that are

developed to; emphasize cost-drivers, be simple to use, use designer
language, instill designer co