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. The second program (Gontract No. F33615-77-C-5027) consisted of four phases in

" orientation and number of plies, overlaps, fiber mix, cutouts, and quality re-

\ on various fuselage panels designed in titanium, aluminum, and graphite/epoxy.

The third program (Gemtract Ne; F33615-79-C-5102) required the development of

20, (Continued)

The first program,. reported in AFML-TR-76-227, developed a model of the MC/DG,
the contents, cost drivers, data requirements and designer-oriented formats for
conventional and some emerging manufacturing technologies, and also an imple-
mentation plan, .

which manufacturing man-hour data and designer-orieunted formats were developed

for "Sheet-Metal Aerospace Discrete Parts’, *First-Level Mechanically Fastened

Assemblies‘, and"Advanced Conposite Fabrication®. Further, stiructural 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
formaté. Data have been developed for base parts and discrete parts. The base
part is a structural element in its simplest foxm 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

quirements.

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

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. I4E was included in the MC/DG as, in the case of certain
materials such as graghite/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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This project ig reported in a six-volume Final Technical Report as follows:

VOLUME I. User's Manual - Airframes Volume 1
Containss

e Utilization Procedures

e Trade-Off Study Examples

® MC/DG Sections for:
- Sheet Metal
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~ Composites

VOLUME II. User's Manual - Airframes Volume 2

Contains:
e MC/DG Sections for:
- Extrusions
- Castings
- Forgings

VOLUME 11I. User's Manual - Airframes Volume 3
Contains:
® MC/DG Test, Inspection & Evaluation Section for:
- Sheet Metal
~ Mechanically Fastened Assemblies
- Castings
- Forgings
- Hachining
~ Composites

VOLUME 1V, User's Manual - Electronics Volume 1
Contains:
e Design Process Descriptions
e Conceptual Design Section for:

- New Technology - Part Count
. ~ Number of Assemblies - Part Selection
: -~ Common Functions -- Reliabilit
- Digital Design -~ Package

- Built-in Test
o Detall Deslign Section for:

~ Mechanization -~ Insertion Process
: - Processes ~ Soldering Processvor
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FOREWORD

This Manufacturing Cost/Design Guide document covers the work performed
under Air Force Contract F33615-79-C-~5102 from 1 October 1979 through
1 October 1982, The contract is sponsored by the Computer Integrated Manu-
facturing Branch, Manufacturing Technology Division, Materials Laboratory,
Air Force Wright Aeronautical Laboratories. The ICAM Project Manager is
Capt. Richard R. Preston. In previous phases, the following Air Force per-
sonnel directed the program; Mr. John R. Williamson, Capt. Dan L. Shunk, and
Capt. Steven R. LeClzir.

The organization of the program is comprised of a coalition of seven
participating companies with Battelle's Columbus Laboratories (BCL) as the
prime contractor. Mr. Bryan R, Noton is the BCL Program Manager. The other
participating companies of the coalition are listed below:

Program Managers

General Dynamics Corporation, Fort Worth Ben E. Kaminski
Division Phillip M. Bunting

Vincent T. Padden
Anthony J. Tornabe

Airframe Company Subcontractors

Grumman Aerospace Corporaticn

Robert R. Remski

Anthony J, Pillera
John F, Workman

Honeywell, Incorporated
Lockheed-California Company

Northrop Corporation, Aircraft Group John R. Hendel
Al P. Langlois

Rockwell International Corporation, Ralph A. Anderson

North American Aircraft Operations

Rockwell International Corporationm, Avionics John G. Vecellio

& Missiles Group, Collins Avionics Division

In Critique Mode: Boeing Commercial Airplane David Weiss
Company Peter H, Bain

Note that the number and date in the upper right corner of each page
of this document indicates that the document has been prepared according
to ICAM's Configuration Management Life Cycle Documentation requirements

for Configuration Items (CIs).

Approved by:
BRY R. NOTON,
MC/DG Program Manager
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SECTION 1
INTRODUCTION

1.1 Scope

With its step-by-step approach to attaining optimum performance at
minimum cost, this '"Manufacturing Cost/Design Guide" (MC/DG) is a tool
developed expressly for designers. The need for such a guide has long
existed. It presents easy-to-use formats that provides designers with
manufacturing cost data developed from industry-wide practice. It allows
the user (design, manufacturing, and procurement personnel) to quickly
make the trade-offs necessery to achieve lowest acquisition cost with
confidence., During the design phase, designers with different levels of
experience can conduct simple trade-offs between manufacturing processes
for metallic and composite airframe components and assemblies. The MC/DG
also establishes data at a level that complements and is conducive to
computer-aided design and manufacturing systems.

The MC/DG was developed by establishing a model for its contents.
Manufacturing cost drivers and data requirements were identified., De-
signer-oriented formats meeting specified criteria for conventional
and emerging technologies were recommended. Based on this model, three
MC/DG sections were developed to determine the effectiveness of the
overall concepts. These concepts, focusing on sheet metal aerospace
discrete parts and first-level mechanically fastened assemblies, were
demonstrated and proven. The applicability of the concept to the fab-
rication of composites was also studied, and, while a broad data
development effort was not initiated, the concept was again demonstrated
and proven. However, limited data has been developed for composites and
is included in the contents of these volumes., Designers from major aero-
space companies used the data and formats to conduct trade-off studies of
structural performance and manufacturing cost of fuselage panels in alumi-
num, titanium, and composites. The results provided significant measur-
able benefits and justified continued expansion of the guide to include
sections on forgings, castings, extrusions, and test, inspection, and
evaluation (TI&E) of sheet metal, composites, castings, machining, and
assembly, The MC/DG includes formats providing manufacturing cost data
and detailed instructions for their use.

Table 1-1 lists the functional data sections of the '"MC/DG for Air-
frames'.

1-1
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TABLE 1-1.
MC/DG VOLUME CONTENTS:
MANUFACTURING TECHNOLOGIES FOR AIRFRAMES
] n " W v i
srocunso | Maremas | owvan | warsmac | sssameiv: | masection
imau costs | MaMovA RICAT sArug COSTS | AND EVALUA.
EXTRUSIONS | MACNG | SHEET MITAL | wEaT werALLC | sweaT waTaL
{UNDEA TREATMENT ASSY.
casTvos OEVELOPMENT) | commosies AssamaLy
ronamcs TREATMENT wetaue | castmas
' ronamas
*MAJOR AND BACHINING
FINAL
AnsEmaLY COMPOSITES

CATEGORMS = PROCURSD ITEM COSTS, ETC.

SECTIONS

= POROINGS, ETC.

SUSSECTIONS = MACHNING, ETC.
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1.2 Objectives

The Manufacturing Cost/Design Guide (MC/DG) Study was initiated 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

4) Provide for ICAM Technology Transfer

5) Improve the USAF's mobilization position

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

The Project Objectives are directed at reducing the cost of Alrframes
and Electronics. The specific objectives include:

1) Provide to designers urgently needed, quick, simple, and
quantitative cost comparisons of manufacturing processes

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

3) Enable more extensive manufacturing cost trade-offs to be
conducted on airframe components and aerospace electronics
fabrication and assembly

4) Emphasize potential cost advantages of emerging materials and
manufacturing methods accelerating the transfer of these
technologies to production hardware

5) Guide the designer to the lowest cost manufacturing process
early in the design phase

6) Identify cost-driving manufacturing operational sequences,
which provide targets for future computer-aided manufacturing
(CAM) efforts.

The importance or leverage to reduce cost at various stages during the
airframe design process is shown.in Figure 1-1. In an effort to achiave
minimum cost, the performance of the designer and manufacturing engineer is
often evaluated on the factoras shown in Figures 1-2 to 1-4,

To provide an overview of the MC/DG sections and contents, a general-
ized selection aid is shown in Figure 1-3.
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1.3 Designer-Oriented Format Design Criteria

The formats and methodologies developed for the MC/UG concept (AFML-
TR-76-227) were used as the basis for format development in the MC/DG for
Airframes and also Electronics Fabricaticn and Assembly. Each project mana-
ger in industry was resnonsible for having the following categories of per-
sons review the data requirements and formats:

e Management (concurrence necessary to assure MC/DG utili-
zation, i.e., achieve technology transfer)

o Engineering (design and support)

e Manufacturing (fabrication, tooling, and quality control)

e Procurement (materials, parts, and equipment).

Furthermore, designer surveys of the MC/DG resulted in the following
feedback:

Must be simple whenever possible

Must not be time-consuming to use in the design process
Complicated calculations should be avoided

Manufacturing data are urgently needed but with .
designer orientation .

No single airframe company can provide all manufacturing
cost data required due to varying expartise

e Designers are more concerned that it is the lowest cost
rather than what it costs, i.e., qualitative comparisons
are ilmportant.

It was agreed that the MC/DG formats must meet the following critaria:

Emphasize cost-drivers
Be simple to use

Use designer language
Instill confidence

Be economical

Tie accessible

Be maintainable.

The following is a detailed explanation of the format development cri-
teria.

1.3.1 Emphagize Cost-Drivers

The MC/DG will emphasize sensitive factors, which by minor variacion
in selection can cause mgjor increases or decreases in manufacturing cost.
The degree of impact on manufacturing cost during the design, developed
through the selection of materials, manufacturing, and fabrication pro-
cesses, must be depicted in formats and data that will make the designer’
readilty aware of those elements of design (cost-drivers) that pose manu~
facturing cost hazards.
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1.3,2 Be Simple to lse

The Cost-Driver Effects (CDE) and Coet-Estimating Data (CED) formats
used to guide designers will require little or no arithmetical calcula-
tions to determine the cost comparisons of design/manufacturing alterna-
tives. The cost impact formats and graphics will provide more direct
read-out of man~hours through maximum use of simple curves and tables.

1.3.3 Use Designer Language

Ths primary purpose of the MC/DG is to display manufacturing process

capabilities and costs in a manner that will permit designers to select

the most economical manufacturing approach. The formats must be developed
through a close working relationship with design personnel at all the team
member companies and through constructive recommendations submitted during
the development of the MC/DG. The charts and terminology included with
the formats must be common to the engineering community and be of the types
vwhich are recognized and employed by the designer in his daily engineering
tasks.

1.3.4 Ingtill Confidence

The designer must have a high degree of confidence in the CDE and CED
formats and manufacturing man-hour data if the MC/DG is to serve a3 a use-
ful working tool for design. The formats developed will be reluted to
practical and meaningful cost trades that ure illustrative of airframe de-
sign decisions made everyday by designers. The formats must clearly pro-
vide an MC/DG for making trade-off decisions between manufacturing tech-
nologies with both comparative and quantitative cost data. It 1s recognized
that the degrce of accuracy of manufacturing man-hour data integrated into
the formats will be a significant factor in determinating the confidence
aud degree of utilization of the MC/DG in industry.

1.3.5 Be Economical

Minimizing acquisition and maintenance costs of the data and formats
takes high priority item in the development of the MC/DG.

1.3.6 Be Accessible

The MC/DG must be readily available at all designer locations. This
will be handled differently within each company, but along similar lines.
Copies of the MC/DG can be issued to individval designers or small engi-
neering groups. The wider the distribution of the MC/DG to individual users,
the more extensive use can be expected. The breadth and distribution should
be weighted between the ease of access by individual designers and the cost
of distribution. Computerization will greatly enhance the accessibility.

1.3.7 Be Maintainable

The formats must be developed to facilitate maintenance of the MC/DG.
In today's highly fluid technical and eccnomic environment, the useful life

1-8




s e e i s e

e g = - e e B

FTR450261000U
3 Jan 1983

of the MC/DG will depend upon the flexibility of the formats to accept
revised or new data. One approach is through computer preparation of
individual pages of loose~leaf-type volumes. The data would be stored
in the central data bank and, for user accessibility, transmitted via

.telephone connections to remote terminals to each company for printout

and multiple distribution. This is discussed in Volume III of report
number AFWAL-TR-80-4115 dealing with MC/DG computerization.

1.4 Data Presentation Methodologies

Throughout the presentations of MC/DG data requirements and formats,
the following two terminologies are frequently used:

COST-DRIVER EFFECTS (CDE)
COST-ESTIMATING DATA (CED),

The objectives of the CDE and CED methodologies are:

¢ To develop a simple approach for the use of
formatted data by designers to achieve lower
fabrication costs during design phases; both
CDE  and CED.

e To provide qualitative cost guidance to per-
form simple trade-offs to achieve lowest COMPARISON
fabrication cost; CDE,

DIRECTION

e To provide the designer with the capability
to perform simple trade-offs to achieve
quantitative rough-order-of magnitude (ROM)
estimated fabrication costs; CED.

The CDE and CED methodologies provide the designer with cost guidance
for achieving lower manufacturing costs at the preliminary detailed design
phase: )

CDE achieves qualitative results
CED provides quantitative results,

The CDE approach enables preliminary and production designers to:

e Identify the intensive cost-drivers that increase the
manufacturing cost of the design

® Determine the relative cost effects of cost-drivers
over which they have control

e Determine pertinent cost data that allow them to per-
form eimple trade-offs leading to comparative costs
for those configurations evaluated.

m— - ——— S
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The CDE approach motivates designers. They can obtain iow cost designs,
providing they take full advantage of the CDE data and use the lower ond of
the cost range wherever possible, while satisfying the performance and reli-

ability requirements.
The CED approach provides preliminary and detail designers with the

ability to perform cost-estimates through the use ¢f simplified formats and
data. CED values are both quantitative and comparative.

}J.5 Data Generation

1.5.1 Recurring Costs

Throughout the MC/DG, team average production man-hours are given. Di-
rect material costs ai2 not included. The direct factory labor costs for
manufacturing base parts and designer-influenced cost elements (DICE) were
generated by the participating aerospace companies using their own time
standards, excluding personal fatigue and delay (PF&D) allowances. In ‘e-
veloring data for recurring zosts for base parts and DICE, general and ue-
tailed ground rules were formulated by the coalition to assure consistent
Jwsults, Elements that affect the costs, such as lot release, program
quantity, and learning curves, were included in the generation of data.

Direct factory labor recurring costs consist ol set-up (SU) time and
run time. The SU time is that time required to prepare for a production
operaticn. The SU tilwe is requirud once for each manufacturing lot of
parts.

The production run time is that time required to produce a2 single part
from the raw stock to part completion ready for storage or use in assembly.
The direct factory iabor time per part is obtained by dividing the SU time
by the lot size, ¢.g., 25, as an industry aversge, and then adding the run
time per part.

To facilitate the use of the MC/DG, the direct factory labor and man-
hours per part have been adjusted to reflect the part cost in man-hours at
unit 200, To achieve this, each company has applied its own proprietary
learning curves. Unit 200 base part, DICE costr, and nonrecurring tooling
costs (NRTC) submitted by the team companies have been normalized by BCL and
pletted on the vavious CDE and CED formats.

1.5.2 Nonrecurring Tooling Costs (NRIC)

Standard tools are used, when available, to fabricate the base part and
to incorporate the DICE. NRTC is documented in man-hours.

As used in the MC/DG, the NRTC includes the cost of those contract
tools required to make the part. ELxamples are forming tools, trim tools,
and templates (check, drill, or router templates, etc.). The tools required
to pruduce the tools wer: not incluaed, e.g., tooling templates, tooiing
masters, and mock-ups. Tool materizl costs are included only when
significant.
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2.2 Terms and Abbreviations

2.2.1 Glossary

Auxiliary Operations: Additional processing to the forging to obtain
shapes, surface conditions, or other nroperties nét obtzinable in the
regular forging cperation.

Base Part: A detailed or discrete part in ita simplest form; i.e.,
without couplexities.

Base Part Cost: The standard hours to fabricate the base part projected
on an improvemeut curve to unit 200. (The basec cost is derived by
applying the learning curve factoi to the sum of the standard hours
required for the complete fabrication of the base part.)

Beading: A forming operation in which a ridge or elongated projection is
raised on sheet metal.

Bender: The portion of the dies which forms the metal so that the longi-
tudinal axis is in two or more planes.

Bend Radius: The radius measured on the inside of a bend which corre-
sponds to the curvature of a bent specimen or the bent area in a formed
part.

Blank: The piece of sheet metal, produced in cutting dies, that is to be
subjected to further press operations. A blank may have a specific shape
developed to facilitate forming or to eliminate a triuming operation
subsequent to forming (see Blank Davelopment).

Blank Development: The process of determining the optimum size and shape
of a blank for a specific part.

Blank Holder: That part of a forming die which holds the blank by pres-
sure againat a mating surface of the die to control metal flow and prevent
wrinkling. The blank holder is sometimes referred to as "Hold Down'.
Pressure may be applied by mechanical means, springs, air, or fluid
cushions.

Blanking: The act of cutting a blank.
Blast Cleaning: A process for removing the oxide surface, or scale, from
torgings by propelling grit or shot at high velocity at the work in order

to clean it.

Blockiag: A forging operation which imparts to the forging its general
but not exact or final shape.
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Blocking Impression: The impression which gives the forging its general

shape.

Blow: The impact or other pressure produced by the moving part of any
forging unit.

Boss: A projection on the main body of the forging.

Box Anneal: An innealing process whereby the steel to be annealed is
packad in a closed cuntainer to protect the surfaces fiom oxidation.

Brake Forming: A forming process in which the principal mode of deforma-~
tion is bending. The equipment used for this operation is commornly
referred to as & press brake.

Brake Press: A form of open frame, single action press comparatively
wicde betwzen rhe housings, with bed designed for holding long narrow
forming edges or dies. It is usced for bending and forwming strips and
plates.

Check: A crack in a die impression, usually in a corner, generally due to
forging strains localized at some relatively sharp corner.

Clean: The operation of removing the oxide coating, or scale, from the
surface of the forging.

Coining: The operation of applying heavy pressure in a coining press to a
surface to obtain closer tolerances or smoother surfaces. In the strict
sense, the term used should be sizing.

Coining Dies: Dies in which the coining or sizing operation is
perfcrmed.

Cold Shut: A forging defect caused by the meeting of metal surfaces
without welding and within the die impression.

Consumed Weight: The weight of received material expended, divided>by
the number of forgings accepted by the customer. All scrap rejects and
material loss from any cause is included.

Contract Tools: Tools that are chargeable to a specific part or contracvt
and are unique to that contract.

Cut Off: A blanking operation in which cutting is performed along a line
so that no scrap is gernerated.
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Cut-Off Die: Sometimes called a trimming die. The cut—off die can be the
last die in a set of transfer dies which cuts the part loose from the
scrap, or it can be a die which cuts straight sided blanks from a coil for
later use in a draw die.

Cutoffs: A pair of blades either milled in the corner of a pair of
forging dies, or inserted in the dies, used to cut sway a forging from the
bar after the finishing blow.

Cut Weight: The weight of material necessary at the machine to fabricate
one forging. This equals the net weight plus flash, sprues, tonghold, and
scale loss.

Designed Tools: Tocls of such a complex type that a design effort is
required to ensure proper end results.

Designer-Influenced Cost Elements: Those designer-influenced cost
elements (DICE) which might include joggles, holes, bends, lightening
holes, and special tolerances that add cost to the basé¢ part configura-
ticn. These additional costs are due to the increased operations required
over the standard manufacturing method (SMM).

Detailed or Discrete Part: The lowest form to which an airframe struc-
ture can be broken into its elemental units, i.e., base part with
complexities.

Developed Blank: A flat blank with a shape that will produce a finished
part with the desired configuration with a minimuw of trimming
operations.

Die: (a) A complete tool used in a press for any operation or series of
operatiora such as forming, iuwpressing, piercing, and cutting. The upper
member or members are attached to the slide (or slides) of the press, and
the lower member is clamped or bolted to the bed or bolster, the die
members being so shaped as to cut or form the material placed between them
when the press makes a stroke. (b) The female part of a complete die
assembly 23 described in (a).

Die Clearance: The space, on each side, between punch and die.

Die Holder or Shoe: A plate upon which the die components zre mounted.

Die Set: A stzudardized unit consisting of a die heolder or lower shoe,
punch holder or upper shoe, and guide pins or posts.

Die Shift: The movement of the dies from their proper place in relation
to each other.
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Draft: The amount of taper on the side walls of die impressions to aid
the removal of the forging from the dies. Applied also to the metal on &
forging caused by this taper.

Draft Angle: The taper of the draft expressed in degrees.

Drawing: Reheating after hardening to a temperature below the critical
range, followed by any desired rate of cooling.

Drawing: A sheet metal deformation proceas in which plastic flow results
in a positive strain (e ) in one direction in the plane of the sheet
surface and a negative utra;n (ey) at 90° to (e;) in the sheet surface.
Drawing can only occur when sheet metal flow under the blank holder is
permitted. The term drawing is sometimes loosely used to describe a wide
variety of press forming operations which are actually otretch forming
operations or a combination of stretching and drawing.

Drop Forging: A forging made in a drop hammer (see Forging).

Edger: The portion of the die that distributes the metal in a general
proportion of the shape to be forged.

Fabrication Planning Functicn (Methods): The effort required to generate
the SMM and complexities lnd additional operations required for part
fabrication.

Faying Surfaces: - Joining surfaces in contact, e.g., bond area of adhe-
sively bonded joints.

Fillet: A radius imparted to inside meeting surfaces.
Fiat See Flash.

Final Yield: The quotient from dividing the net weight by the concumed
weight.

Flanging: A bending operation im which & nerrow strip at the edge of a
sheet ia bent down along a straight or curved line. It is used for edge
strengthening, appearance, rigidity, and the removal of sheared edges. A
flange is often used as a fastening surface.

Flash: The metal that is it excess of that required to £fill out the final
impression in a pair of dies and moves out as a thin plate around the
parting line of the dies. Also called fin.

Flast Pan: The portion of the die which has been machined to permit the
excess metal to flow through.
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Forging: The product of work on plastic metal formed to e desired shape
by pressure. Forgings are formed in dies in a drop hammer, forging
machine, or forging press. The forging hammer imparts intermittent
impact pressure, and the forging machine (upsetter) and the forging press
impart squeeze pressure. While some metals, including a few steels, can
b. .old forged, the majority of metals are made plastic by heating for
forging.

Forging Strain: A strain that has been set up in the metal by the process
of forging. It may be relieved by a subsequent annealing or normalizing.

Fuller: That portion of the die used for reducing the cross section of
the stock.

Gathering Stock: Any operation whereby the cross section of a portion of
the stonk is increased above its original size.

Gra.® ow: The direction of flow lines.

Grain  .e: The size of crystals in metal when measured with some
standara.

Gross Weig».: The weight required to produce one forging. May have the
meaning o. Cut Weight or Multiple Bar Weight or Consumed Weight. See
those definitions.

Gutter: rne portion of the die which has been relieved to provide for the
excess metal after it passes through the flash pan.

Handling Holes: Holes drilled in opposite ends of the die block is permit
handling by the usc of a crane or bar.

Baidening: A method of increasing the hardness of a metal by controlled
heating and cooling.

Hardness: Generally, the resistance of metal to deformation by mechan-
ical force. Also referc to the hardness numbers obtained in testing for
hardneas by any of the several hardness tests.

Heat: Temperature of the metal, or the operation of increasing the
teuperature of the metal for heat treating or forging purposes.

Heat Treatment: Any operation or operations of heating metal and cooling
it in order to bring out desired physical properties.

Hub: A boss which is in the center of the forging and forms a part of the
body of the forging.
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Impression: That portion of the dies which has been machined so as to
produce the shape of the forging.

Insert: A piece of steel which is removable from a die. The insert may
be used to £fill a cavity, or to replace a portion of the die with a grade
of steel that is better adapted for service at that particular point.

Insert Die: A small die containing the impression of 2 forging and which
is fastened in a master block.

Inspection: The process of checking a forging for possible defects or
deviations from the standards given in the specifications. Chemical
inspection is the determination of the chemical analysis of the metal.
Physical property inspection is the determination of the resistance of
the metal to deformation against the application of force in several
forms. Hardness testing is the determination of the relative hardness of
the metal against a standard hardness when tested by one of several
hardness tests. Cold inspection is a visual inspection of the forgings
for visible defects, dimensions, weight, and surface condition. Hot
inspection is a visual inspection of the forging for visible defects
during the time the forgings are in the heated state.

Iron: A press operation used to obtain a more exact alignment of the
various parts of a forging, or to obtain a better eurface condition.

Esg: A surface defect in the forg1ng caused by the folding of metal in a
thin plate on the surface.

Layout: The transference of drawing or sketch dimensions to templates or
dies for use in sinking dies. Also checking a forging or a lead cast (see
below) to determine whether its dimensions are in accordance with those
given in the specifications.

Lead Cast: A reproduction in lead, or a lead alloy, of the die impres-
sion, ottained by clamping the two dies together in slignment and pouring
wolten metal into the finished impression. Also called a lead proof.

Learning or Improvement Curve: A system for establishing unit part costs
to reflect the impact of quantity.

Learnin J_or Improvement Curve Factor: A factor applied by an individual
company to determine the base-part cost at a specific unit of production.

Lock: One or more changes in the plane of the mating faces of the dies.
A conpound lock is one where two or more changes are in the mating faces.
A counterlock is a lock placed in the dies to offset a tendency for die
shift caused by a necessarily steep lock.

Lot Releage: The total number of parts released for fabrication at ome
time.
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Machine Forging: The product of the forging machine, or upsetter.

Manufacturing Equipment: Facilities wused to fabricate parts, e.g.,
brakes, rolls, and presses.

Manufacturing Process: The operations using chemicals, heat treatment,
etc., to meet required functional properties of the part such as strength
and corrosion resistance.

Matched Edges: The wmachined surfaces of the dies at the parting plane at
right angles to each other from which all measurements are determined.
Sometimes called match lines or matched faces.

Methods Code: A means to identify a particular standard manufacturing
method. Required complexities or additional operations to the base part
will be included.

Minimum Bend Radius: That radius about which a metal can be bent without
exhibiting fracture. It is often described in terms of multiples of sheet
thickness.

Mismatch: The misalignment of a pair of forging dies. Also applied to
the condition of the resulting forging.

Multiple Bar Weight: The cut weight plus luss in cutting as saw cut or
torch burn. Crop ends from shearing may or may not be included.

Net Weight: The average shipping weight of all forgings shipped from one
die sinking. Equals shape weight plus die wear and size tolerances.

Non-Designed Tools: Tools of such simple or standard configuration that
no design work 1s required.

Non-Recurring Costs: One-time costs incurred by planning, tooling,
engineering, etc.

Normalize: Heating steel to above its critical range, holding it at that
temperature for the required time, and cooling it in still air.

Normalized Part Cost: The base-part cost and cost of complexities
submitted to BCL by the team members are normaliszed or averaged by BCL for
integration into the MC/DG formats.

Part Cost: Base-part cost with cost of any complexities.

Parting Line: The intersection of the surface of the impression and the
parting plane. Also the flash line on a forging.
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Parting Plane: The dividing plane between the two halves of a pair of
forging dies.

PF&D: '"Personal PFatigue and Delay”. The nonproductive portion of a

worker's daily labor which includes attending to personal needs, equip~

ment failures, and other idle time.
Pickling: Chemical treatment to remove scale from metal.

Piercing: Forming a hole in sheet metal with a pointed punch with no
metal slug fallout.

Planish: Rolling a forging, or some portion of a forging, in s pair of
dies to remove the trim line or to obtain close tolerances. Ganerally a
cold press or hammer operation, but performed at a low temperature at
times.

Planning Function/Methods: The procedures by which the operational
sequence for fabricating tooling is established.

Platter: The entire mass of metal upon which the hammer performs work,
including the flash, sprue, tonghold, and as many forgings as are made at
a time.

Preforming: A forming operation to prepare the sheet metal for subse-
quent operations.

Press Forging: A forging produced by a mechanical or a hydraulic press.

Pressing: The product or prccess of shallow drawing sheet or plate.

Processing Equipment: Facilities used to process parts by chemical
treatment, heat treatment, painting, etc.

Product Assurance: The planned interdisciplinary and systematic estab-
lishment and application of all quality assurance, quality control,
reliability and maintainability actions necessary to provide adequate
confidence on an independent basis that: requirements are properly
specified, that the design will achieve these requirements, that adequate
tests, inspection and evaluation systems are established to detect
nonconformance, and thut the final product will perform the intended
function(s) in the operational environment for the designed life cycle.

Proof: Any reproduction of a die impression in any material (see lLead

Cast).
Punch: The operation of shearing out a slug in a forging to produce a
hole.
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Puncht The part of a tool that forces the metal into the die during
blanking, coining, drawing, embossing, forging, powder molding or similar
operations.

Punching: A process in which a hole is produced in a metal part by
penetration of a punch through the metal into a fitted matching die.

Punch Press: (a) In general, any mechanical press. (b) In particular,
any end-wheel, gap-frame press with a fixed bed used in piercing.

Punch Section: A section of the punch used in cutting, forming, or
flanging operations which is fastened to other sections to make up the
complete punch working edge.

Quality: The composite of all the attributes or characteristics
including performance of an item or product.

Quality Assurance: The planned and systematic establishment of all
actions (management/engineering) necessary to provide adequate confidence
that nonconformance prevention provisions ard reviews are established
during the design phase ond performed throughout the product manufac-
turing and life cycle phases.

Quality Control: The planned and systematic application of all actions
(management/technical) necessary to control raw materials or products and
detect nonconforming material or products through the use of test,
inspsct, evaluate, and audit techniques.

Quench Aging: A phenomenon that occur« naturally in materials following
rapid cooling from an elevated temperature. The result is usually an
increase in hardness and a decrease in ductility.

Realization Factors or Variance: Those factors which account for the
percentage difference betwecn standard hours and actual shop performance
in the airframe industry. Realization factors represent elements, which
are generally applied as multiplisrs to the base standard hours, to arrive
at an "estimated real time" total cost to manufacture a part.

Recurring Tooling Costs: Costs incurred by planning and tool
maintenance.

Restrike: Subsequently striking a forging in dies to align its several
components.

Roller: A preparatory operation in a set of drop forging dies, designed

to move bar forging stock into various forms of revolution so that the
metal is distributed suitably for further forging in drop forging dies.

2-11
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Roll Porming: A process in which coil sheet or strip metal is formed by a
series of shaped rolls into the desired configuration.

Rolling Edger: An edger and a roller combined for the distribution of
metal for further forging in drop forging dies.

Run Time: Base standard hours for the repetitive elements comprising the
job or operation.

Sandblast: To clean forgings by propelling sand at high velocity by air
pressure.

Scale: The oxide film that is formed on hot metal by chemical action of
the surface metal with the oxygen in the air.

Scale Pit: A surface depression formed on the forging due to scale in the
dies during the forging operation.

Setup Time: The standard hours required to make ready or to prepare for
the performance of a job or operation. These hours also include teardown
or cleanup efforts to return the areas and equipment to that condition
necessary to undertake a different operation normally assigned to the
work place or equipment.

Shank: That portion of a tool by which it is held in position during use.

Shape Weight: The weight of material contained in the geometric volume
to the specified dimensions.

Shearing: A cutting operation in which the work metal is placed between a
stationary lower blade and movable upper blade and severed by bringing the
blades together. Cutting occurs by a combination of metal penetration and
actual fracture of the metal.

Shoet A holder required as a support for the stationary portion of
trimming or forging dies.

Shotblast: Cleaning forgings to free them of scale by propelling fine
steel shot at high velocity through centrifugal force on the surface of
the forging.

Shrinkage: The contraction of metal when cooled.

Sink: The specialized operation of machining impressions into forging
dies.

Size: The operation in a press to obtain closer tolerances on portions of
a forging.
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Sizing: A metsl forming operation in which a formed part is more
accurately shaped by restriking between an accurately fitted punch and
die.

Slotting: A stamping operation in which elongated or rectangular holes
are cut in a blank or part.

Soaking Heat: Holding the metal at a desired temperature sufficiently
long so as to permit the metal to reach a uniform temperature.

Sprue: The portion of the die which is machined out to permit a connec-
tion between multiple impressions or between the impression and the
forging bar. Sometimes called gate.

Standard Hours: The industrial engineering base standard hours (IEBSH)
to perform a specific factory task, operation, or work elements. This
does not refer to any specific industrial engineering methods and time
measurement systems.

Standard Manufacturing Method: The factory operations and facilities
used to fabricate partas to the required configuration or shape.

Standard Tools: Common shop tools that are not chargeable to a specific
contract. Examples of such tools are perishable items such as drills,
reamers, cutters, files, etc.; and portable equipment such as drill
motors, rivet guns, squeezers; and brake and joggle dies, etc.

Straighten: Decreasing misalignment between various sections of a
forging.

Strain ing: A phenomenon that occurs in some materials following
plastic deformation. In low carbon steel sheet, strain aging results in a
return of discontinuous yielding, an increase in yield strength and
hardness, and a decrease in ductility without substantial change in
tensile strength.

Strain llardening: An increase in hardness and strength caused by plastic
deformation at temperatures lower than the recrystallization temperature.
Sometimes referred to as work hardening.

Stretch Forming: A process in which & sheet section is formed over a
block of the required shape while the blank is held in teunsion.

Support Function Modifier: Supplemental costs or man-hours, other than
factory labor, added by the MC/DG industry user to the base-part cost to
account for elements such as plannxng, quality control and a.surance,
manufacturing engineering, and graphics.
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Support Funationst Planning, quality control and assurance, and othevr
functions which are not hands-on effort, but are often charged as direct
labor to the cost of producing the part. This depends on individual
company policy.

Swage: Operation of reducing or changing the cross-sectional area of
diameters by revolving the stock under fast impact blows.

Tempering: See Drawing.

Template: A gage or pattern made from a sheet and used to lay out or
check dimensions on forgings or dies.

Test, Inspection, and Evaivation (TISE): TISE are three techniques
utilized to carvy out quality control activities. Specific techniques
are used to determine whether materials, components, and/or end items
conform to specified standards, snrecifications, and/or requirements. The
TI&E techniques a&are normally addressed with specific detail in the
quality control inspection plan or equivalent documents.

Tolerance: The permissible deviation from the specificatious.

Tonghold: The pcrtion of the stock by which the operator grips the stock
with tongs during the forging operation.

Tool Engineering/Tool Planning Function: The effort required to estab-
lish the plan for construction of project tools.

Tcol Fabrication Costs: Man-hours or costs to make a tool.

Tool Family: The tools required to fabricate a particular detailed part.

Total Tool Costs: Man-hours or costs to fabricate a tool, including
materials, design, and planning costs.

Trim: To remove the flash or excess metal from a forging by a shearing
operaticn., May be done hot or cold.

rimmer: The dies used to remove the flash or excess stock from the
forging.

Trimming Shoe: The holder used to support the trimmer.

Tumbling: A process for removing scale from forgings by iampact with each
other, together with jacks, sawdust, and sbrasive material in a rotating
container.
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Type: A hardened blcck machined to the shape of a portion of the required
forging and tapped in that part of the die impression to determine its
shape.

Undercut: Sections which would lock themselves into an impression and
prevent removal without distortion if driven iuto the impression while
the metal was hot.

Underfill: The portiorn of a forging which does not have its true shape
due to insufficient metal in the die.

Upset: Working metal so that the cross-sectional area of a portion or all
of the stock is increased.

Upset Forging: A forging in which the metal has beer placed in the die so
that the direction of the fiber structure ia at right angles to the faces
of the die.

Weight: See Shape Weight, Net Weight, Gross Weight, Cut Weight, Multiple
Bar Weight, Consumed Weight.

Weld: Uniting metal by the application of heat.

Yield: The quotient from dividing the net.weight or the shape weight by
the gross weight {(see Final Yield).
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SECTION 3
HOW MC/DG IS USED

3.1 Manufacturing Cosit/Design Guide Design Process Interaction

It is recognized that the needs of designers at different levels, the
primary users of the '"Manufacturing Cost/Design Guide" {MC/DG), dictates
the organization, structure, and formats of the guide sections. Therefore,
a comprehensive analysis of the design process was performed in ordar to
relate the Interacticn of the MC/DG with the design process.

The analysis revealed that part shape and material type would be two
of the initial primary design considerations. Design factors relating to
the base-part shape include loads, weight, space, and adjacent assemblies.
Design factors related to the material types used for the base psrt in~
clude temperature, operating =nviroanment, galvanic compatibility, available
space, material allowables, heat~treatment, fracture mechanics, and fatigne
considerations.

The function cf the MC/DG 1s shown in the feolliowing flow diagram,

Figure 3-1, by the heavy, black-bordered boxes, while the designer functions
are indicated by the broken-line blocks.

The flow diagram includes the ne-
gotiable and non-negotiable design factors.

The non-negotiable design
factors are those over which the designer has little control, e.g., next

assembly, etc., with regard to discrete-part design. The negotiable design
elements may influence the manufacturing costs, e.g., joggles, lightening
holes, etec. The MC/DG will assist the designer in providing the lowest-
cost manufacturing process for the cost/weight and perfcrmance trade-studies,

The flow diagram depicts the relatfonship of the part shape and mate-

rial type in the design process and follows the process through the trade
study to the discrete-part selection based cn lowest cost,

An analysis of the design process illustrated in the flow diagram

emphasizes that the crganization and formats of the MC/DG sections be
structured by part shape and material type.

The formats provided to the
designer therefore:
(1) show cost effect of comparable shapes,
(2) show cost effect of material types, and
(3)

give continuity and uniformity for each part shape
in order to enable the designer to make quick com~

parisons, meeting the established MC/DG design
criteria.

Designers will b2 reluctant to use MC/DG if ke 18 required to readjust each
time they change structuval section or shapes.

The formats chow the lowest-cost manufacturing process for each base-
parc shspe and material. The manufacturing processes concldered in the
determination of the lowest-cost process are indicated on the foimats.

3-1
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3.2 Procedure to Conduct Airframe Trade-Studies Utilizing MC/DG

The objectives of the MC/DG are to point the designer to the lowest
cost structural candidate while meeting the design objectives, which may
include:

Minimum weight

Satisfactory performance at elevated temperature
Fatigue strength

Low maintenance

Crashworthiness

Corrosior resistance

Damage tolerance j
Ease of repair.

Strength and stiffness 1
!
J
l
|

The designer uses the following procedure to conduct manufacturing
cost trade-studies:

{«) Develop concepts which, in the case of a fuselage
panel will require selecting or determining the: : |
material
~ s8kin panel sizing
- frame shape
- aumber of frames required : , .
- stringer shape '
- number of stringers required
- joining methods, e.g., bonding versus rivets
- candidate manufacturiag methods for each discrete
part in the assembly
{b) Determine manufacturing costs for each panel configuration
(c) Determine assembly cost for each configuration
(8) Determine test, inspection, and evaluation (TI&E) costs
(e) Detarmine total manufacturing costs, which include
materials arnd tooling
(f} Determine weight of each panel assembly
(g) Present manufacturing man~hours or costs and structural
weight in sumary tables and also, if appropriate, on
design charts that show structural weight on the ordinate
versus mavufacturing cost on the abscissa.

The designer and management can then select the optimum structure (dis-
crete part, subassembly or assembly) with respect to structural weight and
other design factors and manufacturing costs. if a manufacturing facility
is committed toc manufacture of other components or if a facility is not
available, decisions to procure parts from outside or to utilize a mwore
costly manufacturing wethod can be made quickly.

The decigner, having deveioped candidate structural configuratioas to
meet all design requirements, such as those ligted above, thenm utilizes the
MC/DG. The following steps are typical of those taken to arrive at a lowest
manufacturing cost design:

R R
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Step 7:

Step 8:

Step 9:
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Having selected materials that meet corrosion,
elevated temperature, or other requirements, review
the section ground rules for those materials, e.g.,
titanium sheet metal or graphite/epoxy.

Review the ground rules of the MC/DG, to determine the
discrete part and assemblies analyzed.

Record on the designer's woxksheet, the Concept No.,
Part No., description; labor rate, number of parts
per aircraft, design quantity, and date. Use one
worksheet for each part when coanducting the trade-~
off between parts or a separate worksheet for each
subagsembly.

Consult the overview selection aid of MC/DG showing
various sections,

Select sections of MC/DG representing the material
types and/or joining methods, e.g., sheet mz2ial or
mechanically fastened assemblies.

Study selection aid for each MC/DG section to be
used. The selection aid will indicate the CDE for-
mats, CED formats for the manufacturing methods, and
also the test, inspection, and evaluation (TI&E)
methods for the materials and parts analyzed in the
MC/DG in accordance with the ground rules.

Review CDE formats providing relative cost informa-
tion for the materials, parts, and assemblies being
analyzed. These CDE fovmats will prcvide qualitative
information leading to the lowest cost.

Utilize the format salection aid to determine the
lowest cost manufacturing procese and select the for-
mat to use. Selection aids precede the formats.

Study CED formats for the base parts and any required
Designer-Influenced Cost Elements (DICE) using the
required dimensions, e.g., length for sheet metal
stringers or area for panels. Note on the designer's
worksheet the total labor man-hours/part (including
applicable DICE) on the cost worksheet for each
discrete part in the assembly.

Check for applicable DICE. The format will indicate
which DICE are applicable and in some cases DICE will
be incorporated in the msnufacturing methods for the
base part.

Apply the leazning curve tables in the MC/DG as re-
quired. The manufacturing man-hours for each part and
assembly in the MC/DG is the average value for the aero-
space industry. In most cases, the average value will
be suffictently accurate for comparisons between candi-
date concepts meeting the design requirements. However,
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when a company considers it has greater or less experi-
ence than the industry average, or if the quantity is
greater or less than the 200th unit analyzed in the
MC/DG in accordance with the ground rules, the learning
curve tables may be required.

From the CED chart selected, read the value (man-hours)
for the nonrecurring tooling costs (NRTC). Note again
that these values are for 200 parts or assemblies. Record
the man-hours divided by 200 on the designer's worksheet,

Record the current manufacturing labor rate, including
direct lsbor fringe benefits and overhead charges, on
the designer's worksheet.

Using the same procedure as for manufacturing methods,
determine TISE manufacturing man~hours from that section
of the MC/DG and record the TISE recurring and nonrecur-
ring tooling costs on the designer's worksheet.

Insert materials cost based on furnished data in the com-
pany end enter material costs per part in dollars on the
designer's worksheet.

Consult instructions accompanying the designer's worksheet
to determine aerospace vehicle program cost for the dis-
crete part and assembly.

Compare results from the designer worksheets for each part
and/or subassembly and, if desired, enter cn a diagram
(graph) showing weight versus manufacturing cost and com-
pare each concept. In the case of a supersonic aircraft,
management and the customer may elect to sacrifice some
manufacturing cost for improved performance and, in the
case of a low-speed aircraft, to sacrifice some perfor-
mance for lower manufacturing cost.

Using this procedure, the designer will have compared different design
concepts, possibiy using different materials, e.g., sheet metal versus com-
posites or castings versus a bullt-up metal assembly., With each analysis
conducted in accordance with the same general ground rules, e.g., lot sizes,
design quantity, etc., the designer and management can be confident in the

results.

——— . ——— . o,




e ———

B

FTR4A50261000U
3 Jan 1983

3.3 Utilization of Learning Curve

The Learning Curve (LC) Theory, developed from historical manufac-
turing cost data, is a mathematical means of expressing the reduction in
manufacturing labor as an aerospace program proceeds through the pro-
duction phase., The LC theory states that "as the production quantity
doubles, the labor required to produce a unit is reduced by a constant per-
centage." For example: For an 80 percent LC, the labor required to pro-
duce the second unit is 80 perceat of that required to produce the first
unit; the labor required for the fourth unit is 80 percent of that required
for the second unit; etc. Table 3-1 provides examples of typical aero-
space industry learning curves. Table 3-1 is usaful for those designers
for whom an individual company learning curve are not available.

The apnlication of the learning curve varies among companies and the
percent may be varied as a program progresses. In the ea ly phases, a 70
percent LC may be used with a change to 85 percent as production progresses.
Toward the end of the program 1labor turnover can result in a man-hour in-
crease - i,e,, a negative learning curve.

The LC has a different slope for the various manufacturing technologies,
e.g., sheet-metal, ™ ~hining, joining, and bench assembly., The learning
curve factor used . :ost-estimating depends on both the LC percentage and
the design quanticy., For example, the engineering cost analysis group at
Lockheed-California Company uses the historically determined LC percentage
for the technology involved and also uses a design quantity, the number
of airplanes to be buiit, regardless of the number of identical parts per
airplane. Occasionally, departmental realization (standard man-hours/actual
man-hours) is used instead of the LC to analyze costs of high usage oper~
ations (such as riveting and nutplate or fastener installation) that are
common to many parts or assemblies.

When comparing & propuaed design to an existing design in production,
reductions in labor "2t o during the "prior production" must be con~
sidered. For «&.. wwia:

Design quantity - 200 airplanes
Prior production - 10C airplanes

The cost analysis would comp: *~ he cost of "existing design" units 101
thru 200 to the cost of the ' . :nsed design" units 1 thru 100,

Aerospace labor costs are normally collected by cost centers, each
representing a different manufacturing technology, and are not traceable to
individual parts or assemblies. Labor costs are for a production lot rep-
resenting a "mix" of single usage and multiple usage parts or assemblies,
From these data, learning curve slopes (%) are established for the various
cost centers, When estimating the cost of aerospace parts or assemblies,
the appropriate learning curve factor, provided in Table 3-2, is selected
by the learning curve percentage for the technology involved and the
degign quantity, regardless of the quantity of parts or assemblies per
airplane.
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TABLE 3-1. TYPICAL INDUSTRY LEARNING CURVES

|
1
i
TYPICAL INDUSTRY ;
|
|
{

OPERATION LEARNING CURVE
Assembly, Controls 85%
Assembly, Electrical 80%
Assembly, Hydraulics, Pneumatic, etc. 852
Functional Installation . 652 f
Plastic Fabrication 852 . {
Machining - Conventional 90X
Machining -~ Numerical Control 95X
Structural Assembly -~ Bench 85%
Structural Assembly - Ploor 5% | '
Structural Assembly - Final 70%
902

Sheet Metal Fabrication

NOTE: The above table has been included for use by designers who may not
have company learning curve values readily available.

Use the above appropriate learning curve in Table 3-2 to obtain learning
curve factor for design quantity involved.
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TABLE 3-2

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST
FOR THE DESIGN QUANTITY AND

LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%
[QUANTITY [ | %0 | o5 | 0 [ 75 [ 70 | e8|
1 148 | 228 | 348 | 5.£0 | 9.00 | 15.00 | 27.00
10 135 [ 19 [ 247 | 340 | 804 | 7383 [11.67
2 128 | 150 | 208 | 271 | sea [ 843 [ .48
0 199 | 140 [ 179 [ 222 [ 208 | 376 | 54
100 113 1130 | 152 | 180 | 218 | 273 | 3.
200 100 | 147 | 130 [ 145 [ 108 | 105 | 298
380 100 [ 108 | 114 [ 122 [ 133 | 148 | 170
3500 9.0t 1.02 1.08 1.09 1.18 1.24 1.38
780 ose | oee [o09e [ o098 | 097 | 101 | 100
1000 ose [ 092 | 009 [ 087 [ 007 | 008 | 09
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3.4 Cost Worksheet for Airframe Designers
Airframe designers can utilize the MC/DG data in a number of ways.
When it is neceasary to determine the total cost of an aircraft subassembly, .
the Cost Worksheet, shown in Table 3-3, has been developed and can be used at
the discretion of the designex. This table enables the program recurring
and nonrecurring costs to be determined and also the cost per aircraft.
3.4.1 Instructions for Use of Cost Worksheet
The following are instructions on utilizing this worksheet.
: Stap Worksheet
Ho. Colusn Input Procedure
Pazt mno. Enter identification, if available.
Description Enter brisf description, a.g.,
Stiffener, Zae, J section, etc.
3 1 Manufacturing Labor From CED section determine maa~hours
per part at 200 units.
4 2 Laarning curve (LC) Based upon learning curve percentage
factor and design quantity. PFactor pro~ ,
! vided by user company. '
5 3 TILE labor From MC/DG, enter RC for TIKE (man-
} i hours).
i 6 4 Labor rats Current asnufacturing labor rate
' : including direct labor fringe bene-
H fits and overhead charges.
’ ? S Labor recurring costs (RC) Product of Column 1 times Columm 2
. plus Columm 3 times Column 4.
; 8 6 Material cost Based upon furnished data in company
i utilizing MC/DG, enter material cost
! per part in dollars.
9 7 Recurring cost (RC) per Total of Columns S and 6.
part
" 10 8 Parts per aircraft . Number of identical parts per air- '
' craft.
’ 11 9 Design quantity Number of aircraft in buy considered.
H 12 10 Progcam recurring cost Product of Column 7 times Column 8
i (RC) timos Column 9.
! 13 11 Nonrscurring tooling cost Trowm MC/DG, snter NRTC in sman-hours.
(NRTC)
14 12 NRTC for TI&E Prom MC/DG, enter NRTC for TI&E in
man-hours,
15 13 Labor rate Ses Column 3.
16 14 Progrsm nonrecurring Columns 11 plus 12 times Coluan 13,
tooling costs (NRIC)
17 15 Program cost Sum of Column 10 and Column 14,
18 16 Dasign quantity Ses Column 9,
i .19 17 Cost per aircraft Column 15 divided by Colm_16.

3-9
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FROGAMS COST

0+ U+ B0 s COST/AC

SIRC + TIAE) LA = PARC

HL

HE £

5!85

ifie

TABLE 3-3

MC/DG COST WORKSHEET

RECURMING COFT (BT}

€. 1C+TIE)LR= LS+ g = AC. TAC . DO = PG

DESCRPTION
TOTALS
REMARKS
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SECTION 4
MANUFACTURING COST/DESIGN GUIDE DATA SECTIONS

4.1 Sheet Metal Section

This saction contains format selection aids, identification of the
types of parts analyzed for data to determine the manufacturing man-hour
data, examples of how the data are utilized in airframe design and a set
of sheet metal MC/DG formats, These formats are of 3 types; cost-driver

effacts (CDE), cost-estimating data (CED), and designer-~influenced cost
elements (DICE).

4.,1.1 Format Selection Aids

Format selection alds are presented to provide the user with a build-
ing-block approach to determine manufacturing ccst data for alternative
designs or processes. The designer can review the format selection trees
and identify those areas that have an impact on his design. The formats
provide cost-driver effects (CDE) for qualitative guidance to lowest cost
and cost-estimating data (CED) in man-hours for conducting trade studies,

Three selection aids are included in this Section. The first, Fig-
ure 4.1-1, provides designers with CED formats for straight and contourxed
lineal shapes and also panels. Upon consulting “he selection aid, designers
identify the part which is identical or similar to that being designed.
Adjacent to each part shown in Figure 4.1-1, the format is indicated, e.g.,
for an aluminum channel; CED-A-4, Designer-influenced cost elements (DICE)

are also indicated on Figure 4,1-1, The formats referred to in Figure 4,1-1
are the lowest cost processes.

Second, the selection aid, Figure 4.1-2, also guides the designer
to the lowest cost process. CED-DICE-1 indicates, for example, the cels-
tive incremental costs of incorporating DICE when using various manufac-
turing processes. Selection aid, Figure 4.1-2, also indicates the effect
of forming process and material and also the effect of cross section and
material on the cost of various parts.

Third, the selection aid, Figure 4.1-3, is included because, the
designer, when interacting with management or manufacturing, way find it
necessary to select a process other than the lowest cost, due, for exam-
ple, to facilities being committed for anmother airframe production run.
The parts that can be produced by a single manufacturing process are
therefore indicated on the selection aid.

401-1
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4,1.2 Building-Biock Decisions Utilizimg MC/DG

The method of analyzing the manufacturing anan-hour data for aerospace
discrete parts was diecussed in Section 3..L.1. Having selected the material
and candidate configurations, the designer deteimines the cost of manufac-
turing the base part and also designer-influenced cost zlements (DICE).

This is valid for panels and alsc lineal shapes such as stringers or
stiffeners required to reinforce panels. UICE may, in some cases, be in-
corporated utilizing conventional manufacturing processes or, in other
cases, gpecial processes, but usually increase the cost of a part. The

figures which foilow indicate how the building-block method is appiied at
various levels of assemblv development:

Figure 4.1-4: Unstiffeued Panels and Lineal Shapecs

Figure 4.1-5: Structurally Zquivalent Assembled Pansls

Utilizing the Mechanically Fastenéd
Assembly Section in the MC/DG

Figure ¢.1-6; Typical Sheet Metal Ribs and Spars Manu-
factured from Sheet Metal.

- This approach has been utilized in the trade studies on aluminum, ti-
tanium, and composite fuselage panels described in Section 4.8.

401‘5
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DECISICN CONSIDERATIONS FOR SHEET-METAL DESIGNS

058 LN
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UTILIZING MECHANICALLY FASTENED ASSEMBLIES SECTION
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4.1.3 Examples.of Utilization

These ekamples demonstrate how the data generated are utilized on a
specific design problem. The example shows how to ideatify applicable
formats, how to extract data from the formats, and provides a diccussion
on how the data are uged to determine the part cost in man-hours or dollars.
The MC/DG cost worksheet can be used to record the cost data for easy refer-
ence and to determine the total program cost.

4.1.3.1 Utilization Example for 3heet Metal
Aluminum Fairing

Prcblem Statement

Determine manufacturing cost (men-hours) of an aluminum {2024) fairing
measuring 36" x 12" (see sketch below).

11——- '-——------.----——-u---.--—-----—--—'

Y

s e e ot o o o e e e S > B S o v o .

' L

L AU T,

W = 12 inches
L = 36 inches

FIGURE 4.1-7. DISCRETE PARTS ANALYZED

Procedure

The following procedure is used to determine the manufacturing cost
{man-hcurs) for the aluminum fairing.

1. Utilize The Format Selection Aid for Sneet Metal Lowest
Cost Processes (see iigure 4,1l-1).

2. Determine forwat to use. In this case, Format CED-A-22
is required (see Figure 4.1-8),

4.1-9
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Study the format to determine the parameters and condi-
tions necessary for itg use and relate these to the part.
For CED-A-22, area (ftz) is needed, in this case 3 fr2.

From CED-A-22, read values for the recurring cost and non-
recurring tooling cost (NRIC):

e Recurring cost at unit 200 = 0,71 man~hours per
part

e NRTC = 275 man~hours for 200 parts or 275/200 = 1,375
man~hours per part

e The learning curve factor (Table 4.1-1) to convert
unit cost at 200 to cumulative average cost for a

90 percent curve and a quantity of 200 is 1.17 (see
Table 4.1-1),

The base-part manufacturing cost is thus 0,71 (1.17) + 1,38
+ 2,21 man-hours per part.

Check for applicable Designer-Influenced Cost Elements
(DICE). The format indicates that no DICE are applicable
for the drop hammer manufacturing method of producing this
part. This implies that the calculzted base-part cost is
the final total manufacturing cost for the discrete part
(excluding direct matersial cost).

Obtain the cost (dollars) by multiplying 2.21 man-hours by
the applicable labor rate at your company. If material
cost could be a factor, for example, if this fairing were
being compared with a fiberglass fairing, material cost
would be added to the manufacturing cost.

For the cost of test, inspection and evaluation (TI&E),
reference should be made to MC/DG Section 4.7.1 "TI&E
for Sheet Meta;" and the example on page 4.7.1-4,

4.1-10
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TABLE 4.1~-1

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST
FOR THE DESIGN QUANT!TY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%
_QFUANTlTY 95 90 85 80 75 70 65
1 148 | 225 | 348 | 550 [ 9.00 | 15.00 | 27.00
10 133 | 1.72 | 247 | 3.48 | 5.04 7.53 | 11.67
25 .25 | 1.58 | 2.05 | 2.71 | 3.68 513 | 7.43
50 119 | 144 | 1.79 | 222 | 2.85 3.76 | 5.14
100 113 | 1.30 | 1.52 | 1.80 | 2.18 2.73 | 3.51
200 108 | 117 | 1.30 | 145 | 1.68 195 | 2.36
350 104 | 1.08 | 1.14 | 1.22 | 1.33 148 | 1.70
500 1.01 1.02 | 1.05 | 1.09 | 1.1§ 1.24 | 1.38
780 088 | 096 | 096 | 0.86 | 0.97 1.01 | 1.09
1000 096 | 092 | 0.89 | 0.87 | 0.87 0.88 | 0.91
4.1-12
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4,1,3.2 Utilization Example for Sheet Metal
Steel Skin

Problem Statement

Determine manufacturing cost (man-hours) of the PH15-7Mo steel skin,
having circular curvature and two cutouts. The dimensions are as shown in

the sketch below.

FIGURE 4.1-9. DISCRETE PART ANALYZED

Procedure

The procedure to determine the manufacturing cost (man-hours) of the
steel skin is presented belcw:

1. Utilize Format Selection Aid (Figure 4.1-1) for Sheet Metal
Lowest Cost Processes.

2, Determine the formats to use. In this case, Formats CED-S-8
(Figure 4.1-10) for skin and DICE-1 (Fig. 4.1-11) for cutouts,

3. Study the formats to determine the parameters and condi-
tions necessary for their use. In this case, area, in
square feet, in required., i.e., 15 ft<,

4,1-13
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Determine from CED-S-8 (Fig. 4.1-10), the base part recurring
and nonrecurring tooling costs (NRIC) in man-hours:

o Recurring cost at unit 200 = 1,55 man-hours per part

® NRTC = 74 man-hours for 200 parts = 0.37 man-hours
per part

o The leaiaing curve factor = 1.17 (Table 4.1-1),
Therefore, the base part manufacturing cost is:
1.55 (1.17) + 0337 - 2018 m‘hour‘.

Analyze manufacturing cost for Designer-Influenced Cost
Elements (DICE). For this discrete part, cutouts (DICE-E)
are cslled out on drawing. Format CED-S-8 indicates that
DICE-E is applicable for the Farnham Roll manufacturing
method. Therefore, Format DICE-1 (Fig. 4.1-11) 1is required to
determine the manufacturing cost of the cutouts.

DICE-1 indicates that a standaivd cutout requires 0.036 man~
hours per foot of perimeter, i.e.,

e 2 feet of perimeter = 0,072 man-hours
e 3 feet of perimeter = 0.108 man-hours.

Add DICE man-hours to the base-part cost to determine the

manufacturing cost for the discrete part (not including
direct material cost):

2.18 + 1,17 (0.072 + 0,108) = 2.39 man-hours per part.
For the cost of test, inspection and evaluation (TI&E),

reference should te made to MC/DG Section 4.7.1 "TISE
for Sheet Metal" and the example on page 4.7.1-8.

4.1-14
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4,1.3,3 Utilizatiorn Example for Titanium

Stiffener or Stringer
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Probiem Statement
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A

Determine manufacturing cost (man~hours) nf a straight 6Al1-4V titanium
"Z" section stringer having dimensions shown on Figure 4.1-12,

Procedure

The following procedure is usad to determine the manufacturing cost
(man-hours) of the titauium stifrener.

1.

2.

3.

e e —————

Utilize the Format Selection Aid (Fig. 4.1-1) for Sheet-
Metal Lowest Cost Processes.

Determine the appropriate format for the base part. In
this case, Format CED-T-5 (Fig. 4.1-13) 1is required.

Study the format to determine the parameters and conditions

required for use,
bend radius, are needed.

In this case, part length, in feet, and
For the purposes of this example,

consider that either of the bend radius ranges indicated
on the format could be used and determine which design

would be the lowest

following two cases for the part:

(a)

(b)

Part length = 84 in. = 7 ft.
Bend radius (R) 2 5t

Part length = 84 in. = 7 ft .
Bend radius (R) = 2t £ R g 5t.

cost to manufacture.

Thus, we have the

Determine the base-part recurring and nonrecurring tooling
costs (NRTC) in man-hours, for each case using CED-T-5 and
the learning curve factor of 1.17 from Table 4.1-1.

(a)

Using curve (1)

® Recurring cost at unit 200 = 0.55 man-hour per

part

® DNRTC = 60 man-hours per 200 paris

= (0.3 man~hours per part.

Base part cost = 0,55 (1.17) + 0.3 = 0.9% man-hours per part.

(b)

Using curve (2)

e Recurring cost at unit 200 = 2,05 man-hours per

part

e NRTC = 285 man-hours per 200 parts

= 1.425 man-hours per part

Base part cost = 2,05 (1.17) + 1.425 = 3,82 man-hours per

part.

4.1"17
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5. Check for applicable DICE. Tre example (Fig. 4.1~12) has
flanged lightening holes (DICE~C) and trim prior to forming
(DICE-F) .

For Case (a), Format CED-T-5 (Fig. 4.1-13) indicates both
DICE-C and DICE-F are applicable to the brake forming method.

For Case (b), the format indicates that no DICE are appli-
cable for the preform/hot size method, as this method per~
mits inclusion of the DICE at negligible additional cost.
However, in the case of the brake forming operation, the
DICE require additional operations, Thus, Case (b) has no
additional cost for the flanged holes and the trim.

To determine DICE costs for Case (a) again utilize the Format
Selection Aid (Fig. 4.1-1) to determine that formats DICE-3
(Fig. 4.1-14) and DICE-1ll (Fig. 4.1-15) are applicable. The
parameters required are the number «f flanged holes (DICE-3)
and perimeter trim (DICE-1l). Eight flangea holes are re-
quired in the airframe part and the perimeter trim required
is approximately 180 inches. The DICE costs are:

e Flanged holes: 0.09 wman-hour per part
o Trim prior to forming: 0.455 man~hour per part.

6. Determin2 total manufacturing costs (man-hours), excluding
direct material cost.
e Case (a): 1.17 (0.55 + 0,09 + 0.455) + 0.3 =
1.58 nan~hours
e Case (b): 3.82 man-hours.

This shows that ic is less costly tc produce the part with a
bend radius of > 5t, 1f the design constraints permit,

7. To determine the cost of test, inspection and evaluation
(TIAE), refer to MC/DG Section 4.7.1 "TISE for Sheet Metal"
and the example on pags 4.7.1-12,

| /
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4.1.4 Sheet Metal Parts Analyzed

To develop the manufacturing man-hour duta to construct Cost-Estimating
Data (CED) and Cost-Driver Effect (CDE) formats for sheet metal discrete
parts, it was necessary to analyze each configuration, firstly, as a base
part and, secondly, the designer-influenced cost elements (DICE) necessary
to modify the base part to a usable form.

The base parts analyzed for aluminum, titanium, and steel materials are
shown in Figures 4.1-16 to 4.1-22, The manufacturing methods are indicated
on each figure for each group of base parts, e.g., for straight stiffeners
and stringers in aluminum, brake formirg, or the rubber press can be used.
The following figures also indicate the range of sizes studied, e.g., 24 to
144 inches for titanium stiffemers and stringers.

The formats present the designer with man-hours for the lowest cost
manufacturing method. In many casas, the designer is only concerned that
the design represents the lowest~cost process. However, the data for the
other manufacturing methods indicated are also provided for use in cases
where facilities may be committed or may not exist within the company using
the MC/DG.

Examples of the discrete parts studied are listed below and are shown
in Figures 4.1-23 to 4.1-34,
TABLE 4.1-2, EXAMPLES OF SHEET~-METAL AEROSPACE

DISCRETE PARTS ANALYZED

Part Code Material Description
MC/DG-A-1A Aluminum Constant Section, Straight Angle
MC/DG-A-2A Aluminum Conastant Section, Straight Channel
MC/DG-A-4B Aluminum Constant Section, Curved Lipped Zee
MC/IG-A-5B Aluminum Constant Section, Curved "J"
MC/DG-A-9 Aluninum Constant Thickness, Non-Circular

Curvature Skin
MC/DG-A-11 Aluminum Compoun& Curvature Fairing
MC/DG-A~-12 Aluminum Rib
MC/DG-A-13 Aluminum Flat Beaded Panel
MC/DG-S-1B  Steei Constant Section, Curved Angle
MC/DG-5-2B  Steel Constant Section, Curved Channel
MC/DG-T-3A Titanium Constant Section, Straight Zee
MC/DG-T-5 Titanimm Frame

4.1-23
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SHEET METAL AEROSPACE BASE PARTS

ALUMINUM STIFFENERS AND STRINGERS

//

7z Z7
Angle Channel Zee

P

= //

7.
V.
Lipped Zes J Section Lipped Hat

Part Lmﬂs

24" to 144"

Manufacturing Methods

Straight Parts Contoured Parts
® Brake Form ® Brake/Buffalo Roll
@ Rubber Press © Brake/Stretch

® Rubber Press

FIGURE 4.1~16. TYPES OF BASE PARTS ANALYZED

4.1-24
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i
SHEET METAL AEROSPACE BASE PARTS
ALUMIMUM RIBS (TYPICAL)
10" x 4" t0 30" x 12' Langth: 24" to 144"
Menutscturing Methods Straight Contoured
® Die Form ® Brake Form ® Brake/Buffelo Rovl
® Rubber Prem © Rubber Press ® Broke/Stretch
® Rubber Press }
ALUMINUM FAIRING
Part Sizes
177 %12 w0 38" x 12"
Menufasturing iethods
® Drop Hawwner
FIGURE 4.1-17. TYPES OF PARTS ANALYZED
}

4.1-25
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SHEET METAL AEROSPACE BASE PARTS

ALUMINUM SKIN PANELS
Cylindrical Panel Sizes Compound
Contour Contour
12” x 48" to 48" x 144"
Manufacturing Methods
® Farnham Roll @ Stretch 7orm
@ Stretch Form

ALUMINUM WEBS AND DOUBLERS

7
§

i

12" x 24" to 48" x 240"

8" x 28" 10 368" x 144"

Manufacturing Methods

@ Routing ® Rubber Press

FIGURE 4,1-18. TYPES OF PARTS ANALYZED

4.,1-26
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SHEE?Y METAL AEROSPACE BASE PARTS

TITANIUM STIFFENERS AND STRINGERS

e .

Length: 24" to 144"

Manufasturing Methods

Straight Parts Contowured Parts
® Brake Form — ¢ Brale Form ~
Room Temperature Room Temperature
® Preform/Hot Size and Hot Stretch
9 Hot Press

FIGURE 4.1-19. TYPES OF BASE PARTS ANALYZED

4,1-27 ?
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SHEET METAL AEROSPACE BASE PARTS

TITANIUM SKIN PANEL .

i

!
) Cylindrical
| . . Contour

Pansl Sizes
24" x 48" 10 48" x 98"

. Manufesturing Methods

i

. ® Creep Form ® Hot Sizs
; A o Farnham Roll ® DBrake Form
. 1 .
. ‘.

' TITANIUM RIBS AND FRAMES (TYPICAL)

{

§ .
1 f /,...\g“y g‘

! ) Part Sizes :

v 4" x 12" 10 18" x 72" Length: 24 to 144"

P

l Manufacturing Methods

?
o Straigt Contoured
. : ©® Preform/Hot Size @ Brake Form - © Brake Form -
1 } ® Hot Press Room Temperature Room Tempersture
1 @ Preform/Hot Size and Hot Stretch
| o Hot Press ® Preform/Hot Size .
l © Hot Press
| i
o | FIGURE 4.1-20, TYPES OF PARTS ANALYZED
|

{
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SHEET METAL AEROSPACE BASE PARTS

STEEL STIFFENERS AND STRINGERS

FTR450261000U
3 Jan 1983

Langth: 24" 10 144"

Manufscturing Mathods
Straight Ports Contoured Party
© DBrake Form © Brake/Strev:dr
¢ Rubber Pros © Rubber M

Note: Al forming carried out st room tersperature.

FIGURE 4.1-21. TYPES OF BASE PARTS ANALYZED

401-29
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SHEET METAL AEROSPACE BASE PARTS

STEEL SKIN PANEL
Cylindrical
Contour
Panel Sizes

24" x 48" to 48" x 96"

Manufacturing Methods

® Stretch Form @ DBrake Form
® Fernham Roll

STEEL RIBS AND FRAMES (TYPICAL)

4" x 12" 0 18" x 72"

Manufscturing Methods

Straight
@ Rubber Pres o Breke Form
® Rubber Prens

Nots: Al forming carried out at room tamperatuve.

FIGURE 4,1-22. TYPES OF PARTS ANALYZED

40 1-30

Length: 24” to 144"

Contoured
© Brake/Stretoh
@ Rubber Press

et = o~ e




P i

Vi-V-9Q/0N

FTR4502610000
3 Jan 1983

(-eA1)

G3ZATVNY 1¥vd AIIYISIA TVIIW IIFHS J0 ITINVXA *€7-T°y 90014

o b

E.o..‘ .—18..
JI

A
»

|

05t
van) o 055
dir) o ma.o/.l owol |v._ 080 TII 05€ ——
S

T st S o

}_h

1

1HOIVHILS

NOILO3S INVISNOD
JTONY NANINNTY

4.1-31



QIZATYNV I¥Vd IAMOSIA TVIIK LITHS 40 ATIWVXA " 4Z-T°% FANOI1d

Ve “-9Q/0W

{sid Z) spus aybidor

FTR45026100CU
3 Jan 1983

(Al GgZ'§ xGZ1'0
3joy Buiuaiybn -\ !

('sidyp)
HG6Z0

(oAl at0

4.1-32

oSl )

(dA) 050 VQ)\.. noiny

1HOIVHLS
NOILDO3S INVISNOD

TANNVH3 WNNIWNNTY

Mmoo e e

T N RS < R TR

g




ar-v-90/On

FTIR450261000U
3 Jan 1983

V-¥ NOILD3S

e hm L ——— ———

QIZXTVNV 1¥Vd 4IT¥DSIT "IVIAK LIAHS 40 FTWVXA °CZ-T°% FUNOI

4 3 1"33

a3AunNd
NOI1D3S INVISNOD

SIONVI Q3ddIN—NOILD3S .2, WANINNTY




FTR450261000U
3 Jan 1983

e as s

L T TS OT NURIIRRpe

895-v-90/01
QAZXIVNY 1¥Vd JIMOSIQ TVIAW LETHS 40 TTIRVKE 9z-1+h TUNOT 1
V-V NOI1D3S ;
“ 78._..4 Y
_ + Y sz'o
st

HE A A

—— —
I:I,nlll

a3AdNd
NOILD3S INVISNOD

NOI1D3Ss ..r,, WANINNTY

~

4,1~34

-



— — W

R T R L o e S I

FTR450261000U
3 Jan 1983

A
-l
Yy

00'y 1
T i
00t
TIQQm.v_ * M
-:oumﬂl
©Q 00°¢
h
I 0 3
oozt

HYINTHIONON—3IHNLVAHND IIONIS
SSINNIIHL ALNVLSNOD

TINVd NDIS NANTANTY

6-v-90a/IN JAZAIVNV 1¥Vd d134DS1d ‘IVIIW 143HS 40 A1dRVXHE */[Z-T1°% Fd4NIOT3

4,1-35



QIZXTYNY 13Vd ALIISIA TVIAR LAEHS 30 A1dNvX3 ‘82-1°% TunoO13

Li-v-9a0/om

FTR4502610000
3 Jan 1983

MR W M A kS s ek rey—

T

c———d
]

4.1-36

|

N

dUNLYAYND annodwo)d
ONIHIVY WNNIWNTY



" SRR

FTR450261000U
3 Jan 1983

QAZXIVNV Tdvd 313490510 TVIAW 1L3dHS 4G ATIHVEA

814 NANIWRTY

*62-1°% TWNOIA

4.1-37




FTR450261.000U
3 Jan 1983

BYR e Sy i e L.

R —— - - B W At it o

prprome— QIZATIVNY I¥vd 413¥0S1G TVIAW 13FHS 10 ATdHVX  °*0e-T°% TANOIA

|

V-¥ NOILIIS

ﬂﬁﬂ :sM

<)
<7
<)
<)
<)
<)
<.
<)
<
q:1|__

4.1-38

k-9

aAvid
13NVd 03av3is



FTR450261000U
3 Jan 1983

M o ——_, e e e

L R L e

TAZXTVNV I1¥Vd ALIYDSIA TVIAW IAAHS A0 ATdWVXE °*TE~T'% TdNO14

¥-¥ NO1LI3S

I
1

ai1-s-5a/0W

a3AHND
NO{123S INVISNOD

FIONVY 13318

4,1~-39




FTR450261000U
3 Jan 1983

RS

M e Sl e A e

QEZXATVNV LiVd d1A¥DISIA TVIAW IAYHS 40 1NV  *Ze-T1°% nno14
6Z2-S-90/2W “

(dA1) upes 10 Rpueyp
‘ungy susoo euondg

Q3AHND .
NOILD3S INVISNOD

TANNVHO 13318



R T T TtV

-

W .

A o -

FTR450261000U0
3 Jan 1983

vE-1-O0/IN

AAZXTVNV IHVd ALIYOSIA TVIAW JATHS 40 FA'TdHVXE

“CE-T°% FUNOIA

& 8
A
4.1-41

YAt

e

LHOIVHLS
SSINMNIIHL INVISNOD

NOiILD3S ..Z.. NNINVLIL



— W s s e g ar s -

FIRA 50261 000TC

3 Jam 130)

400N

GAZATIYRY 1dVd 213¥DS1A TVIAH IAAHS 40 TIdWVXE  “H€-T'y AUNOI4

V-¥ 8011038

4.1-42

JNVHL NNINVLIL



FTR450261000U
3 Jan 1983

4.1.5 ‘Manufacturing Data for Sheet Metal

The formats -a the follewing pages provide designer guidance for
sheet metal aesrospace discrete parts and also enable cost ‘trade-off studies
to be conductad.

4.1.5.1

Formats for Aluminum Sheet Metal Aercspace
Discrete Parts Lowest Cost Process

The following conditions apply to utilizing the formats in this sectinn:

)

(2)

3)

(4)

(5)

Review ground rules in section for comnsiderations and
limitations.

Consider step occurring in recurring cost man-phours for
lineal shaves, at length of 6 feet, due to requirement
of two persons for certain manufacturing operations.

Bend radius limitations for titanium:
e At room temperature forming > 5t
® At elevated temperature forming > 2t.

Materials selection: The user of the MC/DG is cautioned
with respect to the range of factors that can also play
an important role, besides manufacturing cost, in the
selection of an airframe material. The airframe design
requirements may include:

e Elevated temperatures

e Operation in corrosive environments

e Higher acquisition coasts might be acceptable

due to lower operations and maintenance costs.

All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

Review definitions in Section 2.2 "Terms and Abbreviations".
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles.

(b) Designer-Influsnced Cost Elemants SDICE)
Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabrication
operations and tooling required over the stan-

dard manufacturing method (SMM) for the base
part.

(¢) Detail or Discrete Rggts: A distinet air-
frame structural part which may incorporate
complexities, e.g8., & base part plus DICE,
ready for assembly to perform its required
function in the airframe.

" 4,1-43
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4.1.5.2 Formats for Steel Sheet"'Metal Aerospace
Discrete Parts Lowest Cost Processes

The following conditions apply to utilizing the forumats in this section:

(1) Review ground rules in section for considerations and
limitations.

(2) Consider step occurring in recurring cost man-hours for
lineal shapes, at length of € feet, due to requirement
of two persons for certain manufacturing operations.

(3) Bend radius limitations for titanium:
e At room temperature forming > 5t
® At elevated temperature forming > 2t,

(4) Materials selection: The user of the MC/DG is cautioned
with respect to the range of factors that can also play
an important role, besides manufacturing cost, in the
selection of an airframe material. The airframe design
requirements may include:

e Elevated temperatures
o Operation in corrosive environments
e Higher acquisition costs might be acceptable
due to lower operations and maintenance costs.
All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

(5) Review definitions in Section 2,2 "Terms and Abbreviations'.
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles.

(b) Designer-Influenced Cost Elements (DICE):

Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabrication
operations and tooling required over the stan-—
dard manufacturing method (SMM) for the base
part‘..

(c) Detail or Discrete Parts: A distinct air-
frame structural part which may incorporate
complexities, e.g., a base part plus DICE,
ready for assembly to perform its required
function in the airframe.
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4,1,5.3 Formats for Titanium Sheet' Metal Aerospace

Discrete Parts Lowest Cost Processes

The following conditions apply to utilizing the formats in this section:

é (1)

(2)

3)

(4)

(3)

Review ground rules in section for considerations and
limitations.

Consider step occurring in recurring cost man-hours for
lineal shapes, at length of 6 feet, due to requirement
of two persons for certain manufacturing operations.

Bend radius limitations for titanium:
e At room temperature forming > 5t
¢ At eclevated temperature forming > 2t.

Materials selection: The user of the MC/DC is cautioned
with respect to the range of factors that can also play
an important rola, besides manufacturing cost, in the
selection of an airframe material. The airframe design
requirements may include: :

e Elevated temperatures

e Operation in corrosive environments

e Higher acquisition coets might be acceptable

due to lower operations and maintenance costs.

All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

Review definitions in Section 2,2 '"Terms and Abbreviations".
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles.:

(b) Designer-Influenced Cost Elements (DICE):
Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabricatiom
operations and tooling required over the stan-
dard manufacturing method (SMM) for the base
part,

(c) Detail or Discrete Parts: A distinct air-
frame structural part which may incorporate
complexities, e.g., a base part plus DICE,
ready for assembly to perform its required
function in the airframe.
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4.1.5.4 Formats for Designer-Influenced Cost Elements (DICE)
for Sheet Metal Aerospace Discrete Parts

The following conditions apply to utilizing the formats in this section:

(1) Review ground rules in section for considerations and
limitations.

(2) Consider step occurring in recurring cost man-hours for
lineal shapes, at length of 6 feet, due to requirement
of two persons for certain manufacturing operations.

(3) Bend radius limitations for titanium:
e At room temperature forming > 5t
e At elevated temperature forming > 2t,

(4) Materials selection: The user of the MC/DG is cautioned
with respect to the range of factors that can also play
an important role, besides manufacturing cost, in the
selection of an airframe material. The airframe design
requirements may include?

e Elevated temperatures
e Operation in corrosive environments
e Higher acquisition costs might be acceptable
due to lower operations and maintenance costs.
All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

(5) Review definitions in Section 2,2 "Terms and Abbreviations".
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles.

(b) Designer-Influenced Cost Elements (DICE):
Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabrication
operations and tooiing required over the stan-
dard manufacturing method (SMM) for the base
part,

(¢) Detail or Discrete Parts: A distinct air-
frame structural part which may incorporate
complexities, e.g., a base part plus DICE,
ready for assembly to perform its required
function in the airframe.
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GUIDE TO DESIGNER INFLUENCED
COST ELEMENTS (DICE)

4.1-90

" DESIGNER INFLUENCED g | LEGEND
A COST ELEMENTS w - 2 % || namna
T g b : - & -
€ § g g § T o X NOT APPLICABLE
R 2ia wle|RPje|g]|® NO ADDITIONAL
1 < | w AT R ER- N COST INCL. IN
A S - Sl S|l |3 BASE PART COST
! < B Q w
L [BASE PART < £l 9 E
MANUFACTURING METHOD HHEIEIL IR IR IR L :g:“_“"’”"’““
SRAKE FORM tfuex{wlelfw|e el
SRAKE/BUFFALO ROLL tfue ] xiw|u]wfalt A:][ A | AVERAGE ADDI
BRAKE STRETCH Lit | x| HlL|[N|AafalA TION/.L cosT
DIE FORM N N N N L N [ L L " HIGH ADDITIONAL
& | OROP HAMMER BRI NEENEED cosT
Z | rarnvam rOLL xftixloefoe[wloe[x]a
g ROUTED FLAT SHEET X[t (x|l |wl L X[t
< | RUBBER PRESS NintnIn|oe{aloelelt
STRETCH FORM X L A|[N[LIN|A[X] A
YODER ROLL Lfue[x{mw]einjalala
YODER STRETCH tlue{winjuinlale]a
Percentage Cost Ranges
For Abeve
SRAKE FORM R.T. Alu x| x|oelwinf{nlnr
R.T. BRAKE/HOT STRETCH® Ajrtix]|xfoe|uv/nw|[wlmn L ewion
5 c;u.:r FOAM* XL x|[x]JtiL|[m|inw|n A 10-30%
z H  Above 30%
£ FARNMAM ROLL X | L] x[x|[oe|w][w|[Hu]n
‘ HOT PRESS® NfLIN][X]L]L][N]N]L
PREFORM/HOT SIZE® NluinIx]oeloeln]wnitL
SBRAKE ANDBUFFALOROLL | A [ & [ X [N [ L | H [H]|a]L
BRAKE FORM R.T. Al xIwfoelw]e o]
o [ SRAKE/R.T. STRETOM AJL | X N|L|A[W]L]A
& [ FaRNHAM mOLL x[oe]xiwfoeiw[nwlo]a
AUBBER PRESS N{NININ] L]l alL e
STRETCH FORM xfoe]|x]Inloelafuw]|ale
*Denotes one or more elevated temperature processing 1teps.
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SHEET-METAL LINEAL PARTS —
JOGGLE RECURRING COST

1.0 )
0.8 /‘ —
» 2 HOT JOGGLE / =
|
g ///,/1,/’" .
§| 0.4 /
. T
= d 4 ROOM TEMPERATURE JOGGLE
//
-—-“’"
_,._../—-
0 5 10 15 20 25 30 35 40 45 50
NUMBER OF JOGGLES
1 USED FOR ALUMINUM AND STEEL PARTS
2 US™ TIRT ‘UM PARTS
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SHEET-METAL AEROSPACE DISCRETE PARTS—
FLANGED HOLE RECURRING COST

ALUMINUM, TITANIUM AND STEEL
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4.1.5.5 Formats for Comparison of Structural Sections
Sheet--Metal Aerospace Discrete Parts

The following conditions apply to utilizing the formats in this section:

(1) Review ground rules in section for considerations and
limitations.

(2) Consider step occurring in recurring cost man-hours for
lineal shapes, at length of 6 feet, due to requirement
of two persons for certain manufacturing operations.

(3) Bend radius limitations for titanium:
e At room temperature forming > 5t
e At elevated temperature forming > 2t.

(4) Materials selection: The user of the MC/DG is cautioned
with respect to the range of factors that can also play
an important role, besides manufacturing cost, in the
selection of an airframe material. The airframe design
requirements may include:

o Elevated temperatures
e Operation in corrosive environments
e Higher acquisition costs might be acceptable
due to lower operations and maintenance costs.
All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

(5) Review definitions in Section 2.2. "Terms and Abbreviations".
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles,

(b) Designer-Influenced Cost Elements (DICE):
Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabrication
operations and tooling required over the stan-
dard manufacturing method (SMM) for the base
part.

(c) Detail or Discrete Parts: A distinect air-
frame structural part which may incorporate
complexities, e.g., a base part plus DICE,
ready for assembly to perform its required
function in the airframe.
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4.1.5.6 Formats for Comparison of Manufacturing Technologies
for Sheet:Metal Discrete Parts '

; The following conditions apply to utilizing the formats in this section:

(1) Review ground rules in section for considerations and
limitations,

(2) Consider step occurring in recurring cost man-hours for
lineal shapes, at length of 6 feet, due to requirement
of two persons for certain manufacturing operationms.

(3) Bend radius limitations for titanium:
e At room temperature forming > 5t
e At elevated temperature forming > 2t.

(4) Materials selection: The user cf the MC/DG is cautioned
with respect to the range of factors that can also play
an important role, besides manufacturing cost, in the
selection of an airframe material. The airfrawe design
requirements may include:

e Elevated temperatures
e Operation in corrosive environments
e Higher acquisition costs might be acceptable
due to lower cperations and maintenance costs.
All factors must be carefully considered by the designer
prior to selecting a material or design concept based on
manufacturing cost.

(5) Review definitions in Section 2.2 "Terms and Abbreviations",
However, important terminology used on most formats are:

(a) Base Part: A detail part in its simplest
form, i.e., without complexities such as
heat treatment, cutouts, and joggles.

(b) Designer-Influenced Cost Elements (DICE):

Includes joggles, cutouts, lightening holes,
and special tolerances that add cost to the
base part configuration. These additional
costs are due to the increased fabrication
operations and tooling required over the stan-
dard manufacturing method (SMM) for the base
part.

(c) Detail or Discrete Parts: A distinct air-
frame structural part which may incorporate
complexities, e.g., a base part plus DICE,
ready for assembly to perform its required
function in the airframe.
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EFFECT OF FORMING PROCESS
AND MATERIAL ON PART FCRMING COST

SINGLE CURVATURE SKIN
RECURRING PLUS NON-RECURRING COSTS, INCLUDING TRIM

2024 ALUMINUM PH15-7Mo STEEL 6Al-4V TITANIUM
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4.1.6 Ground Rules for Sheet Metal Section

The following General and Detailed Ground Rules for the Sheet Metal
Section were developed to establish the scope of the data required and to
establish guidance to MC/DG application. Ground rules are necessary and
important as they prumote understanding, ensure consistency, uniformity,

and accuracy in generating and integrating data into the formats.

4.1.6.1 General Ground Rules

The general ground rules are categorized under the follouwing

major groupings:

(a)
(b)
(e)
C)
(e)
(£)
(8)

(&) Sheet Metal Digcrete Parts

(1)

(2)

.and panels representing elements of major airframe

Sheet Metal Discreie Parts
Materials

Manufacturing Methods

Facilities

Data Generation - Recurring Costs
Data Generation - Nonrecurring Costs

Support Function Modifiers.

The sheet metal aerospace discrete parts selected are
representative of common structural parts required for
both gmall and large aircraft. The parts have been
selected such that a base part forms the foundation
which the designer can modify as required to achieve

the desired discrete part or structural configuration.
The discrete parts include stringers, longerons, frames,

structural subassemblies.

Tﬁc discrate parts were selected, where possible, to
develop data for more than one manufacturing method.
The date thereby enables the designer, using the
MC/DG, to determine the most cost-competitive manu-
facturing method in trade studies.
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(3) The selected discrete parts were defined and dimensioned
to adequately display the erfect on part cost of DICE,
e.g., heat treatment and lightening holes. Facility
limitations were used in determining the dimension ranges
for the discrete part considered.

(4) Support function mcdifiers were excluded but can bde
handled in the preferred way by the aerospace company
using the MC/DG.

(b) Mat 1s

o
4]
e
]

(1) The alloys selected for the discrete parts were repre-
sentative of the range of those more commonly used in
the industry to enable a unif>rm data base to be
establisned. The materials included were:
¢ Aluminum - 2024 sheet
e Titanium - 6A1-4V gheet
@ Steel - PH15-7Mo sheet.

(2) Raw material costs for the parts were not included in
the MC/DG formats but can be treated by the user at his
discretion. However, the designer must be alerted and
directed to include material costs wherever material
coats are a cost driver such as with certain emerging
materials.

(3) Material cost of nonrecurring tooling was not generally
included, except when this cost impacts s design decision,
for exarple, for manufacturing certain discrete parts in
t.tanium and steel.

. (¢) Manufacturing Methods

(1) Caly conventlonui manufacturing methods required tc
produce the 3heet metal parts in tle configurutions
selected were considered. No emerging manufacturing

methods wer2 evaluatad.
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(2) A production, in contrast to a prototype, environment

(3)

(%)

was assumed for the sheet metal aerospace discrete

parts.

To generate an effective data base for each selected
part, a factory operational sequence for each applicsble
manufacturing method was established reflecting the moat
economical means of fabrication., This standardized
sequence was used by each team member to determine the
part cost (man~hours).

Tool families required to manufacture the various parts

were identified on the data collection forms.

(d) Facilities

(1)

Only standard manufacturing facilities, available to the

airframe industry, were considered.

(e) Data Generation - Recurring Costs

(1)

(2)

(3)

(4)

(5)

Recurring and nonrecurring man-hou~ data were generated
for the compiete process of parts fabrication and included
all hends-on-factory direct labor operations from raw
stock blank preparation through forming, heat treatment,
priming, etc., to storage of the par: in readiness rfor
assembly into the airframe.

The base-part cost (man-hours) wes generated for each
part. The base-part coet represanted the sum of all
standard hours associated with each part.

DICE, requiring added operations, were treated as separate
cost elements and, tierefore, not inciuded in the base-
part cost.

The quaniity for which the base-part cost was dctermined
was unit 200 and was based on team member learning curves.

Cost data were presented in man-hours.
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(6) To demonstrate the cost impact of setup costs, lot releases
of 5, 10, 25, and 50 parts were evaluated. However, the
values plotted on the MC/DG formats were only tor lot size
25.

(7) Setup time (man-hours) is the total setup time required to
complete the part. The setup time was amortized over the
lot sizes and added to run times to obtain the base-part
cost (man-hours).

(8) Recurring tooling costs (tool maintenance, plznning, etc.)
were not included.

(9) The data submitted to BCL were the base-part cost (man-
hours) plus the costs (man~hours) of DICE associated
with the discrete part design.

(10, 1In developing cost data for parts, each participating
company utilized its own proprietary learning
curves.

(11) ‘The part cost (man-hours), as derived by each airframe
company, was normalized by BCL to reflect an industry
team average value for each sheet metal discrete part
and range of dimensions.

(12) For proprietary reasons, realization factors (including
PF&D), standard hours, and other business sensitive
information employed at team member companies are not
included in the analysis, or on the data sheets or MC/DG
formats. _

(13) No data provided by any team member are disclosed to
other team members, agencies, or to the public without

the expressed approval of the team member,

(f) Data Generation - Nonrecurring Costs

(1) Tool fabrication costs were generated for each part
type. In addition, tool design and tool planning
costs were evaluated with respect to their impact, to
determine whether they should be included or omitted
for the three material types.
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The cost of production tooling, if included, was
restricted to contract or project tools omly, for
presentation in the MC/DG.

Nonrecurring tooling costs (NRTC) generated by the
team companies were normalized by BCL for presenta-
tion in the MC/DG.

(g) Support Function Modifiers

Additional efforts other than factory labor, such as
quality control and assurance and manufacturing engi-
neering, were excluded from the part cost data supplied
to BCL. These modifiers may be included later by the

~ MC/DG users at airframe companies.

4.1.6.2 Detailed Ground Rules

(a)
(b)
(c)
(d)
(e)
(£)
(8)

(a) Materials

(1)

(2)

The detailed ground rules are categorized under the following

majoz groupings:

Materials

Gages (Thicknesses)
Tolerances

Discrete Parts
Manufacturing Methods
Facllities

Contract Tooling.

The materials selected for sheet metal discrete parts are:
e Aluminum - 2024

e Titanium (anneaied) - 9Ai-4&4V

e Steel (annealed) - PH15-7Mo.

Treatment required for any of these materials to increase
physical properties or to improve formability are indi-
cated on the part sketches, data collection forms, and

formats.
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(b) Gagec (Thicknesses)

' (1) Part thickness in each material type was:
‘ e Aluminum: 0.063 inch

| e Titanium: 0.G40 inch

' e Steel: 0.032 inch, !

\,

(c) Tolerances ‘

(1) Parts were assumed to be formed usipg standard bend
radii as dictated by the material type and thickness.

(2) Parts were assumed to be manufactured to a tolerance
of £ 0.030 inch. The cost impact uf tighter or more

relaxed tolerances was addressed as a design complexity.

(d) Discrete Parts

(1) Drawings of the sheet metal aerospace discrete parts
showing configurations, dimensions, joggles, hcles,
trim, heat treatment, :tc., were prepared so that each
team member may estimate base standard hours in a
consistent manner.

(2) The cross-sertional dimensions of the lineal shapes
corresponded to a 7aa:imum envelore of 6 inches diameter.

(3) The operational z:-usnce necessary to produce each part,
as required by the detail drawings, included every operation
required to rabricate the part by the manufacturing method
being evsluated, i.e., from the blank to completion ready
for the storerzom and nssembly into the airframe.

(4) To facilitate trade-off studies, the discrete parts and
MC/DG formats indicata any thermal and/or chemical process-

ing required such as heat treatment and anodizing,

(2]

zspzatively, 2nd alen painting. prior to assembly, as

specified on the detail drawing.
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(e) Manufacturing Methods

1)

(2)

Forming methods used to fabricate the respective parts
were specified on Part Size Matrices accompanying each
drawing and on the Data Collection Forms.

Where more than one manufacturing technology were
candidates to fabricate a discrete part, data were
generated for each method to reveal the comparative
cost relationships to the designer.

(£f) Facilities

1

The typas of forming equipment utilized in the fabri-
cation of the parts were those listed in the Part Size

Matrix accompanying each discrete part drawing.

(g) Contract Tooling

1)

(2)

(3)

Because of nonuniformity of tool nomenclature, each team
member company indicated, on the Data Collection Forms,
the tool family required to fabricate each discrete part.
The nomenciature shown on the forms was supplemented
wvith information providing a complete tool description,
i.e., Drill Press Fixture (DPF).

Tools included were those required to manufacture the
tools, as well as those to make and check the parts,
i.e., production check tools.

The average hours per tool type, individual tool esti-
mate, etc., were determined in accordance with each team
member's standard procedures for determining cost.
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4,2 Mechanicallv Fastened Assembly Section

This section contains format selection aids, identification of the
types of parts analyzed for data to determine the manufacturiag man-hour
data, examples of how the data are utilized in airframe design and a set
of mechanically fastened assembly formats. These formats include cost-
driver e“fects (CDE), cost-estimating Jata (CED), and designer-influenced
cost elements (DICE).

4.2.1 Tormat Selection Aids

Format selection alds are presented to provide the user with a building-
block approach to determine manufacturing cost data foi alternative designs
or processes. The designer can review the format selection trees and identify
those areas that have an impact on his design. The formats provide cost-
driver effects (CDE) for qualitative guidance to lowest cost and cost-esti-
mating data (CED) in man-hours for conducting trade studies.

402-1




FTR4502610000
3 Jan 1983

£-ViIN-Q3D
1S0D

NOILLYITIVLISNI
ONIHHNDSY-NON

TVYINO3D

1809
NOILVITIVISNI
INIHYND3Y

a3id

HIA'VIN-3aD
IANVYAN-IaD
AVINICD
SIN3K3HIND3IY
ONIV3S

HA-YiN-30D
FYIN-3Q0

AL
Y3INILSYY

Hvan-3ad
ANNOD LY¥Vd

1IA-Y3IN-300
N-¥Y3n-3ad
FvIn-302
QOHLIW
NOIWLYTIVLISNI

a3

300

T-Z°% 34N914

£Y4N-G30
4503

NOILVYTIVLSNI
ONIHHNOIY-NON

-vin-030

1500
NOULVTIVLSNI
ONIHENO3Y

Ia

WNINVLIL

S13AIH
WNINVLIL
HO
% NNNIKNY

HA-V4N-30D
AFVIN-300
N-viw3qd

SIN3INIHIND3Y
ONIYaS

NA-vAR-AGD
HYARIAQD

3dAL
HINILSVS

Hvin3ias
ANNOD LUVd

HA-VAR-30D
H-v4n-302
Y4300

QOH1IN

ZC_._.<._._<.rm2_

a3ld

a3

309

WNANIKATY

SINEWIASSY GINILSYA ATIVOINVHIINW

aiv NOILLD3T13S LYWHOA

4.2-2




FTR450261000U
3 Jan 1983

4.2.2 Example of Utilization

This example demonstrates to the designer how the mechanically
fastened assembly data is utilized on a specific design problem. The
example shows how to identify applicable formats, how to extract data
from the formats, and provides a discussion on how the data are usad
to determine the part cost in man-hours or dollars. The MC/DG cost
worksheet can be used to record the cost data for easy referance and
to determine the total program cost. The MC/DG worksheet appears as
Table 3-3 .

4.2.2.1 Utilization Example of Aluminum First Level Assembly

Problem Statement

Determine manufacturing cost (man-hours) for an aluminum (2024)
first-level assembly shown in Figure 4.2-1. The order will be for 200
units.

Procedure

The following procedure is used to determine the manufacturing cost
(man~hours) for the assembly.

1. Review the Format Selection Aid (Fig. 4.2-1) for Mechanically
Fastened Assemblies. .

2. Determine the formats to use. In this case, Formats CED-
MFA-1 (Fig. 4.,2-3) and CED-MFA-3 (Fig. 4.2-4) are required.

3. Study the formats to determine the puarameters and conditions
needed for use. To use CED-MFA-1, the number of fasteners,
fastening method, and sealing requirements must be specified.
The sketch indicates 133 fasteners with the faying surface
sealed. For this example, manual and automatic riveting
will be considered. To use CED-MFA-3, the part perimeter
(ft) and fastening method is required. The perimeter in
this case is 14.4 ft, and again, both automatic and manual
riveting will be considered by the designer.

4, Determine the values for recurring cost and nonrecurring
tooling cost (NRTC) from the formats:

(a) Manual

e From CED-MFA-l, read that the recurring cost
= 5,0 man-hours per part

e From CED-MFA-3, read that NRTC = 420 man-hours
NRTC = 420 man-hours per 200 parts

o Loz v o e
= 2.10 mzan-hours piy pert

e The learning curve factor to convert unit cost
at 200 to cumulative average cost for an 80
percent curve and a quantity of 200 is 1.45 (see
(Table 4.2-1).

Total cost = 1,45 (5.0) + 2.1 = 9,35 man-hours per
part.
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(b) Automatic

o From CED-MFA-l, read that recurring cost at
unit 200 = 3.25 man-hours per part

e From CED-MFA-3, read that
NRTC = 440 man-hours per 200 parts
= 2.2 man-hours per part.

Total cost = 1.45 (3,25) + 2,2 = 6,91 man-hours
per part.

5. No applicable DICE are indicated, and, therefore, the costs
determined above are the final total costs for assembling
the part.
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INSTALLATION COSTS FOR ALUMINUM RIVETS
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NONRECURRING TOOLING COST FOR
ALUMINUM AND TITANIUM ASSEMBLIES

AUTOMATIC RIVETING
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FIGURE 4.2~4, FORMAT USED IN EXAMPLE
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TABLE 4.2~-1

FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST
FOR THE DESIGN QUANTITY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%

QUANTITY 795 [ 90 | 8 | 80 | 75 | 70 | 65 |

1 148 | 2.25 | 3.48 | 5.50 | 9.00 | 15.00 | 27.00

10 133 | 1.79 | 247 | 348 | 5.0a | 7.53 |11.67

25 125 | 159 | 205 | 271 [ 368 | 5.13 | 7.43

50 119 | 1.48 | 179 | 222 | 2.85 | 3.76 | 5.14

100 143 | 130 | 1.52 | 1.80 | 218 | 2.73 | 3.5

200 108 | 117 | 1.30 | 1.45 | 1.66 | 1.95 | 2.36

350 104 | 1.08 | 114 | 122 [ 133 | 1.48 | 1.70

500 101 | 102 | 105 | 109 | 115 | 1.24 | 1.38

750 098 | 096 | 096 | 0.96 | 0.97 | 1.01 | 1.00

1000 096 | 092 | 0.89 | 0.87 | 0.87 | o0.88 | 0.91
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4,2.3 Airframe Assemblies

To determine the manufacturing man-hours for first“level mechanically
fastened assemblies, the assemblies shown in Figures 4.2-5 to 4.2-8 were
analyzed. The assemblies were:

e Avionics Panel
® Fuselage Panel
e TFuselage Door,
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FUSELAGE DOOR ASSEMBLY
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TABLE 4.2-2. DIMENSIONS AND MATERIALS OF ASSEMBLIES ANALYZED

Size Size,
Assembly Type Material Classification Inches
Avionics Bay Panel Aluminum-1 A 24x36
B 24x72

c 48x36

D 48x%96

Fuselage Panel Aluminum-2 A 24x36
B 24x72

c 48x36

D 48x96

Fuselage Door Aluminum-3 A 24x36
B 24x72

c 48x36

D 48x96

Avionics Bay Panel Titanium-1 A 24x36
: B 24x72

c 48x36

D 48x%96

Fuselage Panel Titanium-2 A 24x36
' B 24x72

C 48x36

D 48x96

Fuselage Door Titanium-3 A 24x36
B 24x72

c 48x36

D 48x96

|
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4.2.4 Manufacturing Data for Airframe Assemblies

The following data for airframe assemblies are presented using

cost-estimating data (CED) and cost-driver effect (CDE) formats for
conducting trade-studies.
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EFFECT OF INSTALLATION METHOD FOR
ALUMINUM AND TITANIUM ASSEMBLIES

Recurring
/] Non-Recurring
h—— e+ —
Ti Ti
| I
Ti A A
Ti |
Al A
m @ @i '/1
100% 80% 100% Manual 100 % Manual
Automatic Automatic Rivet HI-LOK
Rivet Rivet Installation Installafion
Installation Instaliation (Clearance Fit)

* Includes the compiete
operation-hole preparation
ond fastener setting
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INSTALLATION

COST
ALUMINUM ASSEMBLIES

EFFECTS OF SEALING ON FASTENER
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EFFECT OF SEALING ON ASSEMBLY COST
ALUMINUM ASSEMBLIES
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EFFECTS OF SEALING ON FASTENER INSTALLATION

COST
TITANIUM ASSEMBLIES
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EFFECT OF SEALING ON ASSEMBLY COST
TITANIUM ASSEMBLIES
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COST =FFECTS OF INSTALLATION ME THOD, |
ASSEN BLY MATERIAL AND FASTENER TYPE
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EFFECT OF SEALING ON FASTENER INSTALLATION
COST:ALUMINUM AND TITANIUM ASSEMBLIES
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INSTALLATION COSTS FOR ALUMINUM RIVETS
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INSTALLATION COSTS FOR TITANIUM RIVETS
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NONRECURRING TOOLING COST FOR
ALUMINUM AND TITANIUM ASSEMBLIES
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4.2.5 Ground Rules for Mechanically Fastened Assembly Section

The following General and Detailed Ground Rules for the Mechanically
Fastened Assembly Section were developed to establish the scope of the data
required and to establish guidance to MC/DG application. Ground rules are
necessary and important as they promote understanding, ensure consistency,
uniformity, and accuracy in generating and integrating data into the
formats.

4.2.5.1 General Ground Rules

The general ground rules are categorized under the following
major groupings:

(a) First-Level Mechanically Fastened Assemblies (MFA)

(b) Materials

(c) Assenbly Methods

(d) Facilities

(e) Data Generation ~ Recurring Costs

(f) Data Generation - Nonrecurring Costs

(g) Test and Evaluation of Data

(h) Support Function Modifiers.

(a) First-lLevel Mechanically Fastened Assemblies (MFA)

(1) The MFA were selected to provide, where possible, data
for more than one manufacturing assembly method to enable
the designer to select the most cost-competitive method
in trade studies by making cost comparisons.

(2) The assemblies selected are represemtative of common
first~level siruciural assemblias Teguired in hath
small and large aircraft. The majority of discrete
parts utilized in these assemblies was selected from
the Demonstration Section for "Sheet Maetal Aerospace
Discrete Parts", to form the foundation so that the
designer can modify the part, as required, to achieve
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the desjred structural foundation and configuration.
The assemblies selected were an avionics bay panel, a
fuselage panel with a cutout, and a fuselage door
assembly.

(3) Drawings were developed defining the selected assemblies
in the required detail to conduct the cost estimating

analysis.

(b) Materials

(1) The materials selected for the assemblies are:
e Aluminum - 2024
e Titanium - 6A1-4V.

(2) Raw materials and fastener costs are not included in
the MC/DG formats for MFA but were addressed in the
Fuselage Shear-Panel Trade Studies.

(3) The material cost for the tooling was not included.

{c) Assembly Methods

(1) Only conventional methods of assembly were evaluated
to assemble the parts.

(2) A production environment was assumed for the selected
assemblies.

(3) To generate an effective manufacturing man-hour data
base for each selected assembly, the operational
sequence for the applicable msnufacturing techmoloygies
was established reflecting the most economical pro-
cedure. The operational sequence was standardized
then used by each team member, as the standard, to
determine the base assembly cost. The operational
sequences are indicated in Appendix E.

(4) Nonrecurring tooling costs (NRTC) for the manufacture
of the various assemblies were provided on the Data

Collection Forms.
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(d) Facilities

(1) Only conventicnal cor standard menufacturing facilities
available in the airframe industry were considered.

(e) Data Generation - Recurring Costs

(1) Recurring man~hour data were generated for the complete
assembly process to include all hands-on~-factory direct
labor operations from initial preparation for jig loading,
drilling, and fastzner installation, to storage for the
next assembly phase.

(2) A base cost was generated for each assembly type. This
base part was configuration Ila-l-size A (24 in x 36 in)
avionics panel assembly with 100 percent sutomatic
installation of fasteners common to skin and sub-
structure. ‘

(3) Designer-influenced cost elements (DICE) were treated
as separate cost elements over and above the base
a5 2mbly cost.

(4) The quantity for which the base assembly cost was
determined was unit 200,

(5) Man-hours associated with DICE and other cost drivers
were identified.

(6) The data were represented in man-hours.

(7) Assembly time consists of the direct man-hours to set up
and complete the assembly operation.

(8) Recurring tooling costs (tool maintenance, planning, etc.)

war

(]
1)
1]

(9) In developing cost data for assemblieg, the participating
companies used common, but proprietary, learniné curves.

(10) The assembly man-hours, as derived by each airframe
company, were normalized by BCL to reflect an industry

team average value for each assembly.
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For proprietary reasons, realization factors, including
personal fatigue and delay (PF&D), individual company
standards, and other business—sensitive information
employed at team member companies were not included in

the analysis or on the data sheets or MC/DG formats.

Data Generation - Nonrecurring Costs

(1)

(2)

3)

Tool fabrication man-hours were developed for each
asgembly type. Tool design and tool planning man-
hours were not included.

The cost of production assembly tooling was restricted
to contract or project tools only.

Nonrecurring tooling costs (NRTC) generated by the
team companies were normalized by BCL for presentation
in the MC/DG formats for MFA.

Test and Evaluation of Data

1)

Test and confirmation of the formats and integratad
data wers accomplished by two team members. Each of
the remaining three team members was provided with the
data ingerted on the MC/DG formats. In order to gain
confidence and ensure the validity of the formatted
data, the selected configurations were submitted to
cost~estimators in other team companies. These data
vere then compared to the formatted data generated and
evaluated to assess its credibility. Any anomalies
wvere resolved and modifications incorporated, if
appropriate.

Support Function Modifiers

(1)

Additional efforts other than factory labor, such as
quality control and assurance, manufacturing engineering,
and planning, were excluded from the assembly man-hour
data supplied to BCL. These modifiers may be included
later by MC/DG airframe company users.
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4.2.5.2 Detailed Ground Rules

1)

(2)

(3)

(%)
(5)
(6)
&)
(8)
(9)
(10)

11)

(12)

Manufacturing assembly methods evaluated:
e Manual installation--impact of squeeze
¢ Automatic installation--manual positioning.
Fastener types evaluated:
e Upset rivets
= Aluminum panel-—AD rivets
- Titanium panels--bitmetallic titanium rivets
¢ Pins
= Titanium
e Collar
= Aluminum panel--aluminum collar
- Titanium panel--Cres collar.
Flush fasteners were countersunk:
e No dimpling (skin gages selected were sufficiently
thick to make dimpling unnecessary),
Hole preparatiocn accomplished by combination of drill
and countersink,
Tolerances--location and hole sizes corresponded to
individual company standards.
No shimming, fitup, or trimming of assembly,
Rivet heads were as driven with no shaving required.
No sealing required in baseline assemblies.
No mastered hard points or interchangeability requirements.
Manual assemblies were assumed to be deburred at mating
surfaces.
No finighing, e¢.§., paint or prime, required aiter driving
fasteners,
Al]l assemblies were evaluated in aluminum and titanium

materials.

4.2-31




- “ -« e

FTR450261000U
3 Jan 1983
4.3 Advanced Composite Fabrication Section
Thie saction contains format selection aids, identification of the

types of parts analyzed for data to determine the manufacturing man~hour
data, examples of how the data are utilized in airframe design and a set
of composite MC/DG formats. These foxrmats include cost-driver effects
(CDE), cost-estimating data (CED), and designer-influenced cost elements
(DICE). -

4.3.1 Format Selection Aids

Format selection aids are presented to provide the user with a build-
ing-block approach to determine manufacturing cost data for alternative
designs or processes., The designer can review the format selection trees
and identify those areas that have an impact on his design. The formats
provide cost-driver effects (CDE) for qualitative guidance to lowest cost
and cost-estimating data (CED) in man-hours for conducting trade-studies,

The CDE formats for designer guidance show the cost effect of material
form, tape width, radius of curvature, and also number of plies qnd bends,
and developed width for three different, but typical, structural sections.

The CED formats used for cost trade-studies are included for lineal
shapes, panels, and also assembly. The designer-~influenced cost elements
(DICE) formats shown on the Advanced Composite Fabrication Selection Aid,
include strip plies, cutouts, and doublers.

4-3-1
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4.3.2 Example of Utilization

This exampie demonstrates how the data generated a}e utilized on a
specific design problem. The example shows how to identify applicable
formats, how to extract data from the formats, and provides a discussion

on how the data are used to determine the part cost in man-~hours or dollars.

4,3.2.1 Utilization Example for Graphite/Epoxy "I" Section

Problem Statement

Determine manufacturing cost (man-hours) for the composite "I" section
shown below, in "B" stage condition. This represents a typical stiffener
or longeron. The nonrecurring tooling costs are to be amortized for 200

parts.
CAP
e 150 7L_“ STRIP PLIES
¥
N/2 j (
RADIUS
FILLER
{TYP)
N =20 il 2.00
STRIP PLIES = 10 N
L = 84 IN.
0.26 RADIUS
[ N/2 J (TYP) i N/2
C ~ 4 =
' Lﬁ—-— 1378 —
278 ——————
FIGURE 4,3-2. COMPOSITE PART STUDIED
Procedure

The following procedure is used to determine the manufacturing cost
(man-hours) for the graphite/epoxy "I" section.

1. Utilize the Format Selection Aid (Figure 4.3-1) for
Advanced Composites.

2. Determine which formats are required. In thise case, CED-
G/E-5 (Figure 4.3-3) and CED-G/E-6 (Figure 4.3-4) are used.

40 3"3
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Study the formats to determine parameters and conditions re-
quired for use. Format CED-G/E-5 requires part length (ft),
number of plies, developed width of the flat pattern (im,),
and cure stage. Format CED-G/E-6 requires part length (ft)
and developed width (in.). For this example, part length is
7 ft, number of plies is 20, developed width is 9.75 in.,
and the part is in "B" stage cure,

Using CED-G/E-5 and CED-G/E-6, determine the recurring cost
and nonrecurring tooling cost (NRTC) for the part.

e PRecurring cost at unit 200 = 11.5 x 0,84 = 9,66 man~
hours per part

e NRIC = 360 man-hours for 200 parts, or 1.80 man-hours
per part

e The learning curve factor to convert unit cost of 200
to cumulative average cost for an 85 percent learning
curve and a quantity of 200 is 1.30 (Table 4.3-1.)

The base-part cost, thus, is: (9.66)1.30 + 1.80 = 14,36
man~-hours per part.

Check for applicable DICE., This part has strip plies, The

Format Selection Aid indicates that format DICE-G/E-1 (Figure
4.3-5) must be used. This format requires length (ft), number
of plies, and width (in.) of each ply. These ralues are:

e Length = 7 ft
o Number of plies = 10
e Width = 1.5 in,

From the format, the cost of the strip plies is 0,6 man-
hours per part,

Determine the total manufacturing cost for the part (exclud-
ing direct material cost) which is the sum of base-part cost
and the cost of strip plies (0.6) times the learning curve
factor (1.30): 14.36 + (0.6) 1.30 = 15.14 man-hours per
part.
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COMPOSITE | SECTION
TOTAL NONRECURRING TOOLING COST/PART

INFLUENCED BY {' PART LENGTH }

e DEVELOPED WIDTH

S

e ——— :
TOOLING /T:% #leC: [E‘:
SURFACE ™

800

5 700
8 A
C
g 600 —— PEVELOPED
= WIDTH
3 o 13.00 —, ¢
o 10.00 S 7 2
2 7
Z 8.00 -
S 400 =
g b athade —/—7‘
m 30—
2o a/ |
g - |
g 200 f
- '
= !
5 160 i
= i

0 1

0 2 4 6 8 10 32 14 16
PART LENGTH, FEET

SEE GROUND RULES FOR LIMiTATIONS AND CONSICERATIONS

YIGURE 4.3-4. TFORMAT USED IN EXAMPLE

CED-G/E-6
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TABLE 4.3-1.
FACTORS TO CONVERT THE MC/DG 200TH UNIT
COST TO THE CUMULATIVE AVERAGE COST
FOR THE DESIGN QUANTITY AND
LEARNING CURVE INVOLVED

DESIGN LEARNING CURVE-%

QUANTITY [ o5 | 90 as__l g0 | 75 | 70 | 65
1 148 | 2.25 | 3.48 | 5.50 | 9.00 | 15.00 | 27.00
10 133 | 1.79 | 2.47 | 348 | 5.04 | 7.53 | 11.67
25 125 | 159 | 205 | 271 | 3.68 | 513 | 7.43
50 119 | 144 | 179 | 2.22 | 285 | 3.76 | 5.14
100 113 | 1.30 | 1.52 | 1.80 | 2.18 | 2.73 | 3.51
200 1.08 | 117 | 1.30 | 145 | 1.66 | 1.95 | 2.36
350 104 | 108 | 114 | 1.22 {133 | 148 | 1.70
500 1.01 | 1.02 | 105 | 1.09 | 1.15 | 1.24 | 1.38
750 098 | 0.96 | 0.96 | 0.96 | 0.97 | 1.01 | 1.09
1000 0.96 | 092 | 0.89 | 0.87 | 0.87 | 0.88 | 0.91
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4,3.3 Parts Analyzed

The cost-driver effect and manufacturing man-hour data were derived
analyzing the discrete parts shown in Figures 4.8-6 and 4.8-7. It will
be noted that lineal shapes and panels are included. The ground rules on
which the data were based 1s included in Section 4.3.5. '

The parts were also utilized to derive the test, inspection and
evaluation (TI&E) data included in Section 4.7.
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Data /formats on the following pages idei.tify generic part shapes
studied and provide the applicable cost curves and charts for conducting

cost trade studies.
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EFFECT OF MATERIAL FORM ON LAYUP COST

20

Relative Cost
(Labor and Material}
>

od
o

ary
N

-
]
£
<

%

Y

Y
)

LAMINATE SIZE: 48" x 144"

CDE-G/E-|
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EFFECT OF TAPEWIDTH ON COST OF LINEAL SHAPES

Relative Recurring Cost ~ MH

Notes:

o Part Length = 48"
e No Strip Plies

2
[
3 Inch Wide Tape __
—-“’W—
-7
-
L"' a '
1 12 Inch Wide Tape ——
0

0 1 2 3 4 5 6 7 8 9 10
Devesloped Part Width ~ In.

CDE-G/E-1I
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TOTAL NONRECURRING TOOLING COST/PART

INFLUENCED BY {' PART LENGTH }

e DEVELOPED WIDTH

T
r———
TOOGLING = &=
SURFACE
800
b 700
o)
(& ]
O go0|l— DEVELOPED
2 WIDTH
9 <o 13.00 —,_{ ‘
E 10.00 s 7y
2 %/
£ 400 8.00 g
[+ o
(o o
3
2 300 .
$ =
S 200
-d
<
5 100
-
0

0 2 4 6 8 10 12 14 16
PART LENGTH, FEET

SEE GROUND RULES FOR LIMITATIONS AND CONSIDERATIONS

CED-G/E-6 ’
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SINGLE CURVATURE SKIN
RECURRING COST/PART

® AREA
INFLUENCEDBY { @ NUMBER OF PLIES
® CURE STAGE

5

24 PLIES
Pa

/
12 PI.IES;‘
)

/
OPLIES

/

/
Za
i

1 2 3 4 5 6 7
SKIN AREA X 103, IN.2

-
o

JANAN

FULLY CURED RECURRING COST, MH
{(FOR “B” STAGE RECURRING COST, MULTIPLY BY 0.84)
S

Qo

CED-G/E-7
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SINGLE CURVATURE SKIN NON-RECURRING TOOLING COST/PART

700

600
I rd
= 500 “
3 A
S L__Woofﬁng =
%’ 400 Surface b‘yr__ -
= / I
g B
,2 300
: A

200 //

Z
100
2 4 6 8 10 12

Skin Length ~ ft.

See Ground Rules for Limitations and Considerations
CED-G/E-8
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ASSEMBLY TIME—COCURED PANEL

7.0 /

" — <
w 850
[- 4
3
I 40 4%5”‘
2 L~ |  BAGGING TIME—AUTOCLAVE
« REUSABLE BAG
Z 30 /

2.0

1‘0 //

/
0 1000 2000 3000 4000 5000 6000 7000
TOOL AREA, IN.2; (PANEL WIDTH + 12 IN.! *+ (PANEL LENGTH + 12IN.)
0.6
e
0.8
EXPANDABLE TOOLING

3 — ASSEMBLY COST
T 03
4 /
«
b 0.2 /

0.1

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
BOND AREA, IN.2; (AREA COMMON TO PANEL AND STIFFENERS)

Notes: (1} To determine recurring cost of asembly snd bond of
fully cured skin and stiffener details, use both
CED-G/E-10 formats and both CED-G/E-9 formats.

(2} Tool made for panel (CED-G/E-8) aiso used for - -
T made fo b CED-G/E-9
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v

e

REUSABL

GGING TIME—~AUTOCLAVE

E BAG

0 1000 2000 3000 4000

50

00 6000 7000

TOOL AREA, IN.2; (PANEL WIDTH + 12IN.) * (PANEL LENGTH + 12IN.)

i

| ™

L —T

= UNIT COST

,/ HANDLING/PREFIT/JOINING OF DETAILS

0O 100 200 300 400 8500 600 700 800 900 1000 1100 1200 1300 1400
BOND AREA, IN.2; (AREA COMMON TO FANEL AND STIFFENERS)

Notes: (1) To determine recurring cost of assembly and bond of
fully cured skin and stiffener details, use both
CED-G/E-10 formats and both CED-G/E-9 formats.

{2) Tool made for panel (CED-G/E-8) aiso used for
these opergtions.
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NON-RECURRING TOOLING COST
REUSABLE RUBBER BAGS

100

SIMPLE ~FLAT, LOW CONTOUR

AVERAGE~LOW CONTOUR, EDGE BUILDUP

90] AVERAGE-COMPLEX~DEEP CONTOURS AND FLANGES

COMPLEX~COMPOUND CONTOURS, REVERSE
INTERNAL BENDS, SHARP RADII

80

| 70 <t/

' Q

| MULTIPLY VALUES BY o@/

! 4 FOR 200 PARTS c/ o+
x / 0\1\
- ?;0
o 5
T 50 eq&* 74
4
<
2

/
40 //
ar

20

10

10 20 30 40 50
AREA ~ ft2

CED-G/E-11
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MAN-HOURS

16

14

12

10

NON-RECURRING TOOLING COST
SILASTIC PLUGS

LARGE VOLUME
//
4
/
|/ d
SMALL VOLUME
\ |t
- —L IPCREASE IN SETUP TIME
1 1 i 3

100 200 300 400 500 600 700 800 900 1000
] | ] 1 ]

1000 2000 3000 4000 6000
CuBIC INCHES

CED-G/E-12
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RECURING COST, MAN-HOURS
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CLIP FOR COCURING
RECURRING COST/PART

INFLUENCED BY {

¢ PERIMETER
¢ NUMBER OF PLIES

- FLAT PATTERN AREA
3 ! haand

PN\ /7';‘/

r ‘j jERIMETER

0.08

0.07

0.06

0.05

0.04

0.03

0.02 A0 "ﬁ(ﬂ
0.01 ——-/ / //
"]

0 1 2 3 4 5 6 7 8 9 10
PERIMETER, iNCHES

SEE GROUND RULES FOR LIMITATIONS AND CONSIDERATIONS
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RECURRING COST, MAN-HOURS
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INTEGRAL TAB
RECURRING COST/DETAIL
INFLUENCED “{: :Eﬂ:::sgr PLIES}
COST INCLUDES TRIM ONLY
1 7
indut
| PERIMETER
0.05 7
0.04 §,° \é’ /
& Y
‘? v
0.03 A
/
/ f Q\'«ﬁ,’/
/| / P
0.01 v
0
2 3 4 5 6 7 8 9 10
PERIMETER, INCHES
SEE GROUND RULES FOR LIMITATIONS AND CONSIDERATIONS
DICE-G/E-6




e e o

FTR450261000U
3 Jan 1983

4.3.5 Ground Rules for Advanced Composites Section

The following General and Detailed Ground Rules for the Advanced Com-~
posites Section were developed to establish the scope of the data required
and to establish guidance to MC/DG application. Ground rules are necessary
and important as they promote understanding, ensure consistency, uniformity,
and accuracy in generating and integrating data into the formats.

4,3.5.1 General Ground Rules

The general ground rules were categorized under the following
major groupings:

(a) Advanced Composite Discrete Parts

(b) Composite Material Types

(c) Manufacturing Technology

(d) Facilities

(e) Data Generstion - Recurring Costs

(f) Data Generation - Nonrecurring Costs

(g) Support Function Modifiers.

The Advanced Composites Fabrication Guide (ACFG) glossary was
used as a basis for terminology. The Advanced Composites Design Guide
(ACDG), Advanced Composites Cost Estimating Manual (ACCEM), and the ACFG

were utilized in the development of the MC/DG section, "Advanced Composites
Fabrication".

(a) Advanced Composite Discrete Parts

(1) The selected base parts vere representative of common
structural shapes that were required in both small and
large aircraft. They ware selected such that a base
part formed the foundation to which a designer could
modify the part as required.to achieve the desired
structural configuration. Some of these structural
shapes were applicable to the Phage III trade study.

(2) The selected discrete parts were defined and dimensioned
to adequately display the effect on part manufacturing
cost of designer-influenced cost elements (DICE).
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(b) Composite
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(4)
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Foome

Support function modifiers, e.g., quality assurance,
manufacturing, etc., were excluded, but could be treated
by the MC/DG user at bis discretion.

Material Types

Composite materials were selected from those commonly

used in the aerospace industry. This erabled a uniform
data base to be established and enabled wide application
of the manufacturing cost formats developed. The materials
processing uged was in accordance with the technical
recommendations of the material suppliers, e.g., cure
cycle and bleeder-ply ratios, except as noted in the
detailed ground rules. The ACFG was utilized whenever
applicable. Typical candidate material systems are:

e AS/3501-6

o 5208/T300 ¥

e 934/T300.

As the cost of composite materials is comstantly being
reduced wvith increased usage, raw material costs were
not included in the MC/DG formats. However, as raw
material costs for composites have a large impact

on the cost~effectiveness of thege structures, current
and projected prices must be included by the MC/DG user
company .

Materisl cost of nonrecurring tooling was not included.
Honeycomb sandwich structures were mot considered in this
phase of the program,

(¢) Manufacturing Technologies

1)

Only conventional manufacturing technologies, such as
covered in the ACFG, were considered. No emerging manu-

facturing methods, such as robotics, were considered in

Phage IXI(b). -
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(2) A production environment, in contrast to a prototype,
was assumed for the advanced composite parts. Two
hundred units were considered.

(3) To generate an effective data base for each lglected
part, a factory operational sequence for the selected
manufacturing method and procesases was established.
This standardizsd sequence was used by each assigned
team member to determine the base part cost using the
ACCEM, wherever possible.

' (4) Unidirectional strip plies were Lo be internal.

‘ (d) Facilities

(1) For Phase II1(b), only standard manufacturing facilities,
currently available (1978-1979) to the airframe industry,
were considered. However, it was recognized that if com-
posites are to be more widely competitive with aluminum

1— structures, automated equipment is necessary and develop-
! ment/implementation should be pursued by the industry on
an expedited basis.

(e} Data Generation - Recurring Costs

(1) Recurring man~hour data were generated for the complete
process of parts fabrication to 1nélude all hands-on-
factory direct operations from conversion of the raw
material to a finished part.

' (2) The base-part cost was generated for each part type.

The base-part cost represented the sum of all standard
hours associated with each part as specified in these
ground rules.

(3) Designer-influenced cost elements (DICE), requiring
added operations, were treated as separate cost elements
and not included in the base-part cost.

{q ) (4) In addition to the base-part cost data, costs associated

i with design complexities and the resulting cost drivers

| were identified.
403=40
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Cost data were rapresented in man-hours.

Recurring tooling costs (tool maintenance, planning,
etc.) are not included.

The data submitted to BCL were the base-part cost and
the costs of designer-influenced cost elements (DICE)
provided separately.

In developing cost data for parts, individual team
company learning curves were used. Unit part costs
were evaluated at unit 200.

The part cost, as derived by each airframe company, was
normalized by BCL to reflect an industry team average
value for each part.

For proprietary reasons, business-sensitive information
employed at team member companies is not presented in
the MC/DG.

No data provided by any airframe company team member
were disclosed to other team members, agencies, or

to the public without the expressed approval of the
team member.

A pilot data collection run was accomplished and
coordinated with the team members and BCL prior to
completing the data generation task.

Recurring costs included pattern trim, layup, debulking,
cure, and trim of composite parts, unless otherwise
specified.

(f) Data Generation - Nonrecurring Costs

Q)

2

Tool fabrication costs were generated for each part
type and assembly. The cost of tool design or support
of tool fabrication and development of shop work orders
(methods sheets) was not included.
The costs of production contract tooling associated
directly with the detailed fabrication of the parts
and assemblies were the only tooling costs to be
included.

4,3-41
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(3) Nonrecurring costs generated by the team member companies
were normalized by BCL for presentation in the MC/DG.

(4) Soft tools, such as rubber bags, bladders, and mandrels,
were limited to 50 curing cycles. For 200 parts, the

soft tool man-hours were factored by 4.

(g) Support Function Modifiers

(1) Additional effort other than factory labor, such as
quality control and assurance and manufacturing
engineering, was excluded from the part cost data
supplied to BCL. These modifiers may be included
later by the MC/DG users at airframe companies.

(2) Quality control (QC) of composite structures was a
cost driver and should be considered separately by each
airframe company using the MC/DG. This was because
of the wide variation in individual company QC methods
and methods of accounting.

4.3.5.2 Detailed Ground Rules

Detailed ground rules were prepared by the team to define the
part shapes and manufacturing processes for which cost data were prepared
and to provide for the uniformity in the costing methodology between
companies. The parts and methods defined by these detsiled ground rules
were chosen to provide a common ground for cost data development, but the
use of the MC/DG was not restricted to these exact part definitioms.

The detailed ground rules were categorized under the following
major groupings: -

(a) Material

(b) Base Part Drawings and Sketches Used to Develop

Cost Data for Formats

(c) Tolerances

(d) Estimating Method.
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The material system to be used was AS/3501-6 with a
resin content of 34 percent + 3 percent.

12-inch-wide unidirectional tape was used on all parts.
Ply thickness, T, ranged from 0.005 inch to 0.007 inch.

of Parts Used to Develop Cost Data

See following two pages.

(¢) Tolerances

Tolerances for the base part configurations were con-
sidered to be: ¢ 0.03 inch on lineal dimensions and

4+ 0.00025 inch on thickness per ply.

Tolerance for the cocured assembly was + 0.06 inch on
part location.

A minimum of 0.25 inch was used on all interior radii.
Fit-up maximum tolerances for cured details were 0.030-
inch gap for "Mechanically Fastened Assembly” and 0.15
inch for "Bonding".

Estimating Method

The ACCEM was used as the base, with each team member
company applying its own learning curves.
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