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SUMMARY

Volume II of the Boeing report on the IPAD feasibility
study establishes the extent to which IPAD is to relate to the
design process. This is achieved by recommending the kind and
degree of design that 1is to be done within EPAD, and by
developing a catalog of the technical computer cocde required to
do that design.

Two projects were chosen for study. These were a subsonic
commercial transport (Project 1), and a supersonic commercial
transport ({Project 2). 1In addition a brief study was made of a
naval hydrofoil. Prior to establishing the design process for
these Projects in detail, the general project environment was
divided into nine levels, arranged into three sections. Thess
levels provide the interface with the total time related
activities for aerospace products and provide control of the
technical process.

The first section 21s the IPAD interface with continuing
research, from which new technical code elements and data are
incorporated into IPAD. This section has only one Level. The
second section 1s comprised of four Levels and is concerned with
the preliminary design of the product. The four Levels in this
section are: Design Mission and Criteria Selection, Design
Sizing, Design Refinement, and Design Verification. The third
section is concerned with the detail design and manufacture of
the product, and is also comprised of four Levels. They are:
Product Detail Design, Product Manufacture, Product Verification
and Product Sopport. For each of these Levels, the extent of
design and analysis, the computational resocources required, and
the resultant accuracy of the ansvers will be known to
management. After review of the results of each Level,
mapagement may compit the design sequence to the next lLevel.

The detailed design network in the Preliminary Design
section 1s developed in detail for Projects 1 and 2. Each
elerent of technical code, denoted Technical Program Elements,
1s identified for that network, and are presented in YVolume V.
This catalog provides a list of reguired technical capabilities,
and supports the determination of computing hardware
reguilrements.

Optimization techniques and a reconmended strategy for
their application +to the design networks are are discussed.
Three classes of optaimization are identified for the TPAD
environment. They are direct or mathematical programming, which
1s computer controlled; trade-off studies, which are done by a



combination of user control and computer control; and segquential
model refining, which is entirely a user—controlled process.

The information drawn from the study of Projects 1 and 2 is
used to prepare requirements for the support of the design
process. These requirements are presented in Volume ITII.

A recommended 1implementation strateyy 1s presented. The
initial implementation should provide a suitable balance between
technical capability and system capability. There must be
adequate Technical Program Elements available to support the
development and check-out of the IPAD System software and to
provide the minimum technical capability which will justify the
initial development cost of IPAD. This would anclude the first
parts of the Preliminary Design Levels for Projects 1 and 2, and
the design-manunfacturing interface, which would be somewhat
product independent. The long term development would complete
the technical capabilaities for all the Levels. Then, for future
developnent, the IPAD System will support the changing nature of
the tasks associated with the design of +the product, by
improving existing technical disciplines, and adding or
discarding other technical disciplines as the state of the art
advances.

The guestions of Task I and selected gquestions of Task 2
are answered. In general, these answvers state that IPAD should
eventually be applied to any product that requires control of a
large data base. It should be applied to all parts of the
product design process and manufacturing interface. The
divisior of product .activity into levels gives management the
ability thru IPAD to control the optaimum balance between level
of analysis, computing cost and flow time. It 1s clear to those
who have conducted tnis feasibilaity study that an IPAD which
meets the objectives established in this vVolume will be a
natioral resource, and wi1ll contribute sagrificantly to the
advancement in the state of the art of aerospace vehicle design.
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1.0 INTRODUCTION

This volame reports the findings of Task 1 of the IPAD
feasibility study relative to the required support of the design
Process. The purpose of Task 1 was to determine the extent to
which IPAD should support the design process and to identify the
following: (1) the aspects of the design process which should be
carcied out by IPAD and the degree of design detail to be
modeled; ({2) the availability and adequacy of computer programs
which are currently available for IPAD and (3) the areas where
suitable programs are not available and to recommend the areas
where prograns should be developed.

1.1 OBJECTIVES.

The following objectives were established to determine the
required support of the design process: (l) to identify design
logic which an IPAD executive and data base management system
would be rtequired to support; (2) to identify strategy for
optimization; (3) to determine the aspects for a short term and
a long term IPAD inmplementation strategy and (4) to provide a
library of technical program elements (existing and required
computer code) which perform the design and analysis required to
support the design logic.

1.2 BACKGROUND

The studies reported in this volume were to define
technical regquirements for the IPAD system, based on needs
identified by a representative group of experienced users.
Initial tasks involved the construction of network models of the
design process for two representative projects of the type that
IPAD @must support. These models have provided essential
background for team discussions of critical interdisciplinary
problems and for the appraisal of exasting computational
capabilities, identification of current deficiencies.
Information from Section 4 (design and analysis iteration 1loops
in the design networks, and associated task descriptions) and
from the Catalog of Technical Program Elements in Volume V have
ptovided background for the analysis of optimization strategies
reported in Section 5 and answers to +the Task 1 and Task 2
question reported in Section 2.

It is eamphasized that the project design networks presented
in Section 4 are examples only, not fixed models of the design
and decision process. Rather they should be viewed as an
engineering input which is pertinent to the IPAD system design.



since the design and analysis of the IPAD system itself should
be viewed as an iterative process, the information in this
Volume should in fact be regarded as the initial user inputs.
Finally, the material presented here should provide some basis
to judge the need for an IPAD system and to evaluate potential
benefits from its implementation.



2.0 ANSHWERS T0 TASK QUESTIONS

2.1 GENERAL

The answers to Task 1 and Task 2 questions which relate to
the support of the design process are presented ir the following
sections. All Task 1 guestions and several Task 2 questions are
answered here. The remaining Task 2 questions relate to user
requirements or to the IPAD system design and are answWwered ain
Volumes III and IV. A discussion has been included following
each answer to clarify or expand the informatior and in some to
relate the answers to sections of this document where additional
information may be £found. Many of the answers to the task
guestions refer to Design Levels. These levels are discussed 1in
detail in Section 3 and 4 and are considered essential to permit
rigorous managament control of the IPAD design process.

2.2 TASK 1 QUESTIONS (1, 2, 3, 4, 5, 6, 7, 3, 9, 10, 11 & 12

Task _1, Question _1l--What different disciplines should be
nvolved?

Apswer~—The characterization of +the dJdesign process for
Project 1 and Project 2 indicate that a 1large number of
disciplines 4are 1nvolved to varying degrees in Design Levels II
to VI. The titles for each discipline may vary from company to
comnpany, but the activities will remain the same. The 1list of

di1sciplines is as follows:

{1) Aerodynamics {11) Noise

(2) Configuration design {12) Performance

{3) Dynamic loads {13) Propulsion

(4) Flight control systems (14) Reliability & Maintainapility
(5) Finance (15) Stabilaty and control

(6) Flutter {l6) Static loads

(7) Geometry lofting (17} Stress

{8) Managemant info. systen {18) S5tructure design

{9) Marketaing {19) Systems design
(10} Mathematics support {20) Weights



Discussion~-The +technical design and analysis capability
must include all disciplines which influence the size,
arrangement and performance of a product. In addition, the
finance, marketing and manufacturing factors which influence the
product size and performance must be 21dentified and accounted

for in the technical definition of the product.

Task 1, Question 2--What disclplines are already adeguately
represented by existing codes? Which ones are missing?

AnsWer—--The disciplines of gecometry lofting, mathematics,
norse and product assurance (reliability) are adegquately
represented by existing codes. The discipline of structural
design and the preliminary design management information systenm
are missing. This i1s based on a Boelng Company survey.

Discussion-~0f +the twenty technical disciplines identified
during +the characterization of the design process, the
disciplines of geonetry lofting, mathematics, nolse and product
assurance (reliability) are adequately represented by existing
code. The disciplines of aerodymamics, flight control systenms,
finance, propulsion, static and dynamic loads, flutter and
stress have over half the indicated code presently available.
The disciplines of configuraticn design, marketing, performance,
stability and control, systems and weights have less +than half
the required code available now, although code 1s under
development in many of <these areas. The discipline of
structural design and the preliminary design management
information system are missing, and no code 1s currently under
development. These indications are based on a Boeing survey,
and are subject to some change at other sources. This subject
is discussed in Section 6.0.

Task_1l, Question 3-—-What disciplines have to be represented
primarily by experimental data?

Answer--Stability and control, static loads and noise are
highly dependent on experimental data in Design levels ¥ and VI.
Aerodynamics and flutter are dependent tc a lesser degree in
these levels. The propulsion system will be represented almost
totally by experimental data, beginning with Design Level 1IV.
Nearly all dasciplines require statistical data in Levels II to
IV. Statistical data is considered separately as Task 1,
Question 6.

Discussion
(1) In Design Levels V and VI, several disciplines are

highly dependent upon experimental data. In the context of this
answer, experimental data 1is taken to jut=ri1 information



pertaining specifically +to the particular configurations under
consideration. Stability and control data will be almost
exclusively derived from wind tunnel model testing at all of the
various speed regimes. Static loads on secondary structure will
alsoc be determined exclusively by wind tunnel model testing.
Noise levels and patteras will be predicted wusing noise rig
testing. The answers above pertain to both Project 1 (Subsonic
Commercial Transport) and Project 2 (Supersonic Commercial
Transport). In addition, representative experimental data will
be required in Design Level IV by the stability and control
discipline, for the case of Project 2.

{(2) In Design Levels V and VI, the discaiplines of
aerodynamics and flutter are dependent to a lesser degree on
experimental data for the particular configuration, as a sizable
portion of the design and analysis work in these dasciplines can
be done analytically.

(3) The disciplines representing the propulsion systens
will be represented by experimental information that begins at
Pesign Level IV and 1increases in depth +through the higher
levels.

(4) In Design Levels II, III and IV, all of the
discaiplines, excluding the avionics part of any flight control
systems and excluding the configuration lofting, are dependent
to some degree on statistical data. This c¢lass of data 1is
distinct from experimental data and 1s discussed more fully in
Task 1, Question 6.

Task 1, Ouestion 4—-How should experimental data be handled
in the system operation?

Answer—-Experimental data shouid be stored in the
appropriate community data bank in coefficient form, not in the
raw englineering or ianstrument measuring units in which 1t was
recorded. The reduction to coefficient form should i1deally be
done by personnel at the facility where the testing was done.

Discussion-—~The test facilaty will repeatedly take data in
a saimilar nanner for a succession of configurations orc
components. Consequently, the personnel at the test facilaity
will develop the ©best understanding of the errors and
limitations of the test techniques. This understanding provides
corrections to the acquired data and cautions concerning limits
to 1ts wvalidity. The reduction of the raw recorded data into
sope useful coefficient form would best be done by personnel
representing the test facility. Hopefully, this data reduction
1tself will be done n the IPAD envaironment, using all the



features of the IPAD system to reduce and enter the data 2into
the appropriate community libraraies.

Task__1, Question 5--What aspects of the design are not
quantifiable and what impact do they have on the design process?

Answer-—Certain critical aspects of management control,
design evaluation and design optimization cannot be automated.
The IPAD System must support, in terms of data retrieval and
display, the user requirements +to perform these craitical

aspects.

Dascussion--If an aspect of the design prccess can ke
quantified, +then 1t can be autcmated. Thus, the parts of the
design process that cannot be written 1n sets of mathematical
processes cannot be automated and must remain under the contrcl
of the user. There are three main rarts of the design process

tnat cannot be guantified.

Firstly, management control over the selection of the
designs to be examined 1s based on many 1ntangibles. Some of
these, for example certain market requirements, car be of a
mathematical or statistical nature. But many of the criteria
controlling selection of design classes are based on diverse and
undocumented customer needs, human facter concepts and poorly
understood yet powerful user preterences. Thus, 1n many cases
the beginning design will simply be legislated by management.
The early Design Levels (II and III} will provide dependable
analysis rapidly to point out poor designs or design features
that have been advocated.

Secondly, a large part of the evaluation of a design i1s not
quantifiable. These points 0f evaluation will range from M1t
Just doesntt look right" <to serious objections based on
engineering evaluations that have merait, but cannot be stated
mathematically. In the IPAD environment, these evaluations will
be aided by the data base management and display features of the
IPAD system.

Thirdly, an entire class of optimization, namely tradeoff
studies (see Chapter 5, section 5.2.2) will work to improve

certain design parameters simultaneously. Ir most cases no
single merit function weighaing relative dgains among the
parameters can be written. It will Dbe left to the user to

control this class of optimizaticn, aided by the data base
wmanagement and display features of the IPAD Systen.

Task_ 1, _Question _E--What is the proper place and role of
statistical information in the system?




Answer--Each +technical discipline will wuse statistical
information in order to produce its best estimate of the
uitimate result at any point in time until that information can
be replaced by specific experimental and analytical information.
These replacements w#i1ll vary by technical discipline and by

preject as to their location in the Design Networks.

Discussion—-The development of a project begins as an
identifiable form at Design Level IIZ. In this level, most of
the required information will be statistical in nature. In the
context used hereain, statistical information wi1ill mean
information of a general nature, rather than uniquely pertaining
to the configuration under consideration (see Task 1, Question
3}. This statistical information will be used starting in Level
II and will continue until the ainformation can be replaced by
specific experimental and analytical information which will

pertain uniquely to the configuration under consideration.

The statistical ainformation will enter the pertinent data
base for three reasons. Firstly, ainformation —representing
technological advances will enter the IPAD envaironment at Level
I. This is the viewpoint through which IPAD will watch the
broad areas of research and development that pertain. Secondly,
statistical ainformation representing in-service histories of
actual products will be recorded and stored by the activities of
Level IX. Thirdly, many of the Technical Program Elements will
generate statistical information (e.g., Type A Weaights) in the
early design levels.

As the design progresses through the design levels, each
technical discaipline will begin to replace 1ts statistical
information with experimental data and analytical information
which pertains to the specific configquration under
consideration. Statistical information REeVer disappears
completely from the data bank of a particular product because it
1s not always cost effective to go to the trouble of replacing
the information with experimental and/or analytical informatior.

Task 1, Question_ 7--In the case of structural weight, how
should the non-optimum and secondary weights be assessed?

using statistical ainformation 1in the early preliminary design
levels. Because of the expense 1nvolved, the lack of sufficient
detail design information, and the limited experience available,
the statistical non—optimum weights will be used in the design
networks until the weights can bhe calculated from detail part
layout drawings generated in the product design levels. The
secondary structural weights wi1ll have a similar history
throughout the design process.



Discussign—-For purposes of +this discussion, non-optipum
structural material 1s assumed to be that material associated
with the primary structure that 1is over and above the
theoretical material which can be derived using the available
structural models and is based on the <conditions which are
expected to design the structure and that can be accommodated by
the model, e.g., static loads, dynamic loads, flutter, thermal
loads, etc. The non-optimum material includes such 1tems as
fasteners, edge members, access doors, cutout reinforcements,
manufacturing tolerances and constraints, cores, clips, splices,
and miscellaneous attachments,

From the time that the non-optimur material weiqht appears
as an 1dentifiable 1tem in the second part of Level III until
the taime when detail part layout drawings are released, the non-
optimum weights will be calculated in a statistical nmanner and
will probably be based on a percentage of the optaimum
(theoretical) praimary structure material weiaghts. There are
three pramary reasons why a statistical approach 1s used:

1. Ssufficient detail design information is not available.

2. The cost of determining the non-optimum weights an
other than a statistical manner is high.

3. There 1s limited experience available from associated
structural models that produce theoretical weight.

Alse 1n some cases, errors in the ncn-optimum material
weight might be tolerated because of the relatively small
portion of the +total weight that 1s contributed by the non-
optimum weight. As the structure 1s modeled 1n greater depth in
the higher preliminary design levels, the absolute value of the
pon—-cptimum weight factors can be improved.

The secondary structure weights will Lke handled 1in a
similar manner. Beginning an the second part of Design Level
III acd continuing through the precduct design levels when detail
part layout drawings are Teleased, there wi1ll be a heavy
reliance on statistical information to generate secondary
structure weights. The reasons for this are similar to those
associrated with +the non-optimum weights, together with the
diffaiculties of formulating the conditions which will size the
secondary structure items. As the structure is modeled in
greater detail in the higher preliminary design levels, many of
the Msecondary" structure items will be 1included in the
structural model and will be sized by aralysis based on the
pertinent design conditions.



Task_1, Question _8~--Wwhat should be the IPAD level of
application?

a. Preliminary design?
b. Detailed design?
c. Final analysas?

d. Can all be included ain the system as a natural
progression of the design process?

Answer--IPAD should be applied to all parts of the product
design process and manufacture interface. If the IPAD system is
well designed, 1t will support any one level as well as all of
the levels. Therefore, development of all design levels should
be undertaken as a natural progressicn.

Discussion--Figure 4.1 (page 24 ) divides the product
environment into nine levels of invelvement, which are then
collected into three groups. These groups and levels within
groups are presented in detail in sections 4.1 to 4.4. The IPAD
system wi1ll be dinvolved in all =®ine levels. The Data Base
Manager will be very obvious in all levels. It will provide the
tie, in terms of data base, between all of the levels. Thus,
when the 1IPAD system is developed, it will be able to support
any design or product level.

Task 1, Question 9--What should be the range of TIPAD
applications?

a. Commercial vehicles?
b. Military vehicles?
c. hkerospace vehicles?
d. Allz

Answer--IPAD will benefait any product Iarge enough to
support the computer cost to use the IPAD System. First
implementation should be 21n the area of commercial aircraft,
specifically, an advanced SST. TIndeed, the design of that class
of aircraft offers an outstanding requirement for multi-
discipline techrical integration, thus providing primary
motivation for IPAD. It could be a decisive factor in achieving
a high gquality product with reduced technical risks, and a means
to control development costs and to nmeet schedules. In
addition, other commercial and wmilitary aerospace vehicles

wo



simply awalt development of the necessary Technical Program
Elements.

Discussion--Application of IPAD is limited only by the
development of required Technical Program Elements. It 1s
recommended that the first application be to ccmmercial aircraft
vehicles, as the largest pool of available Technical Progran
Elements from which to draw 1s in this area. It a1s further
recommended that in support of a future natioral priority that
Technical Program Elements be selected which will sapport the
design of an advanced supersonic transport. It is strongly
maintained +that IPAD <¢ould become an invaluable tool for
rdentifying a suitable configuration for this vehicle among the

myriad or options and variations that must be considered. A
parallel selection of Technical Program Elements for a subsonic
transport 1s also recommended. This would provide the

capability to <check out the IPAD system software and to
calribrate the Technical Program Elements.

Once the IPAD system 1is operational, application +to other
products merely awaits the develcpment of a suitable library of
Technical Program Elements. Obvious collections will develop
for military and aerospace vehicles, as funding 15 made
available.

Task 1, Question l0--How can one resolve the unavoadable
conflict between the level of analysis and computer time? What
is the optaimal l=vel of analysis at each stage of the design?
How can one measure and determine 1t?

Anpswer--With the nine Product Levels as provided in figure
4.1, the conflict 1s avoided. For each of these levels, the
extent of analysis, the computational resources required, and
the resultant accuracy of the answers will be known to
management. After review of the results of each Level,
management wi1ill commit the design segquence to the next higher
level.

The nine design 1levels have pbeen chosen with the goal to
permit the optimum trade between computing rescurces, time to
get the result and accuracy of the result. The design levels so
chcsen integrate the use of statistical data, analysis and
experimental data in order to balance the accuracies of the
various technical disciplines within each level. The overall
accuracy of any single design level is 1influenced by the
maragement need of an answer to that accuracy within a certain
time period.

on figure 4.1 (Page 24) was done by first establashing the trend
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of accuracy versus response time. This trend 1s a mRanagement
reguirement. The cost of attaining the soclution in each level
is a second constraint, established by the user. The resulting
requirements of accuracy, cost and response time for each level
become a goal to be met during the characterization of the
design process within a given level. This goal also determined
the nature of the Technical Program Elements required by each
technical discipline +to prodoce a balanced answer., It may be
necessary to develop a sizable number of new Technical Progranm
Elements in order +to keep neatr the optirum trade of accuracy,
cost and timing.

Gnce a given design level 1is operational for a certaain
class of products, a series of calibration cases will have to be
ran. These will be known examples of actual preduct hardware.
The «calibration will 3indicate +the precise trades between
accuracy, cost and timing. To achieve the desired accuracy, it
may be necessary to exchange certain of , the Technical Progranm
Elements among the levels.

The final, documented performance of each of the design
levels for a particular class of product 1n terms of accuracy,
cost and tiwming becomes a powerful guide to management., With
this information available, the commitment of the design to
higher 1levels can be wnade by management with high confidsnce
that the step will be cost effective.

Task l, Questigon ll--What choace of design strategy should
be available to the designer in seeking the optimum design? For
instance, how can trade—-off data be generated and used to speed
up the desigan process?

Answer——The design strategy is completely represented by
the nine design 1levels of fiqgure #.1. This forms an orderly
sequence of design steps that increase the accuracy and
reliability of the design for a known additional cost. Because
of the orderly development of the product design arising from
the design levels, the generation of trade-off data should be
carefully controlled. Trade—off data should be collected from
generalized studies thus providing releted parametric data
having established trends. Cesigners may extract specific
information from data ia this form and with reasonable accuracy
predict the capability of specific cases. This data will be
used 1n Levels II, IITI and IV and should speed up the design
process. A trade study plan must be implemented and continually
updated to achieve the final optimum design selection.

Discugssion—--The design strategy has been developed and

established in general by the design levels of figure 4.1. %This
general outline has been developed in detail for Project 1 and
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project 2 (see figures #.2, page 32 and 4.6, page 142). The
detailed design networks serve as the guide for the optimum
design strategy for these two classes of products, a subsonic
and a supersonic commerciral transport. New classes of products,
for example, a large mnaval vessel, should have the detailed
design network planned in a similar marner prior to beginning
implementation of relevant Technical Program Elements.

Trade-off data should be developed from theory and by
testing. For example, & Wing sSweep versus wing thickness
generalized testing would develop data for a family of related
wing designs. A pase test configuration which meets a specified
mission would be selected using the design networks for Levels
Ii, IIT and IV. A family of test configurations would then be
developed from the base cenfiguration such that a grid of
parametric data can be developed wusing the TLevel V desagn
network. The IPAD data mangement capability will allow recall
of all trade data recorded during past investigations. Using
generalized methods should provide greater confidence 1in past
studies. Every effort should be mnade to keep the number of
trade studies for a given problem as few as possible.

Conducting comparative trade studies to select the optimum
configurations 1s possible using only the design network for
Levels II and III but 1s limited to investigation of similar
configurations for which +the analysis methods are 1dentical.
This capability will greatly speed up the design process.
However, 1nvestigations of non-similar configurations such as
comparing engines on the wing to engines on the Dbody—must be
extended through the Levels IV and V design networks to gain
the accuracy and empirical data required to select an optinum
engine location.

Trade studies will also be conducted. by specific technical
disciplines on detail designs in Levels IV, V and VI. an
example might be +the comparison of two versus three actuators
for a specific control surface. These detail trade studies are
conducted in a similar manner to overall configuration trade
studies and may use generalized parametric data as well as
specific test Jata.

Task 1, Question 12--How could one judge the efficiency of
independently developed codes relate to their efficiency when
incorporated into the IPAD framework? At what poant would i1t be
more economical to rewrite the 1independent code before
incorporation into IPAD?

Angwer-—-The data base management features of the IPAD

system wi1ll provide for very efficient data communication
batween code within IPAD, Inefficienclies will arise when codes
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brought together in IPAD have significant engineering overlaps.
As this situation raises the question of integrity of the
results, editing +the overlaps in the <code is more than a

guestion of economics, and should be eliminated whene ver
possible,
Discussion-—-Independently developed code will be

sufficiently efficient 1in its present form, or it would not
likely be considered for IPAD. The IPAD system should not make
this code less efficient when the code is a part of 1IPAD. Two
such sets of code, when used together in IPAD, should have a
very efficient data communication, as supported by the IPAD
system's data base manager.

However, 1t 1s 1likely that two sets of 1independently
developed code will have some overlaps in thear engineeraing
calculations. Each overlap of this nature reduces the
efficiency of the calculations, but more important, the overlap
could decrease the integrity of the final results. There will
be no assurance that the repeated calculations will produce the
same answer 1in the various sets of code. Whenever the manpower
1s available to do so, these overlaps should be removed from the
technical code 1n IPAD.

2.3 TASK 2 QUESTIONS (4, 5, 6, 7, 8, 9, 13)

Task 2, Question 4--To what extent and how should the human

element be retained in the system control in order +to utilize
engineering "intuition®", judgment and experience?

Answer--The basic operating mode for IPAD will be based on
the persconal remote terminal. With this wmode, the human
element, that 1s the user, will always be present. The general
level of user control will be to monitor the progress of a
solution with a1interdiction «capability. A step up to the
interactive moda will be done as specific Technical Progran
Elements activate that mode duraing the course of their

execution.

his presence felt during the entire sequence involved in getting
his job done. This will begin in the first stages where both
the code to be executed and the data sets to be used as input
are prepared. These operations will typically Le interactive,
with text editing done to both code and data from the personal
terminal.

Once execution begins, the type of user presence in the
control of the solution varies witn the design level. Takaing
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project 1, the subsonic commercial transport, as ar example (see
figure 4.2, page 32), the user will begin a Level II solution by
1nteractive text editing of both <code and data. Once in
execution, the mode becomes one of interdiction, with the user
monitoring the solution and interrupting that solution should an
undesirable path be taken. The execution times will be so short
in Level II that the user would best monitor the solution rather

than ainteractively control it.

Much the same approach 1s taken in the first half of Ilevel
III, where the geometry 21s sized. Beglnning with the second
half of Level III, where the primary structure 1s sized for the
First time, the sizes of the Technical Program Elements and
their computational times become large enough that the user can
provide control over the direction of the solution without the
risk of penalizing to an unacceptable extent the execution of
these larger programs. In fact, as the solutaon tends to become
more complex, interaction will increase. In the earlier levels,
the design algorithms relating the various design and analysis
processes can be written. For the more detailled problems found
in the higher 1levels, the design algorithms cannot always be

written. As repetitive sequences are recognized duraing
i1nteractive design activitzies, these sequences will be
automated. This process will result 1in an evolutionary

development of design technical code. Thus, the séquence of
solution must be directed by the user through the ainteractive
mode. :

The user will also wmonitor and 1interdict optaimization
processes during their solution. This refers to the direct, orT
mathematical optimization processes that execute automatically.
These will be monitorad to interrupt and restart a solution that
1s not performing correctly.

Task_2, Question 5--What set of design variables defines
the vehicles to which IPAD is to be applied?

Answer--0f the total set of variables describing the
gsroduct, each variable becomes a design variable at some level.
The numper of design variables expands from a few at Level II to

many at Level IV to all of the variables at Level VI.

Discussion--The data base for a given product will contain
the engineering definition of all of the variables known by IPAD
relating to the product. There are three «classes of these
variables. Firstly, a small set of the variables are important
as decign varliables at the start of the design in Levels II and
the fairst half of Level III. But in the higher design levels,
these variables are discarded in favor of variables that give a

mcre precise expression. For example, in Levels II and IIT, a
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wing section will be parametrically generated from perhaps ten
paraceters, such as leading edge radius and maximum thickness.
But 1n the higher levels, as wind tunnel models are being
designed, a more precise definition will be required for the
wing sections, and these parameters will become inactive.

Secondly, there are design varisbles that are important
throughout the entire design process. An example would bhe
takeoff gross weight, or the desigr range-payload curve.

Thirdly, there are variables that become active in the
higher levels. This c¢lass will contain by far the largest
number, and will dominate the data base storage situation. To
continue the example above, once wind tunnel models are belng
designed, the wing section that was at first conpletely
specified by ten parameters will nov be specified by 100 points.
These points, although +they will be pairs of coordinates, are
truly parameters and will be treated by both the user and the
IPAD system as suach.

Task _2, Question 6-—-Should the set of design variables be
divided into subsets of basic ones {(i.e., wing aspect ratio) and
local ones (1.e., skin thickness of a specific panel)?

Answer--There is no advantage to be gained by special
1dentification of variables as being eather local or basic. The
IPAD system and Data Base Manager allow Technical Progran
Element input-output identification and data set defination.
These will give +the user the flexability to handle his data

efficiently.

As each Element 1s 1ntroduced into the community library,
the variables that appear at the boundaries of that Element will
be entered into the community library dictionary. Thus, all of
the design variables corresponding to the current design and
analysis capabality will be known throughout the user community.
s a separate entry, a user may package these design variables
in any order into groups, or data sets. Different users will be
able to collect the same variables i1into different sets. 0Or, the
sampe user may reorder his data sets over a pericd of time.

Discussion--Fach new Technical Program Element that 1is
added to the library becomes available for use in design and
analysis tasks and increases the degree of completeness that can
be achieved for the design. At some point, there will be enough
of these Elements available to do essentially the +total design
of the product. The entry of a new Element into the dictionary
will be accompanied by a declaration to the dictionary of the
variables that appear at its boundaries. When the user chooses
a set of Elements to do a certain design or analysis task, the

15



IPAD system will help him to realize all of the variables of the
total set known in the community library that are active for
that task.

The number of variables may become large, and there may be
many variables that have logical relationships. The user can
group relatsd variables into sets of data, to make the
portability of groups of data easier. There is no Testriction
that all the variables in a data set be logically related, but
in most cases they will be. The variables colilected an data
sets are entirely at the user's discretion, and the user will
reorder his data sets from time to time.

Task 2, Question 7--How should the number of vehicle design
variables be reduced to a tractable number?

Answer—--The division of the whole product activity into
nine levels establishes a natural relation between number of
variables and the +ime the user has to do the solution. At
Level II, which has a short time frame, the user will use a very
small subset of tne total set of variables. At Level VI, which
has a long time frame, the user community will need nearly all
of the variables known to the IPAD system. As the design
proceeds through the levels and the number of active variables
grows, collection 1into data sets will make data handling nuch
easler. .

Discussion-~The total set of design variables known to the
community library is directly related to the design and analysis
capability currently available. To reduce this number of design
variables known to the community library would require deletion
of some of the design and analysis capabilities. There are two
alternatives to the user rather than this drastic one. Firstly,
the subset of variables needed by the user depends con the task
he 1s performing. In Level II, the user will spend only a short
time getting his result. The number of Technical Program
Elements is small and so 1s the number of variables. At the
other extreme, Level VI will use nearly all the variables known
to the community library. The time frame for Level VI will be
very long, so there will be time available to work with large
numbers of variables. However, Level VI 1s actually made up of
many users doing many small Jobs. Fach of these wi1ll use a
small subset of data; no single user will need all the variables

at any one time.

secondly, any user at any level can collect his data ainto
data sets. Data sets will help the user 1n the lower levels.
In the higher levels, data sets will greatly enhance
commnun 1cation between users,
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Task _2, _Question _8--How <c¢an one resolve the associated
problem of the organization of an optimization process in the
form of an overall loop and suboptimization loops?

Answer--Suboptimization will not be done concurrently waith
overall optimization. There is a definite order to the
optimization sequence. First, the overall optimization loop 1is
Testricted to the total probien. B smail number of general
variables will be used in a direct, or mathematical,
optimization process. Once the large loop has bpeen cycled to
conpletion, additional detail nust be developed for that
configuration. With this enhanced detail, selected parts of the
overall optimized solution can then be locally improved with
suboptimization technigques, whether direct or by trial and
error.

The suboptimization process is a sequence of loops withan
loops. Once a given suboptimization loop 1is completed, 1t is
developed in further detail, then suboptimization at +the new
level ocan be done. This cascade effect will continue until the
level is reached at which all the detail parts are designed.

Discussion--Overall optimization means +that the whole
product is seen by the design and analysis processes to be used
during the optimization. Whereas the product is not totally
specified unless all the variables are used, the magnitude of
this set of variables 1s many times larger than can be
accommodated by a formal optimization process. In order to do
the overall optimization, the detail of the product dJdefinition
must be reduced wuntil the number 1s small enough to allow
formal, mathematical optimization techniques. The number will
be on the order of twenty variables or less. This does not mean
that the product 1s represented by only twenty variables, but
that these are the variables that are directly modified duraing
the optimization sequence.

Once the total optimum 1s achieved, then sufficient detail
1s developed to allow suboptimization. At this stage, none of
the variables of optimization from the previous level of
optimization can be modified. The suboptimizaticn stage i1s a
sequence of growing detail until the detail part design stage 1s
reached. At mno point, however, can any level of optamazation
use as a variable of optimization any variable that has been
used as a variable of optimization 1n a previous stage of
optimization. This causes the optimization loops to be nested,
rather than overlapping.

As an exanple, consider +the optimization and eventual

detail part design of a hydraulic actuator for the horaizontal
tail. The optimization would begin ain Levels II and III, where,

17



among other things, the optimum tail size would be found.
Included 1n the analyses of these levels would be statistical
data that would represent the total w#eight of the entire
bydraulics package. But this particular actuator would mnot be
uniguely 1dentified.

Further 1into the design, in Level IV for example, elevator
hinge moment data, structural stiffness data and the stability
and control rTequirements of the flight envelope would aliow
suboptimization on +he number, location and =size of the
1ndaividual actuators. This particular actuator would be first
identified at thas point.

Finally, i1n Levels ¥ and VI, the detailed design of the
actuator would occur. Optimization of the detailed design of
the actuator would be done by the designer to achieve objectives
of control function, weight and reliabilaty.

Tn this example, the aerocelastic .feedback loop would be
considered 1n design of actuator and empennage structure. This
1s 1llustrative of a technical risk that a1s incurred by
oversimplification in overall optimization (or configuration
definition) and excessive constraint in suboptimizatzon
{subsyster or detaill design). Some risk of this sort is
unavoidable. IPAD wi1ll contribute to the reduction of that risk
by providing an improved capability for wnterdisciplainary
analysis. It will also provide a tool for research on design or
optimization methodology with fewer constraints {integration of
subsystems).

Task_2, Question 9--How can one establish a merit function
for various types of aircraft?

Answer——Herzt functions are reqguired only for the
evaluation process assoclated with direct, or mathematical,
optimization. The easiest case 1s to select a single variable.

If this 1is not possible, then a weighted functional
relationship, expressed as a single eguation must be specified.
Ideally, the customer for the product would specify the
weighting. If the customer cannot do so, then the designer must
make the weilghting selection. There 1s no formal process for
doing this selection.

Discussion ~-Direct optimization works to maximize or
minimize a single function. In scme cases, it may be easy to
select a single variable. However, 1n other cases, there may be
several variables to be optimized where a weighting must bLe
developed to tell +the optimization process the relative

importance of these variables. If a weighting <cannot be
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achieved, then the optimization will have to be done by trial
and error,

The best situation is for the customer of the product +to
specify the weightings for the merit function. Where thas
cannot be done, then the designer has to make the choice. Therse
is no formal process for making this selection. It might be
suggested that the designer try several groups of weightings,
and evaluate the resulting optima from each group in terms of
the sales appeal. But if the designer can make this evaluation,
then direct optimization could have been done using total
predicted sales as the single merit function.

There 15 another possibility 1in determining a set of
welghtings. That 1is to state the variables of optimization
{(r.e., direct operating cost, field length, 1initial cruise
altitude, etc.) and develop a statistical set of weightings by
using previous aircraft as a source. However, this will be a
backward-looking set of weightings, and as such may penalize a
technological advance. ] I -

[ R e o .

Task_ 2, Question 13--What is the first release capability
for IPAD which should be developed for subsequent extension?

Answer—--The fairst release of IPAD should 1include the
follovwing technical capability:

1. Operational Technical Program Elements for design and
analysis of a subsonic commercial transport for Levels
I1 and IITI of the design networks for Project 1l.

2. Operational Technical Program Elements for design and
analysis of a supersonic coamercial transpoert for
Level II and the geometry sizing part of Level III of
the design networks for Project 2.

— e e i o v — s e w = - - T, —— ——

Discussion--The initial implementation of IPAD should be
primarily involved in the development and checkout of the systen
software. Therefore, the development of Technical Progranm
Elements should be restricted to modification of existing code
and limited development of new design code where none exists.
It 1s conrsidered possible to develop Levels II, III, and IV of
Project 1 and Levels II and III of Project 2 durirng an
implementation period of two to three years. This capabilaity is
required to checkout the IPAD system and 1t will also provide
the minimum initial technical <capabilaty to Justify the
development cost of IPAD. The answer to Task 1, Question 9 also
supports this selection. Refer to Volume IV for the answer to
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3.0 PROCESS FOR SELECTING TECHNICAL TASKS

3.1 CBJECTIVES AND APPROACH

The major objective of this part of the feasibalaity study
was to characterize the design process in order to establish
technical requirements £or +the TIPAD System design. This
objective was realized by selecting a suitable set of design and
development projects and to describe the related tasks in
sutficient detail to provide a design 1logic upon which the
defanition of +technical requirements for IPAD can be based.
This has been accomplished by a team effort involving
experienced representatives of all of the major aerospace
disciplines. 1In a series of conferences and group discussions
this task force has analyzed representative examples of the
design-analysis~decision processes that IPAD nmust support.
Hembers of the group have also prepared an inventory of existing
and required technical elements (computer programs) to perfornm
the tasks related to each technical discipline. Task
descriptaons have been written to explain how the technical
elements ave employed in performing each task of the design
projects. Group conferences vwere held to prepare a collective
estimate of design and analysis i1terations. This estimate, when
used With the.information gathered about the +technical tasks,
determines the magnitude of the data storage, data access, and
computational activity. These computational requirements are
contained in Volume III.

3.2 SELECTED PROJECTS

The oprimary consideration in selecting representative
projects for study was to achieve technical task descriptions
and computing hardware and software specifications that would
support a broad range of product applicability. Therefore, it
was decided that one of the selected design projects should make
maximum use of existing technology, which would be conducive to
a high level of design application. A subsonic commercial
transport was selected as the first project to be used in
identifying IPAD technical and system requirements. This was
regarded as a logical initial choice since extensive design and
analysis experience 1s available within The Boeing Corpany for
the 707,/727/737/747 class of airplanes.

It was felt that the second design project should focus
attention oo limitations of current technology and on a high
degree of interaction between different disciplines, since these
characteristics will help to identify critical areas requiring
new program development. Also, this project should represent
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the largest product scope to be wundertaken in the IPAD
environment. To satisfy these requirements a SsSupersonic
comnpercial transport was chosen for the second project. This
project requires coasiderable depth of analysis in the early
stages of design and a particularly heavy computational w%ork
load 1n the later stages.

FPinally, to provide background for consideration of non-
aerospace applications of IFAD, a Naval Hydrofoil was selected.

¥

3.3 PRODUCT DESIGN NETWORKS AND LEVELS OF PRODUCT INVOLVEHENT

The product involvement by levels which relate to desagn
depth and computational flow time wWwas considered essential and
levels were used to fornm the work flow logic for each design
project. These levels must provide management with control of
the desired depth of design refinement, the schedules and the
budget c¢ontrol for sclving problems in a cost effective mnanner.
Goals for flow time and computational time were established for
each product in several levels of design involvement.

is a result of the group meetings mentioned above in
section 3.1, the design and analysis tasks comprising each
successive level have been identified, Consideration of data
requirements, interrelationships between tasks, and design and
analysis iterations required to satisfy design requirements and
to support decisions has provided the basis for coastruction of
the design networks for each of the design projects.

The concepts of engineering cost contrel (cost-to-design),
and 1dentification of production costs and direct operating
costs have been integrated into the design networks.
Engineering costs are controlled by management reviewvs
throughout the networks which ainclude identification of cost
performance relative +to budget. Goals for cost~-to-produce are
1dentified as an initial requirement for each problem under
investigation and will becope cost targets. Each mapagement
review will compare production cost estimates to the cost
targets. Cost—to-support estimates are included in all the
direct operating cost (DOC) evaluations. -

3.4 TECHNICAL TASK DESCRIPTIONS

On the basis of common understanding of individual tasks
established 1in constructing the project networks, team menmbers
have prepared narrative descriptions of activities identified
with each network bplock. These narratives generally describe
the application of particular technical elements in performing
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the specific tasks. Task descriptions arvre included 1in the
following sections dealing with the individual netwvorks.

Each task was characterized as entirely manual or computér

supported. Fach computer supported task would be performed by
one or more pieces of computer code, denoted Technical Progranm
Elements. A catalog of these has heen assembled into a library

of IPAD computational elements and are presented in Volume V.

Information such as number of boxes of source cards,
central processor time required, and input/cutput volume is
collected for each Technical Program Element. Also, the status
of each Element is given. These data aid in the development of
the computing hardware and software specifications, and 1indicate
those parts of the design network that require new code to be
written,

22



4.0 DESIGN NETWORKS FOR SELECTED PROJECTS

4.1 GENERAL PRODUCT LEVELS

The purpose of product 1levels 1s to subdivade +he
environment within which IPAD w1ll relate to a product and 1its
degsign process. This division 1s considerad to be product
independent, and serves d4s a guide for the classes of man and
machine involvement with a product. Tigure 4.1 shows the
yeneralized product levels in ths IPAD environment. fThere ar=-
nine product levels divided into three sections.

The first section is comprised only of Level I, <Continuing
Research. This represents the research activities of a long-
term nature that are done independent of IPAD. In the TPAL
envircnment, these research activities will be contimually
monirtored to provide new design procedures, technical analysis
capabilities aasd *to 1mprove the tachnology data bases. FRoth
computing programs and data will be received into IPAD.

The second section is made up ot the Preliminary UPesign

Lavels. The tour levels in this section are desigu criter:a
selection, desagn sizing, design refinemernt and design
verification. Design goals for the four levels must ke chosen

to balance analysis versus computing time., This will prevent a
conflict betwesen the 1level of apalysis and computer time.
Control of the required engineering resourc<s 18 the praincipal
criterion tor the establishment of +the preliminary design
levels. Accordingly, the activities relating tc¢ preliwminary
design will be collected by types of activities and Llerarchies
of nnalysis capabilities to achieve the obhjective of meaningful
design results in a usable tipme period. Thus the capability
will be provided to develop a product design and consistent data
base definition in a <time sequence which 18 regponsive to
pmanaygement control of costs, schedules and technical depth of
analysis for each competing configuration under investigation.
Using tnis concept a manager may develop very complete technical
data on several design configurations before selecting the
specific confiquration to be tested 1n tne wind trunnel waich
requires approximately 3 nmonths flowtime and a large budget
expenditure.

The ifollowing terms (cosmputational flow time, exXecutioun
time, design cycle time and converged design cycle time) are
referred to frequently, thereforec, they are defined here.

1. tomputational flow time - the total elapsed vworkiny

time from the start to the end of the computational
process. This computaticonal process begins with the
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user collecting data already within the labrary and
making minor revisions or updates. The wuser then
commits the job into execution. If the Jjob is small,
he will remain at the terminal. If the job is long,
he Wwill enter +the Jjob into a batch execution nmode.
After execution is ccmplete, the user will do sonme
cursory examination +to determine 1f the resultis are
essentirally complete and correct. Thas marks the end
of the computational flow tinme.

2. Execution time - actual exccution of the host CPU,
measured relative to 3rd dgeneration eguipment for this
document.

3. Design cycle time - the total clapsed working time
from the beginniny to the end of a single examination
of a given design. The calculations made during +this
tipe will analyze, Tecycle and suggest redesign for
the input design.

4, Converged design cycle time - the total time trom the
beginning of the first design cycle until the end of
a design cycle that has develeoped a design which neets
the objectives and ‘constraints.

Level IT is the first of the Preliminary Design Levels. It
has the goal of determining the design criteria that will result
in the product with the highest sales potential. There will be
some limited design and analysis calculations performed in
support of the search for the best design crateraia, but the
computational flowtime for a Level II solution would be small.
Typically, a Level II computational flow time wWould be about two
days and require approzimately 30 minutes execution time. In
this level, compuational flow time and design cycle time are
synonymous. The representations of tne pertinent techrologies
would be 1n very simplified forms.

Level III has the goal o¢f =si1zing the desigrn +to the
marketing criteria established in Level II. It also will resize
a design that has been found to be deficient in a hagher level.
Therefore, this level must use more rigorous apalysis tools and
a more complete design representation. This level may still be
cxecuted without user intervention, with a computational flow
time on the order of two and one half weeks to one month, havaing
execution times of approximately 1 to 20 hours. In this 1level,
computational fiow time and design cycle +time are also
SYynonymous.

Level IV has the goal of refining the design by applying
more powerful analysis capabilaties in previously represented
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technologies, and by 1introducing new technologies into the
analysis. This 1s to reduce risk within a short time pericd by
doing a thorough analysis of the major areas of the design. it
is 1likely that the first several 2gxanminations of a design sized
in Level ITI will reveal deficiencies and thus require resizing.
The computer executions 1u Level IV will be done with user
anteraction, with design cycle times of one to tvwo months, and
with exXecution times of approximately 25 +to 60 hours. This
level will have a converged design cycle time of two to four
months.

Level V has the goal of verifying the design so that a
decision about product go—-ahead can pe made with minimuer risk.
This verification is achieved by the wmost rigorous analysas
avallable in +the various <tecnnologyles, and by perforsing
selected tests to provide specitic data to supplant gereraiized
information obtained from the data base. The design cycle times
for this level would be 1 and 1/2 to 3 mopnpths with exscntacn
times of approximately 40 to 200 hours. The converged design
cycle time would be 3 to 6 months.

Following Level V, tne design 1s reviewed and tho
commitment to production is coansidered. L1f the production go-
ahead 1s granted, the activity proceeds to Level ¥I., 1If the
design is not suitable, then management provides directionh to
rerurn the design to Level III for siziuy a rew desigr concept,
or to Level IT to establish new or revised marketing criteria
that will generate an entirely new group of designs.

Once the design has been coammitteu to Lewel VI, the
activity enters tone third section 1n the IPAD design process.
The four levels in this section are detail design, manufacturc,
verification and 1n-service support cor the product. These
levels are collectaively referred to as the Product lLevels and
are parallel activities whica continue as reguirced for the 1life
of the product. Within each product level, sequential
activitios will occur and the control will be similar to tho
preliminary design levels,

Level VI, Product Detail Desigh 1s the level ir which the
detailed parts for the product will be designed. This wi1ll
rLeguire much analysis activity, 1nteractive parts desigr, and
thorough testiny of components and details unique to this
product. The IPAD ernvironment will enhance the detail design
process by providing automated support or the data base, aiding
1in  the interface between design and manufacturaing, ccerdinating
the various analysis results, and providing management
information about the progress in +the detail part desagn
actaivaities.
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Level VII is assigned to Product Manufacture. The making
of +the product will be done from information conveyed from the
IPAD System to manufacturing. Huch of this interface is
expected to be with the Computer Aided Manufacturing (CAH)
Systems. Manufacturing problems reqguiring design modifications
will be related to Level VI for redesign.

Level VIII performs the Product Verification. As soon as
components, and then the completed product are available fron
manufacturing, testing will begin to verify the product. The
IPAD system will support the documentation of results +through
its data base capabilities, and will convey information to Level
¥I in cases where redesign is necessary.

Level 1IX provides Product Support once the product is in
service. Problems arising from use in service will be referred
to Level VI for solution. The data base facilities of IPAD will
alde in collecting in-service part histories, which will be used
to improve the data base used in the preliminary design levels.

Figure 4.1 shows the four levels in the Product Level group
to be in parallel. However, the direction of the arrows on the
flow paths are significant. They 1indicate that Level VI
provides design 'information to Level VII, VIII and IX and these
levels return information to Level VI. Thus, Levels V1I, VIII
and IX do not communicate directly, but through 1level VI,
because the information to be relayed will concern the detail
design. As long as the product is in service, there will be a
need for some sustaining activity in each of the fouor levels of
the Product Levels group. The data base established, maintained
and gqualified by the IPAD system will be of great utility 1in
supporting the product ovar a long time period.

The nine levels of activity relating the product to the
IPAD environment are of a general nature, and it appears they
can be applied to a wide range of products, such as trucks,
ships, airplanes, etc. However, The more conmnplex products will
yield the information required to develop the IPAD system and to
select host hardware. Also, the design apd manufacture of
complex products should have greater benefits from the TIPAD
environment. Two product classes have bLeen chosen for
examination in this feasibility study. They are a subsonic
commercial transport and a supersonic commercial transport. In
addition, a brief examination was made of a mnaval hydrofoil.
These projects will be discussed 1in further detail in the
following sections.

For the airplane studies, the technical design and analysis

functions of Level II and III match the design (configuration)
size to the mission and design requirements. These levels treat
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the configuration as a unit and the propd%ggﬁﬁﬂ%ég%%ggggdeals
only with development of engine thrust requirements and cycle
matching or matching the configuration to a specific engine.
Both cases require a pre-selected propulsion design ccncept
which dincludes number and location of the engines. Level IV
refines the sized configuration by developingy a more complete
definition ot structure and non-structure items and by providing
yreater confidence thru 1increased analysis. This level also
treats the configquration as a4 unit, however, a parallel
propulsion study is conducted to wmonitor the propulsion
installation and performance reguirenents. This study
determines the feasibility of meeting the propulsion
requirements with an existing engyine or by a proposed new engine
and that the maczlle integration is valid.

The configquration development is finalized in Level V and
the product detail design is finalized 1n Level VI. The detail
in both levels V and VI reguire that +the design and analysis
activities be divided by major components and systems thus,
providing management control and responsibilities for the design
activities. Therefore, design groups consistiny of the wing,
body, empennage, propulsion, landing gear, payloads, systeans,
etc., are established and each group is supported with the
appropriate analysis activities.

It 4is emphasized again that the design networks prescoted
in Sections 4.2 and 4.3 are examples only, they are nrot rigid
hands-off automated networks. However, the capability for near
automated confiyuration sizing is ap IPAD implementation goal.
This reguires developiment of default data for variables which do
not Toutinely change and can he established for a class of
problem. Tt is further smphasized that all default values must
be identified on command and that the capability to alter then
must be provided. Using suitable default values will provide
the basis for near automated configuration sizing at Levels IT
and III and would extend the configuration designers capability
to search for Dbenefits from designs which may depart fronm
tradition and thereby provide 1insight for innovation. The
design and analysis activities in Levels IV, V and VI require
active support of specialists from all the involved disciplines.

There is a large degree of similarity between the network
descriptions of Project 1 and Project 2. For the sake of
completeness, each description 1is presented in total. The
reader is advised that there will be much Lepetition between the
two hetwork parratives.

It will also be noticed that optimization is not mentioned

in these network narratives. Optimization is considered
separately in Section 5, because it 1s applied with discretion
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to selected parts of the design network, as the circumstances
require. The discussion in Section 5 will relate the most
effective use of the various types of optimization to each part
of the design process.

4.2 PROJECT 1 - SUBSONIC COMMERCIAL TRANSPORT

4.2.1 Project Defirnition

At the start of the feasibility study contract, a specific
set of specifications was established for a particular airplane
in the category of intermediate Tange subsonic commercial
transport. As the design networks =svolved, the procedures and
techrical +tasks placed into the npetvwork were found to be as
applicable to the general category. <Conseguently, the project
defined as Project 1 is constrained only to be a typical, high
subsonic speed, moderate aspect ratio wing commercial transport,
with two to four engines located in couventional arrangemants.
This does not mean to imply that the Project 1 network will not
support the design and analysis of unusual configurations, only
that the computing times developed will be for typical
geometries.

4.2.2 Desigp Networks

The general Product Level concept of figure 4.1 applies to
this Project. However, the titles of Levels III, IV and V are
referred to as configuration sizing, configuration refinement
and configquration verification. The followlng table represents
the time objectives for the preliminaiy design levels:

Level 1l design _cycle converged _design cycle
II 2 days ¥
iIf ' 2 and 1/2 uceks *
Iv 1 month 2 months
v 1 and 1/2 wmonths 3 months
* One design cycle provides a converged design at levels II
and IIXI. A management decision is required to continue

until a converged design is obtained at levels IV and V.
This provides management control of the costs for computing
and development testing ({(see sectiomr 8.1}).
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4.2.2.1 Project 1 Subsonic Commercial Transport Detailed
Design Networks for the Product Lavels

Figure 4.2 presents the detaiied design networks for
Project 1. The following information is pertinent to the
networks:

Network blocks

activity or event

coamputer decision

computer or man decision

man (or men) decision

¥eights nomenclature

Type A - statistical group weights
Type B - analytical primary structure weights,

statistical weights for rest of
airplane except for known components
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Type C - analytical prirmary and secondary

: structural weights, statistical weights
for rest of airplane except for known
colkponents

Type D analytical weights (primary structure,
secondary structure and all other

items) except for knowa components.

Type E all weights are determined by individual

part.

OE¥W - Operating empty welght. This designates
the weight of the airplane including
all weight except paylecad and usable fuel.

Equaticons_of #Motion

The equations of motion are a large grcup of Technical
Program BElements which have been identified as a procedure in a
separate network. They were grouped as a procedure because they
are repeated many times throughout the design networks. The
equations of motion network is shown on page 50.

Narrative Descriptions

A narrative describing the design and apalysis activities
is presented im section 4.2.3 (page 51 }. Each network
narrative is identified by a reference network block number.
References to Elements contained in Volume V, the catalog of
Technical Program Elements, are made throughout the narrative.
An example would be ARO-1. This is an Aerodynamics Technical
Program Element for Subsonic Wing-Body Design and Analysis. It
is an existing computer program which has been identified as a
candidate for IPAD.
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LEVEL Il — DESIGN MISSION SELECTION
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LEVEL 111 —- CONFIGURATION SIZING
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LEVEL Il {Continued)
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LEVEL Il (Continued)
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LEVEL IV — CONFIGURATION REFINEMENT
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Figure 4.2 Design Networks - Project | (Continued)
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LEVEL IV (Continued)
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LEVEL IV {Continued)
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LEVEL IV {Continued)
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Iv—52
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LEVEL IV (Continued)
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LEVEL V — CONFIGURATION VERIFICATION
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LEVEL V (Continued)
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LEVEL VI — PRODUCT DETAIL DESIGN
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OF POOR QUALITH

4.2.3 Networx Activities Description

4.2.3.1 Level T - Containuing Research s

The purpose of this Level is to monitor continuning research
and to assimilate those results that will be important to . the
designer in the IPAD environment.

Block I-1l. Long Term Goals Established By Management--
Researcn in the technical areas of the IPAD environment will
cohtinue 1n the parsuit of long-term goals. 1hese goals will be
set by management, and will not be required by specific IPAD
activities. However, the analysis capabllities of IPAD Levels
IT to VI may be used to indicate the more profitable areas in
which research funds could be spent. .

Block _I-2. Reszarch; Design__ Concepts, Technology--This
block represents the research beilng conducted +to suppeort the
advancemert of the state of the design and analysis arts.
Design concepts refer to research conducted +to develop detail
application capabilaity such as use of composite materials,
manwfacturing processes, jet nolse suppression, vartable by-pass
ratio engines, etc. Technology refers to the genaral
development of informaticon and processes witkin specific
disciplipes such 4as asrodynamic characteristics of pressure
distribution over airfoil shapes, potential flow analysis or
materials development such as characteristics of compesite
materials. The users ©0f the IPAD system will monitor thess
activities to eater new technical frogram elesents dinto the
lzbrary and to improve the tochnology data bases.

4.2.3.2 Level IT - Design Hission Selection

The goal of Level II 1s to select the design mission and
criteria for the subsequent design. Some very briet analysis
and design logic will be required to support the selection of
these criteria,.

Block II-l. Develop lLevel II Ipputs--The data stream for
thls project begins with Level II. The 1nitial anputs will be
derived from two sources., The user-will provide specific inputs
such as the problem constraints, performance reguirements and
technology time period. The last item will point to groups of
data 1n the data base reguired to support the various
technologieas., Level II 1is aintended to be executed without
interruptaion, therefore, all the 1nputs regquired for Level II
should be given at the beyinning.
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Block_ II-2. Define Open Market, Determainc Market
Enpvironment~-Goal: To 1dentify the open market for a new
airplane and to determine market environment discaiplines for the

new airplane engineering design.

2 mathematical mod=l (HKT-1) calculates airline fleet
requirements based on airline traffic forecasts and airplane
inventory. An optimum new airplane is determained for this
market. The airplane route system is also identified and its
market environment disciplines are determined by processing the
market factors such as competitive market shares, growth, wind
tenperature and airfields, etc. (MRT-2}.

Block IXI-3. Propose Design Mission, Assess Market ——Goal:
To amnalyze market requirements and determine design mission
requirements that need to be met for the market enviroanment
disciplines determined in Block II-2.

The market potential of a nev airplame is evaluated (MKT-
3).

Block TI-4. Design ¥issign OK?-—-Goal: To detetwmine 2r2f the
desi1gn mission meets the market environment disciaplines.

This decision is wmanual and human judgment may be exercised
10 interpreting the disciplines.

Review and recycle if desired.

Block Ii-5. Configure Airframe and/or Engine Family
(Parapetric), _Compute Performance & Design Trade Data--Goal:
To configure an airframe and/or engine family and compute the
performance characteristics of +the fawily. This will provide
design trade data for the family.

The elements comprising this activity are to be executed
with a minimum of input, as the intent is to provide data for
the selection of the design mission, rather than +to determine
the best configuration. The inputs w#will be composed primarily,
of range, payload, Hach number, technology base (time period),
a grid of +thrust 1loading (T/¥) and ving loading (¥/S) and an
initial OEW (WIS-1). The DCA-2 geometry module will +urnm each
airplane in the grid ainto a parametric geometry. The
performance will be calculated using a simnplified process (PRF-
l}. Support for this calculation will be provided by the cruise
drag module (ARO-7), the low speed 1liit and drag module {ARO-8),
the +thrust modules ({PRO-3, 4, 5 or 6) and a group weights and
balance module ({WIS5-2).
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The weight and balance module will contaan the following
analyses:

1. Statistical OEW prediction methods which produce a 30-
item group weight statement,

2.4 Statistical OE¥ balance arm prediction methods which
produce a 30-1tem horizontal center of gravity
statenent,

3. Fuel volume and fuel maragenent calculation,

4. Passenqer, carge, and fuel loading calculations,

5. 3—-axis wass moment of inertia about the airplane c.g.
calculation,

6. Airplane balance and loadability calculations.

The base statistical eguations arc of a form such that each
group weight item 1s predicted as a function of a set of
independent parameters. ~

The process of finding the correct size of the geometry
and/or engine is iterative (see figure #.3). The 1iteration 1is
perforned for eaca geometry of the T/W vs ¥/5 grad. The result
will be a field (a “Ythambprint") of airplanes that will all do
the mnission. The trade information will allow valid selecticn
of the hest dasign mission, that is, the mission with the best
sales ©potential for the class of arrplane under consideratios.

The design trade data will alsoe consist of comparatava
evaluations of operational and support costs for competing
configurations. Thess trades will be done by REL-1, -4, -14 and
-4) for alternate engine and system concepts and by REL-1 and -4
for support reyguirements and operational facilities at the
airports in the intended routes.

Block II-6. Airplane Economics__Analysig—-Goal: To
evaluate the operating economics of an airplane.

dirplane relative cost valwnes ars determined (FNC-2).
Airplance -economics are evaluated 1in terms of trip operating
cost, ROI, break—even load factor, etc. (MEKT-4). For a 4given
airplane routs system, the operating profitability of the
airplane is evaluated (MKT-5). As an aiae an design refinement
sconopic sensitivity and design trade evaluation can pe an
option is MKT-4.
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In addition, the total airplane performance will be
assessed 1n terms of relijability and maintainabality ain regards
to airplare availability, support costs {personnel and
material), and airport operational considerations. Thas
assessment will be done by the maintenance, operation and
support simulation models of REL-1 and -4.

Block II-7. Forecast Sales Potential—-—Goal: To forecast
the sales potential of a new ajirplane.

Requirenments of the new airplane are calculated by airlaine
and year to determin= total sales potential of the new airplane
{MKT-6) .

Block II-8. _Suitable_Sales Potential--Goal: To assess 1f
the sales potential is enocuygn for the related development cost.

Man decision based om a review of the sales potential for
each candidate configuration under investigation.

4.2.3.3 Level III - Configuration Sizing

The g¢goal of Levael IIT is to size candicate configurations
to the design mission and criteria. The sizing logic should be
constructed to be executed with wminimal user intervention.

The Level III network has been divided into two parts,
l.e., "qeometry sizing" and “structure sizing." The GeOR2tIy
sizing part 1is an iterative process controlled by an eqguaticen
solvang module (DCA-4) which draives +the configuration desaign
variables such as wing area, root chord, tip chord, =tc., until
a prescribed set of equality and inequality constraints such as
range, field 1length, etc., are satisfied. The apalysis to
support geometry sizing 1s based on statistical data and no user
intervention is envisioned when a configuration designer
develops the rnput, The structure sizing part provides
definition of the primary structuie which is sized by analysis.
This analysis aincludes static loads with statistical factors for
dynamic loads, smeared material which 1s stress sized for
strength and fatigue, weights and an optional flutter analysis.
The basis for the weight estimate of secordary structure and
nonstructure i1tems remains statistical. The 1terative looping
for structure sizing 13 man controlled and the configuratien
designer may consult with specialists from the following
disciplines: structure design, static loads, dynapmic loads,
stress, flutter and weights.

Block III-l, _Develop Level IIJT Inputs——The development of
inputs for Level III will be similar to Level I for the
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categories of user and data base information. However, 1n many
cases a Level II[ execution will begin from a Level II solution.
In these instances, the preparation of information required by
Level III from Level II results is to be done by automatic
processes. Tnese default calculations will be approved and
corrected by the user prior to executlon of Level III.

It will be desirable, but not necessary, to execute Level
III without interruption, so that the input intormation for the
entire execution snould be available at the beginning. The user
may monitor the solution, especially in cases where optimization
1s peing done, to interrupt, correct, then restart a solution.

Block III-2. Calculate Geometry-—-Goal: To define and
control the airplane geometry including planforms, arrangements,
propulsion and the location of major equipment items.

Ar airplane geometry consisting of the body, wing,
empennage, power plants, and landing gear 1is integrated into a
lotted general arrangement (DCA-1, DGL-1 and PRO-1 or PRO-2).
The 1initial sizes are 1input and may represent ap existaing
airplane, a wmodification of an existing aiiplane or the
designer's judgment for a new airplane. This module will accept
input from subseguent analysis modules and will resize the wing,
engines, empennage and control surfaces andsor will relocate the
wing and landing gear to meet the mission requirements and
criteria for percformance, weights, balance, loadability,
stability and control.

The bpody 1s characrerized by the fineness ratio, planview,
hulfbreadth, camber linc, crown line, keel line and floor lirne.
The design 1s related to the reguirements for the control cabin,
payload ({(passenyer, baggage and cargo) type of empennage and
propulsion arraagement,. The payload requirenents include
criteria for comnfort, seating arrahngements, aisles, access to
emergency exits, lavatories, galleys, cargo compartments, cargo
containers, doors, clearances for loading and eaergency
gvacuation, windows and structure.

The wing is characterized by parameters such as aspect
ratio, taper ratio, sweep angle, thickness form, twist, and
camber form. Flight and ground centrol surfaces are 1dentified
by type and by percent of chord and span. Spars and the main
gear support structure are located to provide space for control
surfaces and actuators. Spar depths and wing fuel volumes are
determined.

rhe empennage 1S characterized by the location and type of

norizontal stabilizer (body mouirted or mounted on the vertical
fin) and by parameters similar to the wing.
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The power plants are characteraized bpy an engine cycle
{(rubber engine) and a nacelle geometry or by input of a speciftic
engine and nacelle. The engines may be located symmetrically on
the wing and body or on the body centerline. The rubber engines
are sized for takeoff or cruise thrust.

The 1landing gear arrangements are characterized by kind
{bicycle or tricycle}, type {dual or truck), and number of main
gear (two, three or four). The gear 1is located and sized to
meet criteria for strength, flotation, ground handling, takecoff
rotation, pitch amd roll.

The controls are characterized by primary *light
{(longitudinal, lateral and directional), secondary fiight (laift
and drag) and grouad {drag and directional). The praimary tlight
control surfaces are sized and located to meet stability and
control criteria. The secondary flight and gronnd control
surfaces are sized and located to integrate with the flight
control suorfaces and landing gear structure and to meet
requirements for field length performance.

Major items such as fuel tapks, electronics, environmental
control units and the auxiliary power comntrol unit are located
to reserve space and to provide weight and balance information.
(DCA-3, STE-1, —-23, ~-24, -25).

Block ITT-3. _Calculate Cruise Performance--Goal: The goal
15 to calculate the cruise part of a wmission in order to
determine fuel burned, block time and flight profile.

The cruise part of the mission consists of the acceleration
and climb to the cruise altitude and speed, the crunise, the
descent for landing, anmd the diversicon to an altermate, all done
by PRF-2. Simplifaied egquations of motion are integrated, and
give results that are accurate to within 41% of the actual
results. The cruise drag 1s provided by module ARO-7. Thrust
and fuel censumption information 1s fprovided either by table
lookup (PRO-5) or by thermodynamic cycle matching (PKU-3 or PRO-
4y, together with the engine installation module (PEO-6). TIn
general, tne cycle matching technique will be wused, as 1t is
more flexible and c¢an provide practically any thermodynamic
parapeters pertaining to the engine.

The output of this event will be fuel burned, flight tinmes
and mission profile.

Block__IIXI-i. Type _B _Heights Available?--Goal: I{ the
Level III analysis has been executed to the point where type B
weights have been calculated (Block III-17 or an Level 1IV),
rather than re-executing a statistical type A weights analysas
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because of a slight change 21n the configuration, 1t would be
more accurate to scale the group weigants as determined 1in the
type B weights analysis. This would be done in Block III-7.

Block ITI-5. Calculate Height and Balance — Type A——Goal:
To provide the necessary output, consistent with the amount of
information known at this level, +to determine it the
configuration ander consideration is accertable from the
standpoints of weight, balance and loadability.

The Technical Program Element (WTS-2) which provides this
information contains the following analysis:

1. S5tatistical OEW weight prediction methods whach
produce a 30 i1tem group weight statement (base buildup
options),

2. Statistical OEW balance arm prediction metheds which
produce a 30 item horizontal center of gravity ({(cg)
statement,

3. Fuel volume and management calculations,

4. Passenger, cargo, and fuel licading calculations,

5. 3-axis mass moment of inertia about +he airplane cg
calculations,

6. Airplane balance and loadability calculations

(deteramined 1n conjuuction with +the stability and
control Block III-6),

The base burldup statistical eguations are of a form such
that each group weilght iten is predicted as a functior of a set
of independent parameters. This type or eguation is not suited
for scaling.

Block IiI-6. Stapility and Control Apnalysis--Goal: The
horizontal and vertical tail surfaces are sized and located on
the airplane 1in conjunction with a practical <¢g location and
range. The main landing gear location and size 15 selected.
Lateral control surfaces are sized and located on the wing.

An option allows aft balanced configurations to be studaied,
for expected performance benefits, using a handling gualities
longitudinal SAS.

The stability, control and balance module (S6C-1) uses

Boeing experience in subsonic airplane dasign to formulate (and
to design) certain critical requirements fer longitudinal
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stability, longitudinal control, directaional stability and
directional control. Lateral controls are selected usaing Boeing
experience on swept wing airplanes.

An option is provided by S&6C-2 which uses statistical data
to provide an increment of maneuver margin which wi1ll be
provided by a stability augmentation system (SAS). This option
allows a wider discretion in c¢g 1location and range.

If the S&C requirements are not met, the gecometry module
will be required to resize the empennage and/or control
surfaces. These changes are contrellea by DCA-4 and are
executed after the test in Block 1IIX-8.

Block IXITI-7. _Scale HWeight and Balance--Goal: To jprovide
the necessary output, consistent with tke amcunt of informaticn
known at this level, to determine 1f the configuration under
consideration 1s acceptable from the standpoints of weight,
balance and loadability.

.

The Technical Program Element whichk provides this output
contains the following analysis (WT5-2):

1. Stataistical OEW weight prediction rethods which
produce a 30 1tem group weight statement ({scaling
options),

2. Statistical OEW balance arm prediction methods which
produce a 30 item horizontal c¢g statemsnt,

3. Fuel volume and management calculations,

4. Passenger, cargo, and fuel loading calculations,

5. 3-axis mass moment of inertial about the airplane cg
calculations,

6. birplane balance and loadabalaty calculations

(determined in conjunctaon with the stability and
control analysas (Block III-§)).

The scaling statistical egquations are of a form such that
each group weight a1tem is predicted as a function of a base
weight and a set of parameters which are normalized to reflect
changes in the configuration.

Block _ITI-38. Loadabality/CEW__Criteria_MNet?--Goal 1l: To
compare the OEW calculated py the weights analysis Block III-5
or Block III-7 and the OE#® sized by the crulse performance
analysis (Block 4iII-3} and +to determine 21f +the differcnce
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between  the OEW's are within acceptable 1ligits. If the
difference is too great, the geometry module {(Block III-2) will
be required to resize the configuration. The reguired changes
are ccmputer controlled by DCA-G.

Goal 2: To compare the availlable forward and aft canter of
gravity limits as determined by the stabilaty and control
analysis Block III-6 and the required forward and after center
of gravity balance and loadability limits as determined by the
weights analysis (Block III-5 or III-7). If the differance
between the required and available center of gravity limits 1is
too great, the geometry module (Block I1I-2) will be required to
resize the empennage. If the OEW cg position does Lot result in
acceptable airplane balance, the geometry module {Block III-2)
w1ll be reguired to adjust the position of such items as the
wing and gear relative to the body. The requirea changes are
computer controlled by BCA-G4.

Block III-9. Calculate Low Speed Performance and
Observer_ Station Noise-—-Goal: This activity will calculate
the +takeoff and 1landing performance of a configquratioxn.
Observer station noise will be provided.

The takeoff and landing performance 1s determined by
separate Technical Program Elements. Hosever, toth are
supported by a low speed lift and drag module (ARO-8) and by
thrust and fuel flov modules that utilize either table lookups
{PRO~5) or thermodynamic cycles (PRO-3 or PRO-4). The
propulsion modules are interfaced by the engine installation
module (PRD-6).

Takeoff and climbout performance (PRF-3) are provided by
integrating simplified aguations of motion. The takeoff field
length 1s determined for the balanced field situatior, and the
largest flap setting that will meet the FA2 wminimum climb
gradient is used.

Landing performance (PRF-4) 1s also found by integrating
the equations of motion. The procedure finds the wmainimum flap
setting that will meet the FAR 25 climbout reguirements.

Observer station noise for takeoff, approach and sidelin=s
15 estimated using moduls PNZ-1.

Block III-10. Design Crateria Met?--Tne loop that iterates
to size a configuration begins at Block III-. and ends at this
block. The iteration 1s necessary to find the values for the
parameters controlling the configuration size that produces a
geometry that meets the input requirements. The order of the
activities in the loop of Level ITT will cause the size to be
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established first to do the cruise part of the mission, then the
takeoff and landing portions. The cyclirg will be computer
controlled by DCiA-4.

Block IXI-1l. cCalculate Finance, Cost, Market Suitability-
The configuration sizing of the first part of Level III will
produce performance information of greater reliability than was
available from Block II-5. Thus, the finasce and warketing
activities of Blocks II-6 ard II-7 can be repeated to obtain
better i1nsight into the product suitability. Thkis reguires the
use of FNC-1, a preliminary design cost model, and MKT-4, -5, -6
to evaluate the route system application on the market model of
the configuration under consideration. Market suitability and
the forecast of sales potential can be updated.

Block IIX-12. Defaine Structural Concepts & Structural
Arrangement--Goal: Definc the structural concepts and
materials of the airframe primary structure. Synthesize the
structural arrangement in detail adequate for preliminary gross
sizing but consistent with appropriate design criteria.

Ident1fy the nature of the pramary structure for the major
airirame components, wing, body, empennage, landing gear and
nacelles, The materials and structural concepts chosen will
influence allowable loads and deflections which are determined
11 subseguent network event blocks.

Integrate the wmajor structural elements into the airfrabe
geometry in a manner appropriate for the structural concepts,
matexrials used, wmanufacturing capabilities and other design
criteria. Spars, ribs, bulkhead, cutouts, frames, straingers,
keel beam, floor beaams, longerons and landing gear supgort
structure ar¢ located and identified. The arrangement cf these
priwary structural elements will provide for an efficient,
durable, low-cost and wmost important, safe airframe. Many
design criteria are ainvolved in this synthesis. In addition to
those already mentioned, structural cortinuity, fazxl satety,
fatigue, redundance, fuel wmanagement, fuel tank sealing and
access, manufacturing capabilities and practices, systems srace
envelopes and certification Tequirements are some other less
obvicus but i1mportant considerations.

Geometrical considerations will be based on irput fron
block III-2 {calculate geometry) and the output will provide the
necessary depth for finite element geometry used later in Block
V-1l. The ocutput of this task will also be compatible with
computerized drafting practices and requirements. This will
provide for use of these methods and this data for 1layout and
design studies at Levels IV and V and further, a first basis for
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computer drawn detail parts at Level VI (DSi-1, -2, -3, -4 and
DGL-9) .

Block _III-13. Calcnlate Xing, Body, apd Empennage
Papeling §_Weaght Distributions--Goal: To provide the
necessary information for initial structural loads and stress

analyses. The required information 1s of the following types:

1. Airplane planform and section geonmetry,
2. Airplane aerodynamic and structural panel definitions,

3. A preliminary estimate ot the structural panel
weights, center of gravities, and i1nertias.

When operating withaiun the IPAD system, items 2 and 3 will
be perforred by this activity, while atem 1 will be done by
Bilock III-2.

The program element available for the wing amalysis 1s WTS-
3 and the program element avallable for the body/empennage
analysis is WTS-4.

Block ITIXI-14. _Airplane Static Loads—--Goal: Calculation of
load distrabutions on the major airframe components tesulting
from design conditions ({static and gust formulae) and a fatigue
mission profile,

#ing loads are calculated using a theoretical pressure
distribution based on a modified Kuchemann lafting surface
theory (5L0-1l). This data may be modified +to dinclude effacts
not prodicted by theory or previous wind tunnel information.
Load distributions are based on the Weissinger L method (S5L0-2),
yielding spanwlse distributions of shear, moment and +torsion
along the 1load reference axis. These distributions includs
effects of airload, inertaa and thrust from wing mounted
engines.

Fuselage load distributions are calculated by summing a
series of idealized inertia panels (SLO-3).

Empennage loads are calculated as a function o¢f ragad
alirframe response to control or gust input and tail oft
aerocdynamnic characteristics {SL0O-3).

Flight condition data will be input by a knowledgeable
user.
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Block ITTI-15. Size Structure for Strength and Fatique--

Goal: Preliminary gross sizing of the primary structure for
static strength and fatigue (fail-safe design) to establish
characteristics.

For the structure defined 1in Block III-12 aud the loads
calculated in III-14, the primary structure is sized at selectcd
sections for static strength and fatigue. The fatigue analysas
estimates ground-air-ground (GAG) cycle stresses and GAG damage
ratios. The wing upper panel, lower panel, front spar and rear
spar are sized {skin, or web, thickness aud stiffening material)
and +the section flexural rigidity, torsional rigidity and shear
center location are calculated (STR-1). The body upper Llobe,
lower lobe, deck and side-walls are sized and the section
flexural rigidity (about a vertical and a lateral axis),
torsional rigidity and@ shear center 1location are calculated
{(STR-2). The 2mpennage structure is sized in a manner analogous
to the wing.

Haterial properties, structural componpent #liowables,
Fatigue, Reliability Pactors, GAG cycle stresses and GAG Damage
Ratios for locations on major components are obtained from +the
Data Base,

Llementary beam theory, modified by effectiveness factors
to account for sweep effects or structural discontinuities, 1is
used instead of the more costly finite element analysis.
Elementary beam theory 1s technically adequate for a major
portion of the structure. For those regions where clementary
beam theory is not technically adegquate, past experience is used
to suitably modify the theory via the effectiveness factors.

Block IiI-16. Flexibilaity _Change Saignificant--Goals: A
couputer or wman decision or the siguificance of the change in
flexibility.

Loads are calculated for a given flexibility, the resulting
strergth designed structure 1s sized and a new flexability
calculated. If the change 21n flexibilaty is such that a
significant loads change would result the loads and sizing
routines Blocks III-14 and III-15 ate repeated.

If the changc 1s not sigpificant the resulting structure 1is
werghed (Block III-17).

Block IIT-17. Calculate Weight, Balance, and Loadability -
Type B--Goal: To calculate Type B weight, balance and
loadability <£for the configuration which has been sized tfor
strength and fatique.
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To accomplish this activity involves Technical ProgJgiam
Zlements which do the following:

i. Execution of the weights update control module (WIS~
15) which would re-execute only those portions of the
weights Technical Program Elements whose 1input had
changed,

2. Calculation of wing primary structure mass eleRoLts
based on smeared stress sized material (WIS-5),

3. Calculation oif body/€mpennage primary structure mass
clements based on sStress si1zed material (wIsS-6),

4. Calculation of wing secondary structure mass cledaents
(W1s=-7),
5. Calculation of body/empeundaygye secondary structure mass

elements {(WT3-8),

b Calculation of landing gear mass oclements (WTS$-9,

7. Caleculation of nacelle and strut, rropnlsion, fixed
equipmsnt, and starndard and operational mase oclesments
{(¥§75-10),

8. Calculation of ruel mass elempents (HES-11),

9. Accunmulation of mass clements within each struoctural
pan=l and th2 calculaticn of welght, center of

gravity, and inertia ftor ecach structural panel and for
the wing, body, and empennage (Wrs5-12).

10. Generarion of a welght statement patterned after the
AN  9102-D format based on the previously calculated
mass elements (4TS-11),

11. Calculation of total airplare wmass propertiss for
various points o the balance aiagrawm and tioe
determnrnation of updated panel wmass properties tor
recycling through the structural analys<s of Blocks
ITT-14% and ITI-15 (91S-14).

The Type B weiyhls are
communication 1s shown on  frgur
Level IV.

suxrted fcr scaling, Data
» 4.4 and waill be similar in

Block IfI-18, Panel _dassy/Inertia Change Sagqnificant?--
since the loads analyses ale sensitive to panel mass propeities,
sdch time the werghtl danalyses updates the panel's mass, center
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of gravity and inertia, the effect of these changes on the loads
analyses should be examined. If the panel mass properties
changes are significant, the loads and the structural analyses
should be re-executed.

Block I1I-19. Loadability/OEN Criteria Met?--Goal 1: To
compare +the OEW calculated by the weights analysis, (Block III-
17) and the OB¥, as sized by the cruise performance analysis
(Block III-3) and to determine 1f the difierence between the
OEW's are within acceptable limits. If the difference 1s toO
great, the dgeometry module (Block III-2) will be required to
resize the configuration. The requaired changes are nan
contrclled in the structure sizing part of Level III.

Goal 2: To compare the available forward and aft center of
gravity limits, as determined by the stabality and control
analysis (Block III-6) and the required forward and aft center
of gravity balance and loadabality limits, as determired by the
weights analysis (Block III-17). 1If the difference between the
required and available center of gravity limits is too great,
the geometry module (Block III-2) will be reguired to resize the
eRpennage. If +the OEY¥ cg position does not Tesults in
acceptable airplane balance, the geometry rodule (Blocx 1III-2)
will be required to adjust the position of suck 1tems as the
wing and ygear relative to the body. The required changes are
man controlled in the structure sizing part of level IIl.

Block ITIX-20. Do Flutter _Analysis?--¥Man decision to
execute or bypass the flutter analysis.

Block _III-21. Bquations of Motion, Flutter Option—-Goal:
Pornulate the eguations of motien for flutter analysis or the
1pitial structural sized configuration.

The eqguations of MHotion for the £flutter andlysis of a
configuration with high aspect ratio wing will Le formulated as
a second order system of ordinary differential eguations with
the generalized@ mass and stififness matrices (Block EM-5) and
generalized forces matrices calculated by liftarg line theory
(SFL-12). Vibration modes calculated from Block EN-5 will be
used as generalized coordinates.

Block TIII-22. Flutter _Analysis—-Goal: Conduct flutter
evaluation of the 1pnitial structure s:ized contiqurataicn,

B simplified preliminary flutter analysis of the 1iritiail
structural sized coufiguration will be performed. The flutter
equations will be solved by eitner the +traditional v-g method
(SFL-10), or the «c¢lassaic British wethod (SFL-11), or an
automated scheme (SFL-12). Flutter results will be hand
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interpreted or monitored on an interactive display by a flutter
analyst when using programs SFL-10, SFL-1l. However, using the
program SFL-12 £lutter 7results are calculated automatically.
Flutter sensitities with respect to the placements of engines or
external stores and to the fuel dactributaons will be presented.
The purpose is to make an initial tlutter check which wilil be
used as a guide in rating competing configurations.

Block _TII-23, Calculate Noisg Footprints-—Goal: Provide
noise footprints for the aicport community.

On completion of the LlLevel TIII configuration siziryg, uoise
footprants will be calculated by the Noise Prediction dodule
(PN¥Z2-1). The footprants will provide pe2rceived mnoise level
contours =along the flight path for both takeotf and approach.
These contours predict the maxaimum perceived noise levels on the
ground.

Block III-24. Supmarize Perftormance, PFinance, Cost,

and Market Suitability--At this point, the desigr sizing of
Level IIT will have been complet~qd. It will bLe usaful +to
collect the _ most roecent technical informatiorn about the
configuration and summarize +the perrormance and cost. Trom
there, the market suitability will be investigated. The
performance sumpary will be dcne by PRF-5, finance and cost
consideration by F¥C-1, and the market suitability by HKT-u4, -5,
~f.

The utilization, maintenance and dispatch reliabalaity wall
be assessed. Probable route structures, aircraft fleets,
airport facilities, operational dnd environmertal factors are
used by REL-1 and -4. Additiopnal 1nputs to these are . ground
service aguipment and airplane anteractions az well as
marntenance time data produced by RSL-6 to -13 and =15 +to =40,
Also 1ncluded is a determination of the capability tc change an
engine witnin, a time dinterval compatible .with the planned
utilization. This 15 a marnual review,

Block __TIII-25. Configuration Acceptalble-—Goal: Man
decasion based on a review of the eftects of the primary
structure definition on the performance, noise levels, cost and
market sultability of the final airplana configuration analyzed
in Level IIT. Blocks IIT-23 and III-24 proviae data for this

review.

Block IIT-2b. Modify Configuration or Mission—--There are
tWwo options from a negative result in Block III-25. Tre
designer may elect to retaein the design mission and criteria and
return to the beginning of Level 11T to resize, usinrg Gduafferent
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sizing rules or the designer may return the design sequence to
Level IX to evaluate the effects of an alternate design mission.

4.2.3.4 Level IV - configuration kKefinement

The goal of Level IV 1is to refine a configuration by
applying ROre advanced analysis wmethods +to +the design.
Competing configurations may be evaluated based on Level ITI and
Level III data provided that sufficient configuration similarity
exi1sts to 1nsuare that consistent analysis techniques have keen
used. Therefore, only the best configuration of each type will
be selected for confiquration refinement in Level IV,

Block _IV-1. Develop _Level IV _Inputs—-—-The desigrn and
analysis activities of Level IIT have enriched +the data base
about the coniigaration. These new data, as well as criteraia
and comstraints from Level II, will be put into forms suitable
for the Level IV analysis methods. This action will be
supported pramarily by the data base manager. Addaticnally,
user dinputs and information from the data base not previously
required will be establishead. This activity is shown
symbolically at the head of Level IV, but due to the interactive
nature of Level IV, the data preparation activity may be done
sSelectively throughout Level IV.

Block IV-2._  Wing Preliminary Aerodynamic Pesign -
Parametric Definition--Goal: To determipe if the parametric
distributionrs of wing thickness camber, twist and shear can be
successfully developed 1into a valid wing for subsequent wind
tunnel testing.

IThe geometry design of Level III dome by modules DCaA-1,
DGL~1 and PRO-1 in Block III-2 will specify parametrically a
wing thickness, camber, +twist and shear distrabution. The
activity 1in this block is to determine if the wing so generated
is sufficiently close to an aerodynauwically suitable definition.
If not, +theu the degree of wodification cequired will be
investigated, to see if the results of Level TII are
invalidated.

The investigation of the parametric wing uses the geometry
module DGL-1 to turn +the parameters into wing contours. The
designsanalysis is driven by module ARO-2, +which uses wodule
ARO-1 to provide wing and body fressures. The design/analysis
proceeds only far enough to determine the suitapility of the
wing. The wind tunnel model desigh will be completed later.

Block 1V-3. Geometry Change?-—Goal: To aecide whethelr or
not to modify the Level IIT wing defaimition.
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The design/analysis of Block IV-2 will determine if the
ding from Level I¥I can be developed with only minor
modifications into a wing that will lakely produce the desired
performance in a wind tunnel test. If the upper isobar pattern
and span load design objectives can be met with minor camber or
twist changes, then the wing will be acceptable, and the network
flow will procede to Block IV-4. If, however, major camber and
twist or thickness modifications are suggested, then the design
process must return to the start of Level IIT to 1ncorporate
these modifications into the design.

Block IV-4. Stability and Control Analysis--Goal: The
preliminary desaign sizing of the airplare conducted in Level III
is analysed in detail to decide what changes are required (if
any} to the tail surfaces and control surfaces to peet specific
design requirements and provide good flying qualities. Analysis
of the confiquration provides data whereby a compuaterized pilot
model, in conjunction witn a handling qualities estimator, will
output pilot rating numbers for specific disturbancés or
mancuvers. In addition to the sipulation certain checks are
made to establish that airplane control capability 1is adequate
to meet specific requirements - particularly critical £for low
speed performance such as landing flare, ninimum control speed,
roll response.

Analysis of the airplane control and dynamic stability
characteristics is achieved wusing Technical Program Elements
sgc-3, -4, -5, -12, -13, -14, and -17 to calculate aerodynamic
parameters. These programs analyze the airplane configuration
using estimated aerodynamic data or wind tunnel data, if
available, and provide the longitudinal lateral and directional
static and dynamic derivatives, including control surface
effects, necessary for dynamic analysis and sisulation.
Standard textbock and data sheet methods are used to compute
aerodynamic derivatives which are factored where appropriate by
aeroelastic correction factors obtained initially from Level IIX
analysis (Blocks III-14, III-15) and finally <from Level IV
analysis (Blocks 1IV-45, IV-46) (when additicnal passes through
Level IV occur).

An assessment of the airplane dynamic stability and control
characteristics 1is achieved by S&C-6 whach uses small
disturbance theory to provide response characteristics,
frequencies, periods, times to damp, etc.

A computerized pilot model, in conjuncticon with a handling
qualities evaluator (S&C-18) is used ain addition to the dynamic
characteristics program (S&C-6) to provide 1informationm on the
airplane flying gqualities by outputting pilot rating numbers
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{based on the Cooper scale) for specific dasturbances and
maneuvers.

Additional techmnical progranr elements (Sg&c-7, S&C-8, S&C-9,
S&C-10, S&C-11) perform specific control effectiveness checks to
meet the following requirements:

1. Takeoff rotation

Z. Landing flare Adequate control to
neet low speed

3. Minimum control speed, ground performance

4. Minimum control speed, air

5. Roll response criteria - ———————— A1l speeds

Block _IV-5. _Update Weights - Type B--Goal: To update the
weights based on minor changes to the configuration in order to
achieve acceptable stability and control. These changes are of
a minor nature in that they do not result in a geometry change
which would affect the entire design, but instead they would
primarily affect the weight. An example might be to change from
a single hinged rudder to a double hinged rudder.

To account for these changes, the following weights
Technical Program Elements would be used:

1. For purposes of increasing the accuracy_and decreasing
the computational time required to perform the weights
analysis, it would ke desirable to develcop a weights
Technical Program Element (WTS-15) which would re-
execute only those portions of the weights programs
whose i1nput had changed,

2. Update of the wing secondary structure pass elements
(NTS-7),

3. Update of the body/empennage secondary Structure =mass
elements (WT5-8),

i, Update of the fixed equipment mass elements (XT5-10),

5e Generation of a weight statement patterned after the
AN 9102-D format based on the previously calculated
mass elements (WTS-13)

Block IV-6. Geometry Change-—-Goal: Determine if changes
in tail surfaces or flight control surfaces are required.
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This decision is manual and human judgment will be
required. If the stability and control characteristics (IV-7)
clearly show a stability deficiency or a control effectiveness
wvell below the requirement then a geometry change decision is
clearly indicated and a return is made to Level III. However,
control surface effectiveness increases causing only spall
changes to the coanfiguration can be accommodated with an update
in weights (Block IV-5) and recycle through the stability and
contrel analysis (Block IV-4).

Block Iv-7. Stability and Control Acceptable--Goal:
petermine 1f the stability and control requirements have been
satisfied.

This decision is manual and human Jjudgment will be
exercised 1n the interpretation of the criteria and whether the
need to recycle the event is required.

Block IV-8. Start ¥ind Tunnel Model?-—-Goal: Decision to
be made about starting the design of a cruise shape wind +tunnel
model for testing in Level V.

This 1is a man decision influenced by confidence gaiued 1n
the aerodynamic and stability and control design analyses
performed in Blocks IV-2 and IV-u. #ind tunnel model
construction requires up to 3 months design lead taime, hence, an
intelligent decision can shorten the tame to develop a
configuration design in Level V. This decision is considered
each time this point in the network is passed.

Block IV-9.° Size Actuators—-—Goal: The preliminary sizing
of all control system actuators is made to imprecve the airplane
veight estimates and assist in hydraulic power requirements and
system definition, flutter considerations, and physical space
requirements definition. The design functions of reliabilaty
and redundancy analyses, flight control system syrnthesis anc
analysis, and actuator sizing occur in preliminary detail in
Level IV so that system definition and subsequent aarplane
refinements will not cause tramnsients in Level V. The absenca
of wind tunnel hinge moment data and aeroelastic correction data
is the reason the actuator sizing is preliminary.

Rigid control surface hinge moment coefficirents for all
flight control surfaces are established by preliminary analyses
using theoretical estimates or historical data. Techrical
Program Flements (5&C-15, 16) using estimated aeroelastic
corrections based on historical data for subsonic transport
airplanes compute the actuator requirements. 1In addaition, the
actuator sizing 1is dependent on the (FC5-17) program used tor
defining redundancy and reliabilaty. Control surface actuator
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rate requirements are specified from past experience gained on
similar aircraft.

Block IV-10. Reljability and Redundancy Analysis--
Goal {1): To establish the reliability and redundancy 'of the

aircraft and its systems.

The flight control systen is examined by FCS-17.
Previously assumed levels of redundancy are conpared with
selected criteria to assure that selected control systems and
supporting systens are adequate.

Goal {2): To astablish safety requirements and
allocations.

Ground and flight safety must be coansidered in design and
evaluation. Inflight safety is a function of +the wman/machine
performing in the overall operational environment. Requircments
and allocations for inflight safety are developed from
historical data and the projected design mission profile.

Ground safety is affected by the aerospace vehicle 1itself
and its operation and interface with ground operations
equipment, personnel and facilities. safety allocations and
requirements evolve from consideration of these factors, and
historical safety problems in relation to the projected ground
operations. ,

Development of safety design requirements and allocatioas
is a manual function.

Goal (3): To establish vrTeliability and maintainability
requirements and allocations.

Both inflight and dispatch reliability must be considered
1n design evaluation. Inflight reliability is mairnly a function
of inherent reliability of the airplane equipment. Requirements
and allocations for ainflight reliaability are developed from
historical data and the projected design mission profile.

Dispatch reliability is affected by avallable ground time,
capability to defer and perform maintenance required to dispatch
in the time available, as well as the 1inherent reliability of
the aerospace system equipment. Both relijabilaity and
maintainability regquirements and allocations evolve from
consideration of these factors and history in relation to the
projected design mission profile,
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Development of reliabilaity and maintainability desagn
requirements and allocations 1s a manual function, supported by
REL-6 to -13, REL-15 to ~40 and REL-42.

Goal (#4): To evaluate failure pode effects and determine
neaded corrective action. This analysis focuses on reliability,
maintainability aend safety problems and serves as a starting
point for guantitative system reliability and safety analyses.

The effect of failure of all identified functions and
components is determined within the system for each failure
mode. Means of recognizing the failure and compenrsatory
provisions and procedures are identified. Order of Gprobability
of occurrence of the event 1s assessed.

Performance of the failure mode effect analysis is manual.
Output 1s a tabulation by function or component of tactors
associated witas its faillure modes.

Goal (5): To i1dentify fault hazards associrated with
operation of the system and thelir safeguards.

A fault hazard analysis is a tabulation of all hazards
i1dentified with operation of the system through each phase of
gperation. Function, component, operator tailures and
combinations of failures causing the hazard are identified.
Order of probability £for each combination is assessed.
Compensatory provisions and/or procedures are identified.

Performance of the fault hazard analysis is manual. Output
1s a ttabulation by hazard of factors assoclated with 1its
occurrence. The analysis is supported by REL-6 to -13, REL-15
to -40 and REL-42.

Goal (b): To assess relative merits cof thke flight corntrcl
systes design trade studies and to assess +the overall systen
from the standpoint of safety and reliability.

Flight safety and redundancy studies of the flight contrel
system 1r all flight phases and design conditions are studiea.
Fault tree (RBL-5) analysis 1s used for overall airplane tlight
safety assessnent of the contrcl system. )

Redundancy studies within tne +€f1light control sub-systems
are performed with the COBEA (REL-3), the AEMM (REL-2) and
CTS{REL-14 and 4]1) programs.

Block _I¥V-1ll. Tntered at M?--This i1s a computer decision.
In a pass through of Level IV the flight control system is
analyzed with rigid body modes plus guasi-static aeroelastac
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corrections in IV-12 and with elastic body modes in IV-53. The
analysis mode in IV-53 decides that further passes through IV-12
are unnecessary.

Block IV-12. Flight Control System_Synthesis and Analysis
--Goal: Flight control system gains and compensation filters
are selected. The flight control system design is necessary to
provide required airplane handling qualities. Components of the
flight control system are sized for weight comsiderations.

Optimal control theory (FCS-3, FCS-6, and PCS-7) is used to
automate the parameter sizing process for each flight condition.
The generalized imverse +technique {FCS-4 or FCS-3) 1s used to
force parameter compromises necessary for satisfying the <f£light
control system over the entire flight envelope. The resulting
control system is apalyzed for stability margins by use of
classical linear controls analysis techniques (root locus, Bode,
etc., FCS-1 or FCS~2). The preceding programs (FCS-1 and FC5-2)
perform dynamic response checks to evalnate the compliance with
airplane handling qualities criteria.

Another computer program development (FCS-12) is required
to size flight control system hardware for a weights assesspent.

The equations of potion for this level consaist of ragid
body modes with static aerocelastic corrections (FCS-11) instead
of the more costly elastic mode representation. The gains acd
compensation would be tempered to anticipate elastic aode
probliens.

The entire flight contrel system synthesis process is
automatic at this design level. However a knowledgable operator
is required to intervene 1if problems develop during on-line
operation.

Block_ _IvV-13. FCS _Criteria Met?--Goal: Determine if the
flight control system criteria has been satisfied,

This decision 1is manual, and human Jjudgment nay be
exercised 1n the dinterpretation of the criteria. If definit=
control system difficulties are present, the design process is
stopped, and a review is held.

Block _IV~1l4, Technical Review_ to Determine Action—-Goal:
Determine required action such as further control systen
rtefinenents, modification of criteria, modification of airplane,
or modification of flight envelope.

These decisions will generally be a committee functaion
outside of the IPAD systen.
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Biock IV-15. Opdate__Propulsion Systen Design-—-Goal:

Update all propulsion system data to show the effects of the
Propulsion Installation Analysis {Block IV-15a).

All propulsion and noise data will be wupdated to concur
with the current propulsion system comfiguration per Block IV-
15a.

Block_ IV¥-15a. Propulsion__Installation Analysis--Goal:
Analyze and rtefine the installed propulsion system in a parallel
effort to the IPAD mainstrean.

A1l Propulsion and ¥Noise disciplines will be 1nvolved in
the analysis and refinement of the installed propulsion systen.
This effort will involve such areas as inlets, nozzles and
thrust reversers, acoustic treatment, airbleed and horsepovwer
extraction requirenents, accessory equipment, as well as the
bare engine components {compressor, turbine, etc.). The effort
may tequire the use of propulsiocn and noise modules PRO-1, -2,
-3, -4, -5, ~6 and PNZ-1.

Block IV¥-16. Installed Thrust/SFC_ Change _Significant?2 --
Goal: To evalupate the change in the 1installed thrust or
specific fuel consumption.

The performance and sizing calculations of Level TIII
assumed an 1nstallation penalty to thrust and SFC based on
historical or empirical values. While the Level III and Level
iV analyses vwere conducted, outside activity has been carried
out to establish by amalysis and tests more accurate values for
the installed thrust and SFC. If these values are significantly
different than the ones assumed in the sizing activities, then
the design must be returned to level III to be resized.

Block TV=17. Systems Design--Goal (l): To detine systen
concepts and sizing criteria in sufficient detail to insure that
design requirements are identified and to provide sizing
informatiorn for weight and balance estimating.

Flight Control System--Schematic diagrams are developed for
each control system using data developed by FCS5-12, -15, -17 and
STE~-2, -3, -4. Craitical mechanical elements such as control
mixers and feedback concepts are 1destified and design criteria
are established. Actuator sizing and redundancy criteria are
developed by network Blocks IV-9 and IV-10 and the actuators are
sized by FCS5-15.

Landing _Gear--Schematic diagrams are developed fdr the
brake system and the steering system. Sizing crateria for the
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brakes, wheels, tires and steering are developed (STM-184, -15,
and -18).

Hydraulics-—-A schematic diagram 1s developed for the
hydraulic systen. Load analysis inputs are used to determine
fluid flow requirements, to establish distribution paths and to
size pumps. Load balancing and component sizing trades are
conducted (STHM-2, -3 and -4). Critical hydraulic system iteas
are identified and design criteria are established.

Auxiliary_ _Power _Unit (APU)--A load schedule is determined
for shaft power and air flow (ST#-8). Critical considerations
such as capability for inflight starting are identified and
design criteria are established.

R o e o e e R A ARtk o e e il

developed for the ECS system and +the pneumatic control and
distribution systen. Propulsion and APU inhterfaces are
established. Load analysis inputs are used to determine
requirements for heating and cooling cycles (STH-10, -11 .and
-12). Critical considerations such as +temperature pulldown
capability on a hot day are identified and design criteria are
established.

Electrical Poser System—-A schepatic diagram is developed
tor the electrical power system. Load analysis inputs are used
to determine power generation requirements ({STH-20). Systen
arrangement trade studies provide imitial optimization of
equipment relationships (STM~21l). Cratical considerations such
as loads which require source redundancy are evaluated and
design criteria are established.

Avionics--Mission profile data 1s used to determine
Tequlrements for avionic subsystems: navigation, flight
instruments, commurication, weather radar, utility and advisory
equipment. Electrical and cooling loads are determined (STH-
13). Critical considerations such as Category IIIa landing
capability and requirements for antenna locations are evaluated

and design criteria are sstablished.

Fuel System--Schematic diagrams are developed for the
following tuel subsystems: refuel, fuel vent and surge, and
engine fuel feed. Flow rates, refuel time, etc., are used to
establish line sizes (STk-26, -27, -28, -29, and -30). Critical
considerations such as pressure constraints, valve failure
cases, wing deflections, and gquantity gauging requirements ars
1dentrfied and design criteria are established.

Goal (2): Comparative evaluation of design trade study
configurations and assessment of configurations against tha
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reliability, maintainability and safety rTeguirements  and
allocations.

Fault tree simulation (REL-5), computerized Boolean
reliabilaity analysis (REL-3), automatic reliability mathematical
modeling {REL-2), and CTS {REL-1l4 and -41) are used for studies
at this level. Program selection is dependent on preblem and
system complexity and comparative factor selected tor
evaluation.

Block IV-18. Update Weights — Type B {Non-Structuafal)--—
Goal: To calculate updated mass properties for the non-
structural i1tems which have changed since the analysis which was
made by Block LIII-17 was performed. The primary chandes will be
to the propulsion groups {Block IV-15) and the systems groups
{Block IV-17).

Tc accomplish this activity the following Technical Program
Elements are involved:

1. For purposes of i1ncreasing the accuracy and decreasing
the computational time required to perform the weignts
analysis, it could be desirable to develop a welgnts
Pechnical Program Element (WT5-15} which would re-
execute only those portions of the weights prograss
whose 1nput had changed,

2. pdate of landing gear mass elements (HTS-9),

3. Update of nacelle and strat, propulsion, fixed
equipment, and standard and operational mass elements
(WT5-10),

4. Update of fuel mass elements (WIS-11),

5. Accumulation of mass elements within each structural
panel and the «c¢alculaticn of +weight, center of
gravity, and inertia for each structaral panel and for
the wing, body, and empennage (WTS-12),

6. Generdation of a weight statement patterned after the
AN 9102-D format based on the previously calculated
nmass elements (kIS-13),

7. Calculation of total airplane mass properties for the
various points on the balance diagram and the
determination of updated panel mass pioperties for the
structural analysis Blocks IV-20 and 1IV-21 ({¥TS-14).
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Block_ _IV-19. Entered at M?--This is a computer declsion.
At this position in the design cycle a need to repeat Blocks IV-
20 through IV-53 is not required, because this is the last cycle
thru tor the particular design case under investigation.

Block IV-20. _Airplane Static_Loads--Goal: Calculation of
load distributions on the major airframe components resulting
from design conditions {static and gust formulae) and a fatique
mission profile.

¥Wing loads are calculated wusing a theoretical pressurs
distribution based on a wmodified Xuchemann 1lifting surface
theory (SLO-1}. This data may be modified to include effects
not predicted by theory or previous wind tunnmel anformaticno.
Load distributions are based on the Weissimrger L nmethod (SLO-
2), yielding spanwise distributions of shear, ncomeant and torsion
aloug the load reference axis. These dastributions include
effects of airload, 4inertia amnd thrust <from wing mounted
2ngines.

Fuselage load distributions are calculated by summing a
series of idealized inertia panels (SL0-3).

Empennage loads are calculated as a function of rigid
airframe response to control or gust iaput and tail off
aerodynamic chracteristics (SLO-3).

Flight condition data will be input by a knowledgeable
user.

Any reguirements for loads on secondary structure would be
met by hand calculations based on data from a similar past
configuration.

Block IV-21. Size Structure for Strendth and Fatigue--
Goal: Preliminary detailed sizing of the primary structure for
static strength and fatigue (fail-safe design) to improve
cstimates of airplane structural weight and elastic response
characteristics.

For the structural arrangement and structural concepts
aefined in III-12, the sizing established ip III-15 and the
loads calculated in IV~-20, the primary structure 1s sized at the
salected sections for static strength and fatigue. The wing
upper panel and lower pan2l skip-stringer segments and the front
and rTear sSpar Wweb thicknesses (and stiffening materaial} are
sized for the most critical conditions (static strength or
fatique). Additionally, the section flexural rigidity,
torsional rigidity and shear center location are calculated
(STR-3 and STR-5). The fuselage semimonocogue skin-stringet
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seqments are sized in user-defined subsets (e.9., upper 1lobe,
lower lobe, deck, sidewalls, etc.}). Section flexural rigidities
(about a vertical anrd lateral axis), torsional riqidity and
shear center location are calculated (STR-4 and STR-5). The
empennage structure is sized in a manner analogous to the wing.

¥aterial properties, structural component aliowables,
Fatigue Reliabilaity Factors and Detail Fatigue Ratings for major
component structure are obtained from the data base.

Elementary beam theory, modified by etfectiveness factors
to account for svweep effects or structural discontinuities, 1s
ased 1instead of the more costly finite element analysis.
Elementary beam theory is technically adeguate for a major
portion o©of the stracture. For those regions where elementary
beam theory is not technically adequate, past experience is used
to suitably modify the theory via the effectiveness factors.

Blogck IV-22. Flexibility Change Significant?--Goal: A
computer or man decision or the significance of the change in
flexibilaity.

Loads are calculated for a given flexibility, the resulting
strength designed structure 1s sized and « new flexibility
calculated. If the change in flexibility 1s such +that a
significant lcads change would result the 1loads and sizing
Blocks IV-20 and IV-21 are repeated.

It the change 1s not significant the resulting structure is
welghed (Block IV-23).

Block Iv¥-23. Update Praimpary Structure Heights--Goal: To
update the primary structure weight based on the refined
skin/stringer material sizes supplied by the stress analysis in
Block IV-21, and present the results in the form of a weight
statement in order that the structural concepts can be
evaluated.

To accomplish this activity 1inveolves Technical Program
Blements which do the following: -

1. Execution of the weights update control module (WIS-
15) which would re-execute only those portions of the
welghts Technical Program Elements whose input had
changed,

2. Update of wing primary structure mass elements based
on stress sized skin/stringer materaial {WTS-186),
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3. Update of body/eapennage primary structure mass
elements based on stress sized skin/stranger material
(NTS-17,

4, Update of wing secondary structure mass elements (WT5-
18 or WTS-7),

5. Update of body/empennage secondary structure Bass
glements (HTS-19 or WTs5-8},

6. Generation of a weight statement patterned after the
AN 9102-p format based on the previously updated mass
elements (WIS-13).

Block IV-24. structural Concepts Satisfactory?-- Goal:
Provide for investigation of alternate structural concepts and
arrangements.

Review the structural concepts and arrangements 1dentified
in Block III-12 and sized in Block IV-21 for possible areas of
improved efficiency. Should the design be judged adequate Wwork
would commence at Block IV-25. Should a more optimum design be
required, 1t would be identified im Block IV-2#8a.

This decision 1s manual and heavily influenced by Jjudgment
relative to producibility and risk.

Block IV-24a, Redefine Structural Concept and
Arrangemenis-—-Goal: Optimization of structural concepis and
arrangements.

Alternate structural concepts and arrangements would be
investigated for those areas 1dentified as candidates for
improved structural efficiency in Block IV-24, Sizaing for
strength and fatigue {Block IV-21) of the original concepts ard
arrangepents (Rlock ITII-12) has provided a baseline for trade
studies of possible alternate designs.

Input data from DSA-1, -2, -3, and -4 would be modified
using the interactive design tool of DSA-5. 411 of the
considerations of Block III-12 will be involved 1in & process
heavily influenced by manual judgment 1in +the dinteractive
process. STR-3, -4 and -5 would provide structural sizing data
apon which this judgment would be based. The modified concepts
and arrangements would then be resized in Block IV-21 to provide
a new baseline airframe structure (DSA-1, -2, -3, -4, and -5,
DGL-7 and -9).

Block IV-25. _Update Weight, Balance and_Loadability
_—- Type B--Goal: To calculate Type B weight, balance, and
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loadabality for +the configuration which has been sized for
strength and fatigue. The primary structure weights are based
on stress sized skin/stringer material.

#iost of the technical program elements required to support
this activity were executed in Blocks IV~-18 and TIV-23. The
additional Technical Program Elements reguired vould be:

l. Execution of weights update control (WTS-15),
2. Update of fuel mass elements (WTS-11),

3. Accumulation of mass elements within each structural
panel and the calculation of weight, center of
gravity, amd inertia for each structural panel and for
the wing, body, and empennage (WTS5-12),

4. Generation of a weignt statement patterned after the
AN 9102-D format based on the previously updated rass
elements (WTIS-13),

5. Update of total airplane mass properties for various
points on the balance diagram and update of panel mass
properties for recycling througk the structural
analyses Blocks IV-20 and IV-21 (WTS-14).

Block IV-26. Panel Masss/Inertia Change_Significant?--Goaul:
Since the loads analyses are sensitaive to panel mass properties,
zach time the weights analyses updates the panel’s mass, center
of gravity, and inertia, the effect of these changes on the
loads analyses should be examined. If the panel mass properties
changes are significant, the loads and the structural analyses
should be re-executed.

Block_ _I¥-27. Loadability/OE¥ __Criteria Ket?-—-Goal 1: To
compare the OEW which is calculated by the weights analysis
(Block 1IV-25) and the required OQEW as sized by the cruise
performance analysis (Block III-3) and to determine 1f the
difference botween the OEW's are within acceptable limits. If
the difference 1s too great, the geomstry module (Block III-2)
will be required to resize the configuration. The reguired
changes are man controlled im Level IV.

Goal 2: To compare the available forward and afEt center of
gravity limits as determined by the stability and contrel
analysis (Block IV-4) and the regquired forward and aft center of
gravity balance and loadability 1imits as determined by the
weights analysis (Block IV-25). If the difference between the
regquired and available center of gravity limits 1s too great,
the geometry module (Block IITI-2) will be required to resize the
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empennage. If the OEW cg position does not result in acceptable
airplane balance, the geometry module (Block III-2) will be
required to adjust the position of such items as the wing and
gear relative to the body. The tequired changes are Ran
coptrolled in Level IV.

~ Block_ _IV-28, Eguation of Motion - Flutter Option--Goal:
Formulate equations of motion for flutter analysis c¢f refined
configurations.

Activity here is basically the same as design npetwork EBlock
Iv-21. Added will be the wmodal interpolation and lifting
surface theory oscillatory aerodynamics calculations.

Block IV-29. Proposed Flutter Suppression_ _System—-Goal:
A flutter suppression control system 1is synthesized for the
purpose of increasaing the flutter speed.

The procedure for selecting yains and filters 1s similar to
the procedure described in Block 1IV-12. Thus, the optimal
control theory programs (FCS5-3, FCS-6, and FCS-7) and the
generalized inverse technique (PCS-4 or FCS-5) will be used as
an aid to parameter sizing. However, +the criteria ard the
emphasis of elastic modes make this block differ from Block IV-
1z2. The strategy 1s to increase the flutter speed as much as
possible without 1introducing stability problens. Sensor
location and control surface size and location are critical
considerations. Due to these complexities, manual interventicn
1s required in the synthesis process. In particular, classical
controls methods of FCS-1 or FCS-2 will be used for the majority
of the synthesis effort. ©Note that FCS-1 reguires a development
of Nyquist and Bode techniques for accommodating the fregquency
dependent {complex coefficient} flutter matrices.

The equations of motion formed for the flutter analysis
(Block IV-28) can also be used for the <flutter suppression
system work. However, egquations of motion based upon gquasi-
steady aerodynamics combined with the Wagner function may also
be used. This latter set w1ll be used for cost considerations.

Block IV-30._ _Proposed Fix--Goal: Determine changes on
configuration geonpetry, mass, oL stiffness for flutter
clearance.

The critical <flutter conditioms identified a1n design
network Block 1IV-31 will be =analyzed +to0 appraise <flutter
mechanism using an energy display approach (SFL-13). Parametric
flutter trend studies on stififness changes, mass balance, and
geometry change using lifting line unsteady aerodyramics (SFL-
12) will be used to determine how the <flutter deficiencies
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should be removed. These trend studies are performed through
the design network Blocks IV-28, IV-31, IV-32, and IV-30. This
loop is terminated when the desired flutter clearances are
achieved. Lifting surface .aerodynamics (presented in the
description of Block EM-8) wi1ll be used to confirm the results
of changes in stiffness, mass, or geometry.

Block IV-31. Flutter Analysis--Goal: Bvaluate flutter
boundaries of the refined configqurations.

Flutter boundaries of the refined configurations will be
determined over the flight envelope by the same solution methods
used 1n design network Block III-22.

Block IV-32. Flutter Criteria Met?--Goal: Determine it
the flutter criteria have been satisfied.

This decision 1is manual, If flutter deficiency exists,
ipmprovements will be made by: 1) geometry, mass, or staffness
change; 2) active flutter suppression system. A decision will
be made whether 1) or 2) or both should be used to satisfy
tlutter requirements.

Block IV-33. Goometry Change?-—Goal: Determine 1f a
confaguration change 1s required for flutter clearance.

This decision is manual. Geometry changes ir terms of
pofdifications to existing main lifting surfaces, control
surfaces or addition of new control surfaces may be the results
pf the design network Blocks IV-29 and IV-30. If the geometry
change is required to clear flutter, the design flow will go
pack to the start of Level III.

Block IV-34. Use Flutter Suppression _System?-—Goal:
Decide whether or not to wuss an active Elutter sugpression
systen.

The flutter suppression system synthesis is described in
gdlock IV-29. The decision is manual and involves considerations
of benefits, risk, cost, complexaty, and welight.

Block IV¥-35. Update FCS--Goal: Be-size the flight control
ccrponents for weight comsiderations.

The additional components required for the flutter
suppression system will be- estimated. A computer program
development is required {FC5-12).
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Block Iv-3&. Chanye Stiffness?-—-Goal: Determina if
structural stitfness change should be made for flutter

clearance.

This dacision 1is manual. If the stififness increase
(identified in the design network Block IV-30) over the strength
and fatigue sizing is to be made to clear flutter, the reguired
stiffness will be provided for design network Block IV-37. If
the answer to +the gquestion 1s no, design network block IV-33
w1ll be executed and any mass change vrequired for flutter
clcarance will be input.

Block IV-37. Update Structural Sizing. Goal: To identify
flutter-prescribed rtesizing £for updating the primary structure
woaght and to establish minimum size constraints for all further
strength and fatigue design actaivities.

If a stiffness {sizing) 1increass over the strenyth and
fatigue sizing 1is required to m=2et the flutter criteria, the
s1z1ng required 1s identified and upuated. For all skin and web
gage increases, the stiffening material will be compared to the
minimum allowable stiffening material and increased 1if required.
Flutter-prescribed sizing will be considered to be minimum s1ze
constraints imn all faurther streagth and fatigue s1zing
activities (STR-3, -4).

Block IV~-33. Update WKeights, Balance, and Loadability
--Type B--Goal: To calculate Type B weight, balance, and
loadability for the «configuration which has been sized for
strength, fatigue and flutter.

To accomplisn this involves Technical Program Elcaants
which do the following:

1. Execution of weights update control (WTS-15) woach
would re-execute only those portions of the weights
Technical Piogram Elements whose input had changed,

2. Update of wing primary structure mass elements based
on 3tress sized skin/stringer materlzal (WTS-16),

3. Update of body/empennage priwmary structure nass
elements based on stress sized skins/stringer material
(kTS-17),

4, Update of wing secondary structure mass elements (ATS-
16 or w75-7),

5 Update of bpody/enpennage secondary sStructure mass
eloments (WT5-19 or W1s5-8),
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6. Update of fuel mass elements (WT5-11),

7. Accumulation of mass elements withim each structural
panel and the calculation of weight, center of
gravity, and inertia for each structural panel and for
the wing, body, and empennage (WTS-12},

8. Generation of a weight statement patterned after the
AR 9102-D format based on the previously updated mass
elements (WTS-13),

9. Calcuiation of total airplane mass properties for
various points on the balance diagram and the
determination of updated panel wmass properties for
recycling through the structural analyses {HIS-14).

There will be no updating of the £ligbht control system
Welghts until the effects of the flight control system changes
can be reflected in the other airplane systems analyses (Block
IV-17). Therefore the flight control system weights will be
updated in Block IV-18.

Block _IV-39. Loadability/CEN __Criteria Met?--Goal 1l: To
compare the OBW which is calculated by +the welghts analysis
{Block 1IV—-38) =and the reguired OEW as sized by the mission
analysis (Block III-3) and to determine 4if +the difference
between the OEW's are within acceptable 1linits. If the
difference is too great, the gecmetry module (Block III-2)} will
be required to resize the configuration. The required changes

are man controlled in Level IV.

Goal 2: To compare the available forward and aft center of
gravity limits as determined by the stability and control
analysis {Block IV-2) and the required forward and aft center of
gravity balance and loadability limits as determined by the
weights analysis (Block IV-38). If the difference bhetween the
required and avallable center of gravity limits is toco great,
the geometry module (Block ITII-2) will be required to resize the
empennage. If the OEW cg position does not result in acceptable
airplane balance, the geometry modale (Block III-2) will Dbe
required tco adjust tne position of such 1tems as the wing and
gear relative to the body. The regquired changes are man
controlled in Level IV.

Block _IV-40. Entered H_TFrom _JZ2—--Thais 1s a computer
decision. The decision in Block IV-51 to do flutter analysis
requlres a recycle through equations of motion {Block 1V¥-28) and
subsequent events (Blocks IV-31 through IV-39) but no recycle of
events (Blocks IV-41 through IV-51} which are primarily updated
analyses.
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Block IV-41. Eguations of Motion—-—-Goal: To establish the
equations of motion prior to investigating the dynamic loads and
ride quality.

The unaugmented guasi-steady eyuations of motion generated
in Block EM-11 are a set of theoretical equations with
experimental corrections incorporated inte them to nRore
realistically represent the actual airplane. This block will
incorporate the SAS system into the equations of motion using
Technjical Program Element SDL-2. The flight <conditions for
which the equations of motion are to be generated will be
manually selected to be adequate for the Dynamic Lcads Block IV-
42.

Block_IV-42. Dymamic_Loads _and Ride Quality _Evaluation--
Goal: The purpose of this element is to provide desagn loads to
size the structure of the airplane. However, the mapy facets 1in
providing these loads reguires the skill of experienced
dyramists.

To provide design flight gust loads, 1t 1is mnecessary to
pick points on the flight envelope an terms of altitude, speed,
payload, and fuel loading which may produce the maximum dynamic
loads on any selected location of the aircraft. The first step
15 to check the stability (SDL-3) of +the equatioms of wmotion
{(Block IV-41). Then, the egquations of motion and load equations
generated from gdata of Block EM-10 nust be apalyzed by a
discrete gust analysis (SDL-6), a statistical PSD gust analysis
(5DL-4) using the design envelope approach, and a statistical
gust analysis for a typical mission profile using programs SDL-
4 and SDL-5. Fatigue sizing of the aircraft also requires a
pission profile gust analysis which generally has a 1lighter
payload than 1in the design envelope analysis. The mission
profile 1s an average payload and fuel dastrabutionrn that would
be experienced during ah average mission that the airplaae 1s
designed for. The design envelope and discrete gust approach
uses extreme loadings +that are possible to obtain the highest
loads on the airplane. The gust profile considered must be both
a vertical and a lateral gust considered 1ndependent of each
other.

" The ride gualities should be evaluated at this time in
terms of laterazl and <vertical accelerations aleomng the body.
Until an abselute critsr2a is developed, the ride gualities
would nave to be compared gquantitatively with existing aircraft.

The design ground loads would be caluclated with a dynamic
math model simulating both a landing impact and a taxi amalysis
(SDL-7) on various measured runways around the world. The ride
qualities during taxi would also be evaluated at this tame.
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Block IV-43. Structural Analysis_for Strength and Fatique-
-Goal: To determine the margins-of-safety ({strength and
fatigue) of the previously sized detail structural elements for
the dynamic load conditions of Block IV-42.

For the detailed structural sizing established in Block IV-
21 and as updated by Block IV-37 for flutter, stress analyses
are performed for the dynamic load conditions of IV-42, The
capability to perform analysis only (without resizing) to obtain
margins—-of-safety is inherent in STR-3, STR-4 and S5IR-5.

Analysis, rather +than design, is used to obtain the
computational cost savings available when mno gnegative margains-
cf-safety exist for the dynamic Jload conditions and the
flexibility changes, if any, since +the last static loads
calculation are too small to produce a significant change in the
static loads. It should be noted that the cost of an analysis
is estimated as onre-third, or less, that of a design sizing.
Further, +there should be very £few dynamic load conditions
compared to the number of static load conditions.

Block IV-44, Negative Margins-of-Safety?-—-Goal: Computer
decision to determine if the dynamic load conditions are
critical for amy of the previously sized detail structural
elements.

Block _IV-u45. ARirplane Static_Loads-—Goal: Calculation of
load distributions on the major airframe components resulting
from design conditions (static and gust formulae) and a fatigue

mission profile.

wing loads are calculated using a theoretical pressure
distraibution based on a modified ZXKuchemana 1l1laftaing surface
theory (SLO-1). This data may be modified, by an engineer, to
include effects not predicted by theory or previous wind tunnel
information. Load distributions are based on the Weissinger L
method (SLO-2), yielding spanwise distributions of shear, moment
and +torsion along the load reference axis. Theses distributicns
irnclude effects of airload, inertia and thrust from wing mounted
2ngines.

Fuselage load distributions are calculated by sumping a
series of idealized inertia panels {SL0O-3).

Empennage loads are calculated as a function of rigad
airframe response to control or gust input and tail off
aerodynamic chracteristics (SLO-3}.

Flight condition data wi1ll be input by a knowladgeakble
user.
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Any requirements for loads on secondary structure would be
met by hand calculations based on data from a similar past
configuration.

Block IV-46. Structural Sizing for Sirength and Fatigue—-—
Goal: To modify the preliminary detailed sizing of the primary
structure for strength anrd fatigue (fail-safe design) for
critical dynamic 1load conditions and/or revised static loads
resulting from stractural flexibility changes.

Using the structural defirition (geometry and sizing)
established 1in Block IV-21, with the sizing as updated by Bleck
Iv-37, the pripary structure 1s resized for strength and fatigue
for fail-safe design (STR-3, SPR-4, STR-3). Static load
condition data are obtained from Block IV-45 while the dynamic
load condition data are obtained from Block IV-42. Sizing
activities performed parallel those of Block IV-21.

Block IV-47. Flexibility Change Significant——Goal: A
computer or man decision on the significance of the change in
flexibility.

Loads are calculated for a given flexibilaty, the resulting
strength designed structure i1is sized and a new flexibility
calculated. ITf the change in flexibilaty is such that a
significant loads change would result the loads/sizing routines
{Blocks IV-45 and IV-46) are repeated.

If the change is not significant the resulting structure is
weighed (Block IV-48}.

Block IV-48. _Update Heights, BRalance,_ and
Loadability - Type B--Goal: To calculate Type B weight,
balance, and lcadability for the configuration which has been
sized for strength, fatigue, flutter, and dynamic loads.

To accomplish +this 1nvolves Technical Program Elements
which do the following:

1. Execution of weights update control (WTS-15) which
would re-execute only those portions of the weights
technical program elements whose input had changed,

2. Update of wing primpary structure mass elemepts based
on stress sized skin/stringer materaial (WTS-16),

3. Update of body/empennage primary structure mass
elements based on stress sized skin/stringer material
(WTS-17}),
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g, Update of wing secondary structure mass elements (WTS—
18 or WTsS-7),

5. Update of body/empennage sSecondary structure mass
elenents (¥TS-19 or HTS-8),

6. Update of fuel mass elements (WTS-11),

7. Accumulation of mass elements waithin each structural
panel and the <calculatien of weight, center of
gravity, and inertia for each structural panel and for
the wing, body, and empennage (WTS5-12),

8. Generation of a weight statement patterned after +the
AN 9102-p format based on the previously updated rass
elements (WTS-13},

9. Calculation of total airplane mass properties for
various points on the balance diagram and ‘the
determination of updated panel mass properties for
recycling through the structural analyses (WTS-14).

There will be no updating of the flight control systenm
weights until the effects of the flight contrcl system changes
can be reflected in the other airplane systems analyses (Block
Iv-17). Therefore the flight control system weights will be
updated ain Block IV-18.

Block _IV-49. Panel Mags/Intertia_ _Change Significant?--
Since the loads analyses are sensitive to panel mass properties,
each time the weights analyses updates the panel's mass, center
of gravity, aad/or inertia, the effect of trese changes ol the
loads analyses should be esxamined. If{ the panel mass properties
changes are significant, the loads and the structural analyses
should be examined.

Block__IV-50, Loadability/0EN_ Criteria Met?--Godl 1: To
compare the OEW which 1s calculated by the weiaghits apalysis
Block IV-48 and the required OE¥ as sized by the cruise
performance analysis (Block TIII-3) and +to determime 1f +the
difference between the OEW's are within acceptable limits. If
the drfference is too great, the gecmetry module {Block III-2)
will be required to resize the confaguration. The reguared
changes are man controlled in Level IV. >

Goal 2: To compare the available forward and aft center of
gravity lamits as determined by the stability and control
analysis (Block IV-4) and the regquired forward and aft center of
gravity balance and loadability 1limits as determined by the
weights analysis (Block IV-48)., If the difference between the
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required and available center of gravity limits is too great,
the geometry module (Block III-2) will be required to resize the
empennage. If the OEW cg position does not result in acceptable
airplane balance, the geometry module (Block III-2) will be
required to adjust the position of such items as the wing and
gear relative to the body. The 1equired chanrges are man
controlied in Level IV.

Block_ _IV-51. Do _Flutter “Analysis?-—-Goal: Determine if
further flutter analysis is reguaired.

Manual decision is made to determime i1 further flutter
analysis should be performed to ensure the proper flutter free
performance of the newly derived configuration with strength
design 1n Which dyramic loads and ride quality effects are
included.

If the answer to the guestion 15 yes, the design flow will
go back to design network Block IV-28. Otherwise, the
configuration will be ready for flight control system synthesis
and analysis ({through design network Blocks IV-52 amd IV-53}.

Block _IV¥-52. Eguations_of Motion - Quasi-Steady Option——
Goal: Develop the equations of motion to be used for flight
control system work.

The equatlions of motion consist of the rigid body modes and
about 10 elastic wnodes. Two basic sets of data are produced,
namely the longiftudinal axis egquations and the lateral-
directional axes equatiobs. Approximately 10 operating points
are required to cover the flight envelope. Quasi-steady
aerodynamics are sufficient fci1 the flight centrols problem.
Estipates of control surface and actuator dynamics will be
adequate at this stage in the design process.

Block IV~53. Flight Control System Synthesis and
Analysis--Elastic_pBody Modes-—-Goal: Re-examine the flight
control system using elastic body modes and modify the control
system as needed. f

The previous handling qualities control system work ({Block
IVv-12) 1s performed using simplified rigad body eguations of
motion. Although elastic modes were not used in Block Iv-12,
the static aeroeclastic effects were simulated arnd the gains and
compensation networks ware tempered to anticipate kigher
frequency dynamics. It 1s anticipated that £flight control
system modifications will be minor. If the f£flight control
system criteria 1s not satisfied due to presence of elastic
modesg, the situation will be examined after the end of the Level
IV computational activity. The decision will then be whether to

90



press for more control system refinements or to modify the
airplane or flight envelope.

Block IV-42 evaluated the ride quality of the airplane. If
ride improvement is required, a ride quality stability
aughentation system {RQSAS) will be developed at this point.

Computationral activity will be similar to Block Iv-12, and
FC5-1 +through PCS-7 wpay be required. As is the case with the
flutter suppression system synthesis (Block IV-29), the elastic
nodes will require more manual intervention and more emphasis of
classical controls techniques (FCS-1 or FCS-2). The flaight
control system hardware will be resized by use of FCS-12.

Block IV-54. Do Dynamic Loads Analysis?~-Goal: Man
decision to determine whether any significant changes in weight,
flexibalaty, and flight control system synthesis have been made
to the system from Blocks IV-43 +to IV-53 which would affect
dynamic loads.

Block_ _IV-55. {1} Manufacturang Review—-Goal: To provide
Operations with design concepts to the extent that company
resources can be revieved and the preliminary Manufacturing Plan
prepared.

Operations must dipitiate program planning in conjunction
with the product technical definiticn. Based on itemized work
statements, the initial pake-or-buy and manufacturing plans are
developed. Concurrently, available din-house resources are
revieved for compatibility in time and suitability.

{(2) Establish__Plans _and__Schedules~-Goal: To provide
Operations, Marketing and Fainance with inatial plamns and
scheduling 1nformation.,

Initial planning will include estimates of the engineering
release schedule, the configuration verification test plan and
the manufacturing schedule.

{3} ITdentify _Long_ _Lead Items——Critical long lead itenrs
such as engines, forgings,‘ etc., will be 1dentified and
procurement criteria will be established.

Block _IV-56. Summarize Performance--The design refinement
of Level IV has been completed. The performance will be
sumparized by use of PRF-5, finance and cost considerations by
FNC~1, and the market suitability will be predicted by HET-4,
-5, -—b6. The sffect of schedules on cost will also be assessed
vy FEC-2, -3, -4,
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The marketing analyses will be supported by an evaluation
of the total system 1n the operatioral environment withim the
level of defipition available.

Simulation model REL-1 and REL-4 will evaluate
interactions, major influences, controlling parameters, special
features and characteristics affecting utilization dispatch
reliabality, maintenance and logistics facilities. Costs~-
variables such as fleet size, route structure, scheduled £1light
time, and ground time are used to assess each change 1n
configuration or design and to evaluate streugths and weaknesses
of each airplane in operational envirosments,

Block_IV~57. _Will Engine _be Available for Product2--Goal:
Detersine if the engipe availability schedule is compatible with
the airframe manufacturing and delivery schedule.

Thi1s decision wi1ll be manual and will determine if the
airframe manufacturing and delivery schedule allows sufficient
lead time for the engine development.

Block_ _IV-58. Technical Review to Determipe Next Action--

Goal: Determine next action if the engime availability test
(Iv~-57) is negative.

This management level review will be to decide on further
action should the current airframe schedule allow insufficient
lead time for engine development.

Block_ 1IV-59G, Confiquration Acceptable?--Goal: This is a
man decision based on a review of all tasks undertaken ia Level
IV. To be acceptable means that no reason is found to hainder
progress of the design to Level V.

Block LV-60. _Stop Hind Tunnel Model-—-Goal: In +the event
that the coanfiguration review in Block IV-59 is found to be
upacceptable then the design of the cruise shape wind tunnel
nodel, commeanced 1in Blocﬁ 1V-8, should stop.

Block _IV-61. Start_Wind Tunnel Model?--Goal: This event
1s a man decision to start the design of the cruise shape wind
tunnel model if not already in work. The decision 1s influenced
by a management Teview to commit the configuration design cycle
into Level V.

Block IV-62. ¥ind Tunpel Model Started?--Goal: ‘This event
1s a man decision to check if the design of +the wind tunnel
cruirse shape model jdentafied in Block IV-8B has commenced.
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Block_ _I¥-63. Modify Configuration or Mission--There are
t¥o options from a negative result in Block 1IV-59. The desigmner
may slect to retain the design mission and criteraia and return
to the beginning of Level III to resize using different sizing
rules or the designer may return the design sequence to Level II
to evaluate the effects of an alternate design missiopn.

Block IV-64. _Technical Review_to Determipe_ _Next _Action—-
Goal: This event 1s a review of the total airplane design by a
technical review committee to assist the management decision on
the next course of action.

4.2.3.5 Level V - Configuraticn Verification

The goal of Level V is to verify candidate configurations
50 that selection among them and the commitment of product go-
ahead <can be made with the wminimum risk practicable. These
verifications will be achieved by tests and analysis. Tests
will include wind tunnel models, selected system and structural
concepts and propulsion systems. The design and analysis will
be done as rigorously as possible, with preliminary detail part
design wherever needed to develop confidence in the overall
design.

Block _Vv-1. Modify Wind Tunnel Model?--#Han decision as to
whether changes in the design of the wind +unhel <crulse shape
model are regquired.

Block V-2. Hodify Wind Tunnel Model-—-Goal: Hodification
to design and construction of the wind tunnel cruise shape
nodel.

In order to achieve carly wind tunnel test dates, the model
drawings and definitions for Level V testing are released early
in Level IV. There will usually be some modification to these
early model lines as a result of further analysis i1n Level IV.
This activity represents the updating of the wind tunnel model
definitions to represent all of the Level IV results.

Block ¥V-3. Cruise Waind Tunnel Model Configquration
Design_kith Lofted Geomatry~-Goal: To design the various
configurations to be tested for cruise drag and longitudinal
stability and control characteristics.

The model will he designed, at a sub-critical #Mach number,
using potential flow analysis, wwith corrections based on
axperience (ARO-1, -2, -3). Model components which will be
actively desigmed are wing, body, empernage, nacelles and
pylens. Options i1n addition to the nominal shape will be
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designed for alternate configuratiaons. All of the geometry will
be represented as a computerized loft using geometry control
systen GCS (DGL-2, -3), which provides data for the components
to be fabricated by the numerical control processes.

Block __V-4. Pabricate ¥ind Tunnel Model--Goal: To
construct the cruise shape wind tunnel model designed im Block
v-3.

The fabrication of these wmodels will utilize numerical
control processes to machine the wing, forward and aft body,
empethage, nacelles and pylons. The control tapes for these
machines will be produced from contour informaticn contained in
the IPAD data bamk (DGL-2, -3).

Block ¥=5. _®ind Tunnel Test--Goal: This test will provide
a measure of the cruise drag of the airplane and longitudinal
stability characteristics.

If confirmation of the drag estimates (and particularly
wing design) made in Level IV is achieved, then acceptance of
the aerodynamic performance will be verified.

The second part of the +test provides basic longitudinal
stability and control information and laterai-directional
stability data for the c¢ruise configuration. There are no
lateral or directional controls on the model at this stage. The
data will be used to confirm or to show the need for changes in
the airplane confiquration.

This task wi1ill be performed using normal wind tunnel
procedures. #Wind tunnel data reduction programs will convert
the data into acceptable form for inclusion 1m the IPAD data
bank.

Block V-6, Analyze--Goal: To analyze cruise drag and
longitudinal stability and control data.

Cruise performance calculated froa data of wind tunnel test
Block V-5 is compared with estimated performance used in Level
1V analysis (Block IV-56). Changes in configuration design will
be 1dentified from this comparison. The airplane performance
will be calculated using measured drag data (PRF-2, -3, -4).

Cruise configuration longitudinal stability and control
characteristics and lateral-directional stability
characteristics will be compared with estimates made early ain
Level IV. Changes in configquration design #ill be identified to
meet handling gualities criteria.
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The stability and control analyses in this level wall
1dentify the design constraints and problems <foreseen for the
configuration and make changes where necessary before the major
design and analysis tasks of Block V-1l are commenced.

sgc-3, -4, -6, =12, =148, -17 Techrical Program Elements
calculate the basic aerodynamic characteristics usang cruise
configuration wind tunnel data £from Block V-5 replacing the
aerodynamic estimates used previously with +these programs.
Aeroelastic correction factors used originate from Blocks TIV-45
and IV-46.

Handling qualities estimation for the cruise configuraticna
will use S6C-18 with a computerized prlot model and S&C-19 wnich
is a true piloted saimulation. The piloted simulation will
include the Elight control system synthesized in Block IV-12 and
control surface actuation charactersitics defined in Block IV-3.
Design conditions for this task are greatly expanded from those
investigated in Level IV and will cover in addaition to normal
flight conditions over the entire f£1light envelope, those failure
conditions that could have major impact om the design.

Block v-7. Confiquration__Acceptable--Goal: Determine
acceptability of crumise performance, longitudanal stability and
control, lateral and directional stability.

This decision is manual and human 3Judgment will be
oxercised to evaluate the acceptability of the configuration.

Block V-8, _Technical Review_ _to Determine _Next Action—-—
Goal: Determine degree of unacceptability of configuration from
Block V-7 and establish whether comfigquraticen changes can be

made to produce an acceptable condition.

The decision of a technical conmittee 1s reguired. Data
from analyses of Block V-6 will be reviewed.

Block V-9. Develop Level V Inputs—--The analysis and design
methods to be used in Level V will be the most powerful
avallable 1n each technical discipline. These will be executed
as separate jobs, but will coordinate and transier data betveen
jobs through the data base management facilities of the IPAD
system. Thus Block V-9 develop inputs occurs @many tipes
throughout Level V. It is shown here ¢to indicate +that each
execution will collect user inputs, technology data base inputs,
additions to the data base resulting from test data, and outputs
from Level IV, and use all of these as sources for information
for subsequent analysis, design and testing.
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Block _¥-10. Tests  {Development)-~—-Goal: To a1d the
configuration verification through testing.

The follwoing tests represent a sample and are reported to
show the character of the Level V development tests. In
general, these tests are conducted as required to verify with
contidence the airplane performance, etc., and the concepts of
the structure and systems.

Continued ¥ind Tunnel (H.T.) Tests

1. Low Speed W.T. Model--Goal: Measurement of drag and
1l1ft characteristics for the low speed configuraticn performanca
identified in Level TIII.

2. SBEC Longitudinal and Directional Low Speed W.T. Test—-
Goal: Measurements of stability and control characteristics to
compare with the low speed stability and control estimates nmade
Lor +ne airplane i1n Level IV, High angle of attack data will be
taken to show satisfactory stall recovery. Engine failures will
be simulated.

3. Additional Cruise Configuration ¥.T. Tests—-—-Goal:
Addition of Lateral and Directiomnal control surfaces +o the
cruise configuration wind tunnel model will enable correlation
of cruise lateral and directional control characteristics to kLe
mads with the estimates in lLevel 1IV.

4. ¥.T. Test - "Manufacturing Loft" ¥Wing-—-Goal: To test
the aerodynamic difference Fketween the wing defined by
aerodynamics and the wing considered to be manufacturable.

Manutacturing considerations 1nvarazably Iequlre SCE2
moditication to the wing lofted by aerodynamics. If +these
charges are sizable, then the performance degradation should be
established by wind tunnel test.

5. ILoads Wind Tunnel Pressure Hodels--Goal: To measure
pressure data for the loads analysis. Two pressure models are
required as a wminimum, napmely, high speed and low speed. On the
high speed model pressures would typically be measured on the
wing, body, horizontal +tail, vertical fin and nacelle. Runs
woula be made throughout the Mach number range and alpha range
{negative stall to positive stall) with beta sweeps at selected
conditions. Configurations would include c¢lean and spoiler
(speed trake), 7Toll control, elevator and rudder deflecticns
{(singly and in combinatiomn}.

On the 1low sSpeed mnodel additional prossure would be
required, irncluding high 1ift duvices, gear dools, dgear
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cavities, leading and trailing edge cavities for example. Again
configurations resulting from various flap and control surface
deflections would be tested over the tull alpha range.

Strain gage measurements taken during total airplane force
tests to obtain loads on smaller components, nacelles, struts,
ailerons, stabilizer, etc., could be used pricr to pressure data
becoming available and as a check of integrated pressure data.

Propulsion_Tests—-Goal: Perforsm required tests to verify
the propulsion system contfiguration.

Engine rig, wind tunnel, flight and other +tests are
performed to verify the design of the various components of the
propulsion system (inlet, nozzles and thrust reversers, acoustic
treatment, etc.). Questions which must be ansvwered i1nclude:
performance of the propulsion system at altitude (may reguire
£flight +testing of new engines); flight cycle fatigue; 1nlet
distortion; oil flow indication; anti 1cing; water 1injection;
sand ingestion; low and high temperature starting; etc.

Structural Development Tests-—-Goal: The 4goal of +the
structural development tests is to verify theoretical
requiresents and establisn baselines for emparical evaluaticns
for structural components. These tests would be preoduct
oriented and would not include Lesesarch and Development tests.
All testing regquired to insure complete tecnnical conrnfidence 1in
the configuration must be accomplished at thas level.

Theoretical requirements: This group of problems includes
testing such as wing panels for comparison between predicted
allowables and fracture stresses, etc. The main purpcse of this
type of testing 21s to correlate predictions and test data fot
every concelvable allowable stress, bc it; stabality, fatigu= ot
fairl-safe allowables, etc., 1n order tc prepare for the full
scale test assemblies to follow.

Empizical eavaluations: The purpose of this testing is to
astablish design guidelines for situations where theoretical
approaches fail or become unreliable. It cecvers problem areas
such as:

1. bird impact on windshield,

2. detail -fatigue rataings for design details not
previously used or tested,

3. strength of fattings,
4, ha1l impact,

5. crack propagation.
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The purpose 1s to establish; mininum gages, edge margins,
baselines for fatigue analysis, required area ratios for fail-
safe design, etc.

Systeps Tests-—-Goal: To conduct developmental tests
required to verify that the definition of each system is wathin
the current design and production capability.

This testing is general and nust be responsive to areas of
concern which are identified during the Design/Analysis function
of both TLevels IV and V. For exzample: The flight control
system would reguire testing if a decision were made to transmit
control commands completely by an electrical and electronic
"fly-by-wire" procsass.

Block V-1l. Design/Analysis——-Goal: To do the design and
analysis activities required to support the configuration
verification process, and to begin the design of long lead time
1tens.

In Level V this activity is too broad in scope to be
meaningfully put into a design network. Instead, selected
technical disciplines have summarized the scope of activities
they 2antend to do in this ILevel. The Level, IV network
activities may be repeated but limited to a portion of the
airplane 1n greatsr detail.

The design of long lead time items will begin in Level ¥
and will be coantinued ainto Level VI. Examples include- engine
and nacelle 1integration, critical forgings (maxn landing gear
shock strut, flap track beams), and control system nixers and
clectronics.

Aerodynamics/Performance--2311 of the analysis capabilities
of aerodynamics will be used at this level. ARO-1 and -2 will
be wused to design wings for wind tunnel testing. ARO-3 will
provide exact potential flow results for detailed wing design,
empennage design, component integration, such as wing-body
fairings, nacelle pylon-wing geometries, and so forth, to
support both wind +tunnel model design and prototype design.
ARO-4, -5, -6 w1ill support those calculations that rTeguire AIC
matrices.

Performance calculations will be regquired +to support
configuration modificatiors. PRF-2, -3, -4 and -5 will use test
data and estimates to make these calculations.
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Computerized Space/Arrangement Mockup—--Goal: To reserve
locatirons for items of faixed eguipment whach have been
identified during the preliminary design and +to evaluate the
adequacy of raceways for routing system services.

The airplane interior volume 1is davideé antc a matrix.
Space envelopes are defined which represent the major
compartments such as flight crew, passengers, cargo, electronics
bay, control surfaces, propulsion, fuel tanks, landing gear,
auxiliary power unit, etc. Also, smaller space envelopes are
defined which represent fixed equipment such as actuators,
purps, filters, heat exchangers, oxygen cylinders, etc.
Raceways are defined which provide for routing control cables,
wiring, ducting, tubing, etc. (DCA-3}.

Dynamic_Loads--All of the dyramic loads analyses performed
in  level IV wi1ll be repeated in Level V using the same theories
and programs but with refined 21input data as it becones
avairlable.

Input data is refined by employing wind tunnel data, flight
test data, =and ground vibraticn test data corrections to the
theoretical data. The gquality of the analysis 1s aimproved by
increasing the number of elastic modes and employing residual
stiffness in the analysis in conjonction with the refined data.

In addition, many smaller design problems will be solved as
the need arises. These problems are difficult to predict inm
advance but will be of the +type such as changing nacelle
flexibility to lower wing-nacelle attachment loads.

Flight Control System Synthesis and Analysis--Geal: Refine
and expand definition of *flight control systen. Berform
response calculations to ascertain compliance with the crateria.
Complete defirition of flight control system mechanization and
redundancy concepts. Analyze failure modes and <ffects.
Perform control surface actuator stability analysis. Evaluate
candidate hardware.

The rflignt control system will be updated to reflact data
changes. The control system developed for Block 1IV~1l2 nust
provide acceptable airplane handling qualitites. Analysis of
the ride improvement and flutter suppression contrcl systens
which may have been identified a1in Blocks IV-42 and IV-29
respectively will be continued. The autopilot and auteland
design concepts will be finalized. Computer programs FCS5—-1
through FCS-7 will receive use similar to theair use ain Bleck IV-
i2. However, classical control technigues (FC3-1 or FCS-2) will
be emphasized more heavily to permit a finer tuning of the gains
and filters. Mechanization, rTedundancy, and faillure studies
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%11l require nonlinear solutions afforded by FCS-8, FCS-9, or
FCS-10. Nonlinearities may also be studied by use of the
similation described in S5&C-19.

Equations of motion used for this event will consist of
both the rigid body set (FCS-11) and the elastic mode set (see
equations of motion netvork).

Flight Simulator Evaluation--Goal: Provide a simulation of

the airplane in ftlight.

The simulation will model the six degrees of freedom
nonlinear dynamics, pertinent vibration modes, £flight control
system, hydraulic system, propulsion system, pilot's control,
and pilot's displays. FPFor piloted operation, the simulation
will be operated at real time. The cab will be fixed based {as
opposed to moving base) for this design level.

Nonlinear time rTesponses will be produced £for coatrol
inputs, gusts, and failur=s. A particularly important result of
the sipulator study is the pilot rating of the airplane's
handling gqualitites. However, due to the inclusion of nmany
technical disciplines in the simulation, the simulator acts as
an analytical systems integration tool.

The flight simulator for this level will be an off-line
daevice such as the EAI-8400. Software for providing the
simulation are in existence. However, the computer programs are
generally tailored for a particular aarplane.

Flutter--Goal: Perform flutter analysis on the
configurations updated by static wind tunnel model tests.

¥ind tunnel testing of the cruise configuration and low
speed configuration models may result in changes on wing
airloads, tai1l size, and enmpennage control surface size.
Flutter analysis using the same procedure and computer prograams
{(SFL-1 through SFL-13) in Level IV will be carried out on these
updated configurations to ascertain compliance with the f£lutter
requirements. Important structural detail information on; 1)
main structure cut-outs, 2} stiffness of major stricture
junctions, 3) mounting stiffness of localized masses, and 4)
control surface stiffness and the corresponding updated mass
distribution will be available as input to the flutter analysis.
Heasured sectional 1ift curve slopes and aerodynamic center
locaticns from the static wind tunnel model test data wirll be
incorporated in unsteady airloads predictions. Control surface
flutter aralyses are performad. Failure condaitiors wi1ill be
1dentified and analyzed to ensure compliance with the flutter
criteria. ,
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Plans and Schedules-—-Goal: To provide Operations,
Harketing and Pinance with plans and schedulang information.

Update the Block IV-55 estimates of the engineering release
schedule, the configuration verification test plam and the

manufacturing schedule. Continue 1dentification of critical
long lead items such as engines, forgings, etc., and procurement
criteria. Make initial estimate of the Level VI rproduct

developrent test plans, engineering manpower plan, and
integrated engineering schedule for time dependent relationships
between technical tasks. In addition, the Level VII product
verification test plan 1s initiated.

Product Assurance:

l. System Failure Mode Effect Analysis—--Goal: The
objective of the failure mode effect analysis 1s to reveal
design ipadequacies and to i1dentify shere corrective action is
needed. This analysis  focuses attention on potential
reliability, maintainability and safety problems and serves as
a starting point <for guantitive system reliability and safety
Analyses.

The analysis determines the effect of failure of identified
functions and components within the system for each failure
mode. Means of recognizing the failure and compensatory
provisions and procedures are identified. Order of probability
of occurrence of the event is assessed. 0Output of the analysis
1s a tabulation by function or component of factors associated
with its failure modes.

2. System TFault Hazard Analysis—--Goal: fThe objective of
the fault hazard analysis is to identify all hazards associated
with operation of the system and their safequards.

4 fault hazard analysis is a tabulation of the hazards
identified with operations of the system through each phase of

operation. Function, component, or operator faillures causing
the hazard are identified. Order of probability for each
combination of hazard producing evants is assessed.

Compensatory provisions and procedures are 1dentified.

3. Systenr Design Reliability/Safety Analyses--Goal:
Assessment of systea design configuration against the
reliabilaty and safety regunirements and allocations.

Fault tree simulation (REL-5), computerized Boolean
reliability analysis (REL-3} automatic reliabilaity mathematical
modeling (BEL-2), and CTS (EEL-14 and 41) are used <for studies
at this level. Program selection is dependent on problem and
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system complexaty and comparative factor selected for
evaluation.

4. Flight Control System Reliability/Safety Analysis—-
Goal: To assess the overall system from the standpoint of
reliability and safety.

Flight safety and reliability 1in all flight phases and
design conditions are studied. Fault tree (REL-5) analysis is
used for overall airplane flight safety assessment of the
control system.

Reliability studies within the £light control subsystens
are performed with the COHRA (REL-3), the AEME (REL-2) and CTS
(REL-14% ard 41) Programs.

5. Kajor Coaponent Specification Control Drawing
Beliapility, HMaintainability, Safety Eequirements--Goal: To
assure reliability, maintainabalaty, and safety regquirements for
functions and components are realized in the actual hardware.

Beliapility, maintaiasability and safety riequirements and
allocations, established i1n Level IV and used ir all assessmoenpt
analyses, are defined in the specification control drawings tor
all hardware. Contrabution to overall system unreliability of
major items 1s assessed as these component detail designs are
developed. Hanuwal calculations, CTS (REL-14 and 41) and COBRA
(REL-3) are primarily used for these component assessments.

5. Systen Desiga Maintainabilaty Analyses--Goal:
Assessmont of Systen design configuration against the
maintainability reguirements and allocations.

This assesswent 13 manual. It supports tnc Reliability and
vafety avalyses of Block V-1ll. Accessibility wi1ll be studied
and optimized through use of the computerized space aiTangement
mockup.

7. Airplane Systen Reliability and Maintainability
Evaluation--Goal: An evaluation ot the total system in the
operational environment to the level of definition available.

Simulation model {REL-1 or REL-4) wi1ll evailuate
interactions, major inrluerces, controlling parameters, special
features and characteristics affecting utilization, dispatch
reliability, maintenance and logistics facilities and costs.

Variables such as fleet size, Touts structure, schedules,
tlight time, and ground time are altered to assess cach changs
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in design and to evaluate strengths and veaknesses of each
airplane 1n operational environments.

8. Engine Change Capability--Goal: To determine
capability of engine change within a time interval compatible
with planned utilizatlomn.

A1l engine installations are assessed with regard to access
for both handling equipment and personnel, Disposition of
cowlinyg, associated and aintervening airplane structure, engimne
buildup (EBU) regquirements and compatibility with existing GSE
are considered.

Producibility _Review-—-Goal: To assure that the design
decislons are commensurate with cost effective fabracation and
assembly practices.

Producibility is a prime consideration duricg the design
solution phase. Affirmation by Gperations personnel is
essential before drawings are released. This activity is
initiated as soon as the design solution is selected.

The Computer Aided Design support group verifies that the
aerodynamic wing which is defined in the Geometry Control System
(DGL-2) can be redefined in the Master Dimensions Syster (DGL-4)
within the specified tolerance.

Propulsion—--Goal: Perform detailed desigr and analysis of
the propulsion system.

2 detailed design and analysis will be performed on all
major components of the propulsicn system to verify the
propulsion system confiquration. The network Block 1IV-1ba
activities are continued and will i1nclude further definition of
the nacelle mounting structure, systems interface, ainlet and
nozzle integration with acoustic materials and thrust reverser,
mechanical function 1ntegration, etc.

Stability and Control--Goal: To update the stability and
control low speed analysis and cruise contiguration lateral and
directional control effectiveness.

The 1tems that are examined include low speed stability and
control characteristics based on wind tunnel data that meet
criteria and the estimates made for the airplane in Level IV,
satisfactory control characteristics at high angles of atrack,
and lateral and directicnal control effectiveness for the cruise
configuration that meet the estimates made in Level TIV. Also,
the cruise configuration longitudinal stability and control, the
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control of engine failurgs, and £light simulation of critical
conditions are reviewed.

Stability and control analyses following the low speed wind
tunnel tests and cruise configuration wind tunnel tests
andertaken 1n Block V-10 are similar to Block V-6 which analyzed
cruise configuration conditions only. A basic aerodynanic
understanding of the configuration exists =upported by wind
tunpel data for Blocks V-5 and V-10. Aeroelastic data from
glocks IV-45 and IV-46 are used, with the rigid aerodynamics
data, to enable a range of conditions over the entire flight
envelope to be studied on the flight simulator for constraints
and problem areas such as engine failure. These musi he
identified and incorporated in the design before pioject go-
ahead 1n Level VI 1s commenced. $S&C-3, -4, -6, -12, -1l4, -17
Technical Prograwm Elemeunts enakble the basic aerodynamic
characteristics to be calculated. Handling qualities estimation
will use S&§C-19 which 1s a true piloted simulation. The piloted
simulation will <consider the current f£flight control systenm.
Pilott's flight displays and coatrollers will be representative
ot those planned for +the airplane. The sinulator tests wiil
also review the applicability of design criteria related to
tlying guralities, and devalop improvements where required.

Static__Loads-~-Generation of static loads it Level V uses
the same theories as an the lower levels. However, the quality
of +the input is retined (e.g., theoretical aerodynamics 1is
ceplaced by wind tunnel data then flight test data). The
coverdge o©f the airframe is extended to the entire structure,
rather than only the primary structure. Loads produced are such
that aetailed d2sign may be completed and the requirements of
the appropriate certificataon authority (e.g., I[AA, CARA) are net
together with any special Boeing reqguirements.

Loads on secondary structure (hagh 1lift devices, control
surtaces, fairings, doors, etc.) are calculated by band (the
methods are not presently amenable to computerization) using
data from a similar past configuration, past experience or wind
tunnel data for the "~ actual configuration. The format of the
loads may be anyswhere between a simple hinge moment to a full
pressure contour mape.

In adurtion, many studies are performed, such as definition
of fuel traasfer welghts, and definition of penalties vesulting
trom non-standard £light contigurations such as spare =ngine
carriage.

The ueotwork shown in fiqure 4.5 represents typical data

paths through a subsonic static 1loads analysis (e.g., £figure
4.2, Block IV-26). It should not be assuwed that a module shewn
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is executed only once per pass, is executed on every pass, or
the order of execution i1s fixed.

A majoraty of the load paths c¢an be broken into three
steps; 1) reduction of wind tunnel data, 2) calculation of the
load distribution and 3) selection of critical conditions. The
modules currently used to perform these tasks are described in
SL0-5 through -41. Tt should not be implied that modules will
be structured in this manner at the time of IPAL implementation.

Condition data is always 1input by a knowledgeable user.
The number of variables make automatic selection impracticable
at this time.

Structural Design—--Goal: Provade optimumn feasible design
solutions for all major structural components (wing, body,
empennage, hacelles and 1landing gear), and 1integrate these
components together will all other airplane sytems.

The design of each component and the w®major structural
joints which attach it to the rest of the airframe will be
defined in detail sufficient to preclude the possibility of
serious deficiencies later in the program. The depth of detail
studied will be commensurate with the conplexity of the proposed
solutions and will conpensate, along with appropriate structural
developnent tests (Block V-10), for any lack of service
axperience with innovative desigmns. Studies will include any
minor trades required to optimize the structure.

A typaical specimen of each structural element havaing
multiple usage will be designed as well as each_individual
unique element. Section breaks, Jjoints and splices, fasteners,
tolerances, finishes, matarial gauges and traim, attachments, and
vrotective coatings w1ll all be 1investigated 1i1n detail.
Manutfacturing methods for fabrication, assembly and installation
of each structural element and airplane component will be
considered in terns of produncibility, cost, weight and
durability. Provisions for equipment ana systems will be
i1ncorporated into the primary structure to minimize the effects
of space requirements and support hardwar=. All load conditions
anpd design criteria, as well as safety and certification
requirements will be accoummodated 1n the design at this level.

Specral Structural bDesign Considerations:
1. Body: Control cab windows, access doors and cutouts,

pressure shell integrity and fail safety, structural continuity
and compatibility with the wing and empennage.

106



2. Wing: Structural continuity and fail safety, fuel
containment, control surface installation and systeams equipment,
and integration with the body and landing gear. .

3. Empennage: Structural continuity and faill safety,
control surface installation and systens equlipment and
integration with the body.

U. Nacelles: Structural integrity, S€Irvice access
segments and integration with the engine and propulsion systen.

5. #Wing-Body Joint: The complexity of thais joint with its
requirencents for continuaty of load paths and compatibility of

deflectionr apd strain necessitates analytical medeling. Great
care and attention to detail in this airea at Level V 1s
mandatory. Other considsrations of @mdjor importance ars

fanrication, assembly and production sequencing of the airframe.
Fuel containment has significant influence on these decisions.

b. Structures—-System Interface: The systems-structure
rnterface would be defined 1n a computer mockup. This wounld not
replace the full scale mockups required in Level ¥I but 1t would
permit all systems runs and equipment envelopes to be readaly
defined early 1in the design precess so that structural designers
can provide access ard support as reguired with a minimum of
confusion. This mockup would be generated early, 1n Blocks III-
2 and TII-1¢, and input refired in Block IV-17 ana on through
Blocks V-11 and VI-3 to be retained 1n the data kbank throughout
the program.

The tasks required for this level are only briefly
discussed above. HMost of the structural design effort should he
accosplished at this stage. The praimary tool will be the
interactive design program DSA-S, which will be used in
conjurction with the appropriate design anralysis program and the
graphics program ADEL (BGL-T7). Examples of design analysas
programs for major structural elements are the Rody Frame Design
Program (DSA-6) ana the Floor Beam Design Program (DSA-7).

Pata 1nput willi be from DGL-2 and -3, GCS lLofting, DSi-1,
-2, -3 and -4, Structural Arrangement definitiors, and STR-3, -4
and -5 Structural Sizing for strength, fatigue and fail safety.

Detall sizes of the structural element (beam chords, shear
webs, etc.} would be optaimized duraing an initial runrn of the
design analysis program. The design engineer wculd modify the
detail sizes to suit localized constraints and desaign factors
for & *typical element. Comments concerning these moditications
to the optimized desaign would be stored in the data bank by the
desidner. These comments would be used by the staff personnel
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to understand the final design and by designers to incorporate
design dinnovations in new aircraft models. A firal run of the
des1ign program would optimize the desiqgqn of the structural
alement using data bank criteria and these last design
constraints made by the engineers.

The output of this task will be a <complete definition of
all structural elements and components necessary for the project
design to begin Level VI. All data and backup information will
be stored in the data bank for interactive design purpoeses.

Structural Sizing and Stress_ Analysis—-Goal: To provide
support for the Level V structural design {DSA-5, -6, -7, etc.)
it ipcludes detail stress analysis and 51zing of all
representative structural details, 1t also covers integration of
major structural components (e.g., sSolution of the wing body
joint) .

The sizing and analysis in this level will provaide the
first basis for detail designs suach as: Joints, fittings,
stringer configurations, body frames, bulkheads, spars, control
surfaces, ribs, attachments for landing gears, nacelles, control
surfaces, etc. The analysis will cover static strength,
Fatique, fracture mechanics, fail safe, and local optimization
¥ill take place. The optimization will be directed tcward 1tems
such as: stringer configuration and spacing, rib spdacing, frame
spacing, joint confiqurations and principles (STR-1 to -5). The
impact of new gages and flexaibilities will be established by
load recycling.

The analysis will also include areas influenced by
component integration such as, the wing body joaimnt, where +the
influence on load distribution due to component interaction will
pe established using finite element analysis (STE-7 to -13}.

System__Pesign--Goal: To continue definition of systenms
unt1l all design regquirements have heen i1dentified and until all
equipment items are identified as either existing or «can be
developed.

211 systems design activities are similar ain level V and
consist primarily of the following:

1. Detail installatiom layouts for equipment items are
drawn using conputer aided drafting practices {DGL-7,
-8 apd -9); the 1nterface with structure for mounting
provisions 1s entered in the structure data base, and
a space definition of the component is entered in the
computer mockup {DCA-3),
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2. System schewatic diagrams developed im Block IV-17 are
updated,

3. Initial schematic diagrams of the electrical c¢ircuits
for each system are developed and planning for
integration with the wire release system (STM-21) is
initiated,

4. Selection of existing %off-the-shelf™ eguipment is
completed and prelaminary procurement specifications
for new egquipment items are initiated.

5. The testing required to verify system performance is
initiated,

6. Maintenance plans for each system are initiated and
reliability goals are established.

Other system activities will occur at Level V, for example:
a steering and ground handling simnlation (STM-19) will be
conducted to develop additional design criteria for the landing
gear. Hydraulic system dymamic, sizing and thermal analyses are
conducted (STH¥-5, -6, -T). Brake sizing and landing gear
flotation analyses will be updated (ST¥-16, -17). Trade studies
will be conducted such as alterante APU locations (STH-9).

Weights _ (Type _D)--Goal: To calculate Type D weight,
balance, and loadability £for a configuration whkich has been
sized for strength, fatigue, flutter, arnd dynamic loads.

To acconplish this involves Techrical Program Elements
which do the following:

1. Execution of weights update control (HES-15) which
would re-execute only those portions of the weights
Techrnical Program Elements whose input had changed,

2. Update wing, body, and empannage mass elements based
on stress sized skins/stringer material refined by
locaul applicatiors of finite element structural
analysis (WIS-21),

3. Update of wing secondary structure mass elements (WIS~
18),

4, Update of body/empennage secondary structure mass
elements (WIS-19),

5. Update of landing gear mass elements (WIS-9),
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6. Update of nacelle and strut, propulsion, fixed
equipment, and standard and operational mass elements
which will require development of a new fTechnical
Program Element, ®18-23, +to accommodate a greater
level of detail, especially in the systems areas, than
18 available by using Technical Program Element HTFS—

10,
T Update of fuel mass elements (WT5-11),

8, Accumulation of mass elements within each structural
panel and the calculaticn of weight, centar of
gravity, and inertia for each structural panel and for
the wing, body, and empennage {(WT53-12),

9. Generation of a weight sStatement pattcrned after the
AN 9102-D format based on the previously updatea mass
elements {WIS-13),

10. Calcunlation of total airplane mass properties for
various points on the balance diagram and the
determination of updated panel mass properties for
recycling through the structural analyses (WTS5-14).

Block v-12. Estimate _Program_ _Costs--Goal: To provide
program management with initial program cost estimates.

Initial program cost estimates will include several
production quantities. Estimates of hours and dollars are
provided and detall cost elements by sectiomn and components of
the aairplane are summarized (FNC-2). An assessnert of the
production cost over a time period accounting for changes in the
marufacturing sSchedule for introduction ct new custonmer
configurations and the impact of derivatives ftrom the base model
is made (FNC-3). An estimate of return on investment and cash
flow by year is made ({(FNC-4).

Block_ V-12. Manufacturaing Review--Goal: To provide
Operations with advanced design data to complete the company
resources review and to prepare the Manufacturing Plan.

Operations must continue the program planning activities
started din Block IV-55. Based on itemized work statements, the
Make-or-Buy and Manufacturing Plans are developed. The sstimate
of available in-house resources is finalized.

Block _V-13. _Summarize and_Keviliew--Goal: Summary of all
design and analysis tasks, test results, etc.
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Review the design with associated program costs, marketing,
product assurance and nanufacturing requirements (Block v-12).
Identify if design and analysis tasks in Block V-1l aire
coordinated with the same technology level. Idenrtify neea for
further tests in Block V-10.

Block V-1l4. Recycle?--Goal: Man decision to recycle, or
not, the tasks of Blocks v-10 through V-12 (tests,
design/analysis, program costs) resulting from the summary and
review undertaken in Block V-13.

Block V-15. Copfiquration_Acceptable--Goal: Man decision
to review integrity of the technical design for a management
recommendation for product go-ahead.

Block _¥-16. Technical Review--Goal: Review by technical
conmittee on the action +o0 be taken following unacceptable
results for configuration (Block V-15), sales (Block V-138), firm
orders (Block Vv-19) and product gc-ahead (Block ¥-21).

Block V-17. _ ¥apagement__Revigw--A technical review 15
presented to management, based on engineering report 1im Blocks
V-13 and V-15.

The Program Management Office (PMO) and Manufacturing
participate in the Management Review and receive design
informatior whaich will support prelaiminary decisions. PMO nust
have assurance that +*the da2sign i1intent meets +the customer
reguirements. Manufacturing begins selection of sub-contractors
for lomg~lead "Buy" 1itens.

Block V—-18, Sales _Go-Ahead--This 1is @a major prograa
milestone. Management authorization i1s granted to proceed with
a4 sales effort.

Block V=-19. Firm Orders-—-This is a major program milestone
and supports a decision to recommend a product go-ahead to
management.

Block V-2Q. Hanagement Review--Goal: Review by management
of all sales activities which includes the market analysis,
airline interest, firm orders, program costs, etc.

Block _V-21. Product _Go-Ahead--This 1is a major progran
milestone. Hanagement authorizes go-ahead with product desigsn,
manufacture, verification and support.
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ORIGINAL PAGE &
4.2.3.6 Level VI - Product Detail Design OF POOR QU.

Level ¥I will begin when the declsion has been made to
commit the design to project status. This Level will be
dominant 1mr the group of 1IPAD Levels denoted as the Product
Levels (detail design, manafacture, verification and support
while in service). The activities of level VI will require
careful mahagement control. The design, analysis and testing
will be discussed by certain areas.

Block VI-1. Establish Preliminary Design/Product Interface——
Goal: To provide Program Maunagement, the Enhgireering Design
Project, Engineering Technology Staff Organizations, Finance,
Marketing and Manufacturing Operations with a consistent data
hase definitaion of the preliminary design configuration.

¥any preliminary design to product intertace activities
occur.,. The plans and scanedules required for prograr managedent
are finalized, i.e., the program plan, the engineering cost and
schedule plan, the design development and verification test
plans, customer support plan, etc. The data base detaal
configuration definitions are improved, for example:

The confiqgquration defainition 1is finmalized to include a
complete manufacturing-oriented master dimension defainition of
the loits (DGL-4}. The weight accountapility (Type D weights)
is revised as required for Engineeriny, Finance an.d
Manufacturing ({4TsS-22). The weights accountability has been
structured as follows:

1. To provide a meaningful defainition of the product in
terms of weight data and descraiptiosns,

2. To provide a meaningful weilght history for evaluation
of the final product design,

3. To proviae the flexibilaity to handle a variety of
design projects,

4. To provide a system which can i1nterface with the
previously executed wvweights analyses progranms,

5. To provide a system which is efficient 1n terms of:
d. Data and input, editing, and veraification
b. Internal data storage and manipulation
C. Output data report generation.

112



ORIGINAL PAGE Is
OF POOR QUALITY,

Block ¥I-2. Tests _{(Development}--Goal: To perform the
tests necessary to do the detail design of the product. This
does not include final verification testing.

The following tests are a conrtinuation of +the testing
conducted for Block V-10 and again are only a sacple of the
required testing.

Propulsion--Goal: Perform necessary tests to support
detailed design of the propulsion systen.

Tests performed will provide data +to support detailed
design of the propulsion system and 9ill include tests such as
inlet distortion, noise suppression, etc.

Structural Tests--Goal: This testaing 1s directed toward
subassemblies and its prime purpose 1is to correlate between
analytical and factual stress distribations.

This testing concerns itself mainly with structural
details, such as wing body -joints, cutouts (body doors, wing
access holes), areas of load redistribution {landing gear bean
attachments, control surface attachments, nacelle attachments,
empennage local concentration areas, bulkheads, etc.).

It constitutes a verification of the structural details for
which past experience 1s insufficient and provides data for
updating the structural sizing.

Systems_Tests—--Goal: To conduct development tests required
to verify that performance of cach system 1s as predicted or 1is
an acceptable deviation.

The following are two examples of flight control system
testing.

1. Control System Development Faxture (Iron Bird)--Goal:
Design and fabricate the test hardware and perform the control
system tests. £

The control system development fixture consists of £flight
quality control system hardvare attached to a boiler plate

simulation of the airplane. Geometry and local structural
stiffness are simulated. The fixture permits a complete
functional checkout of +the control systen. Alse, contiol

surface and actuator response tests may be performed. <Control
system analysis programs (FCS5-1 or FCS-2) and digital
simulations (FCS-8, FCS-9, PCS-10, or SEC-19) will be regquired
to interpret the test Tesults and assist with the conduction of
the tests.
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2. Control System Response Tests—--Goal: MHeasure controel
surface and sensor responses.

The flight control system design 1s dependent upon the
transter functions of the flight control componrents integrated
into the airplane. These tests will be performed upon a £1light
article, probably the same airplane which is used for the grocund
vibration +testing. The test procedure %ill be to run frequency
responses of the control surfaces. Measurements will be taken
of the control surface motion, flight control sensor outputs,
feedback saignal to the control surfaces, and various test
pickups mounted on the airplane structure. A variation of this
+test wi1ll be to increase the feedback gain untii an oscillatory
condition 13 Tealized. 1n either case, a mathematical model of
the airplane in the test configuration will be Tequired. The
mathematical =model will be adjusted and corrected to force
agreement with the test results. These adjustnents and
corrections wi1ill them be extended to the mathematical models of
the airplane in the flight configurations.

Wind Tunnel Tests--Goal: To provide configuration +testing
to Aimprove aerodynasic descraiption of the airplane, to 1mprove
areas of low 1lift, high drag, interference, etc., to support the
aerodynamic cleanup proyram, and to do final testing +to supply
aerodynamnic data to support performance guarantees.

Other goals are stability and control tests to solve
problems and uncertainties arising frowm analysis of Level V wind
tunnel tests, control surtace hinge moment ta2sting to establisa
£light «control actuator sizes with wore accuracy, extensive
control surface effectiveness testing,including ainterference
2ffects, for detailed control system design, detairled pressure
model testing for loads evaluation, and wind tunnel flutter
mod=l +testing to ceonfirm and complement analytical flutter
predictions of Levels V and VI and to verify the control systen
stability wargins 1t a flutter suppression system 1s employed.

Analytical flutter predictions made in Levels V and VI are
verified and complemented with 2xtensive wind tunnel testing to
provide substantiating information partacularly 1in the areas
where structurai and agrodynamic uncertainties exist.
Dynamically scaled Eflutter models of the airplane and its
cosponents are tested in low speed and transonic wind tunnels.

In the low speed tests, +the flutter characteristics and
critical flutter speeds of the primary surfaces of the airplane
and the semsitivity of flutter +to various desigrn parameters will
be determined. In the +transonic tests, the Mach effects
{especially +the high subsonic region) on the coverall airplane
flutter and the buzz characteristics of the control surfaces
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will be determined. If a £flutter suppression system is
regquired, the flutter model test shall verify the control systenm
stability margins. The test wi1ill compare experimental gain
margin, phase margin, and gain peaking with theoretical results.
The control systems analysis program of PCS-1 will be used to
predict the stability margins of the model. Finally, system
talloring tests such as APU and air comditioning inlets, pitot
static provisions, etc., will be done.

Block VI-3. pDesign/Analysis-—-Goal: To perform the design
and analysis tasks necessary for the detailed design of all the
parts.

The activities of the different technical disciplines will
be summarized. In addition to the items discussed below,
interactive graphics will be extensively used for detailed parts
design. The lofting Technical Program Elements will be coupled
with +the various design and analysis Technical Program Elements
to support this design.

Acrodynamics/Performance--a11 of the design and analysis
elements available within acerodynamics will be used at this
Level. ARO-1 to -6 and -17 will be used for detailed waing,
body, enmnpennage, nacelle and pylon design and analysis for both
wind tunnel models and the production configurations.

Automated DParts Release _ (APR)-—-Goal: To control the
listing and release of parts information to Manufacturing.

The Automated Parts Release System is a related set of
computer programs which produce new and revised part cards and
assembly lasts from data supplied by the Engineering and
Manufacturing Departments. The part and assembly information is
paintained on two separate master files, one containing
2ngineering or configuration data and the other contairing
manufacturing or production data. Each of the two master files
is wupdated by a separate computer program using a distinct set
of 1nput transactions, one primarily fror engineering sources,
the other entirely from manufacturing sources. Information from
the two master files is collated by a report generator system to
produce printed part cards and assembly 1lists and also to
provide a record containing transactions for direct input to the
Manufacturing Department's program.

A change 1n the usage of an assenbly imglies a
corresponding change 1m component parts of the assembly. The
APR System 4is design to effect these implied changes
automatically. To accomplish all implied changes in one pass
through the paster file, it is required that every component of
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every assembly be located in the file beyond the assenblies of
which it is a cowponent.

The concept of level {not the IPAD Levels) is used to maka
this ordering of parts possible. The master or top drawing for
the airplane model 1s at level 1. All drawings that reference
the top drawing as their "used-on-drawing" are at level 2.

This relationship between a part (detail, assenmbly,
installation, drawing) and 1ts used-on part continues down to
detail parts. The lower the level the greater the magnitude of
the level number.

Fhen a part 1s uged on more than cone assembly, and 1f these
assemblies are at different levels, the part is assigned a level
one greater than the used-on assembly with the largest level
number. About 15 1levels are required for an airplane master
file. The level numbers are assigned by the computer progran,
and do not appear on any ainput transactions. The engineering
master file 1s arranged in level number order, and within each
level a1n part number order. The master tecord for each part on
the engireering file indicates all usages o¢f the part, both
active and cancelled, and all components of the part, unless 1t
1s a detail parrt.

The level concept does not apply to the mawufacturing file.
It is arranged completely in part number order. There are
eptries din this file for =ach active part, and for each active
usage of the part for which distinct wmanutacturing information
is supplied.

Dynamic__Loads——All of the dynamic loads analyses performed
1n Levels IV and V will be repeated in Levels VI using the same
theories and programs but with refined input data as 1t beccmes
available.

Input data is refined by employing wind tunnel data, flight
test data, and ground vibration test data corrections to the
theoretical data. The guality of the analysis is improved by
increasing tne number of elastic modes and eaploying residual
stiffness in the analysis 1n conjunction with the refined data.

In addition, many smaller design problems will be solved as
the neced arises. These problems are difficult te [predict in
advance but will pe of the +ype such as changing nacelle
flexability to lower wing-nacelle attachment loads.

Flight Control System _Synthesis_ _and Apalysais--Goal: To
complete definition of the flight control systenm.
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The work of Level V will be continued. However, the detail
will be sufficient for finmal drawing release. The computational
activity will be similar to Block V-11, the computer prograams of
FCS-1 through PFCS-11 and SEC-19 wWill be used. Specializations
of the foregoing 1ist of programs may be Teguired. These
changes may bhe temporary (one shot) or may result ia the
definition of a new computer program which is valid focr only cne
airplane. Also, additional computer progranms aTre vTequired to
solve =specific problems which are pertiment tc the particular
airplane project.

Flight Simulator-—-Goal: Provide a simulation of the
airplane in flight.

The fixed base simulation will be =similar to the work
performed in Block V-11. However, as +tipe progresses, pore
detail is introduced.

The effects motion produces upon the pilot will be measured
by use of a moving base simulator. That simolation will be
performed 3in a different facility than the fixed base
simulation. Discrete gusts, wind shears, random turbulence,
failures, and pilot input provide the excitation to drive the
cab. The praimary result of the sipulator study is the pilot
rating changes produced by motion.

Flutter--Goal: Perform flutter analysis to support detail

The flutter work of Level V will be continued. However,
the detail will be sufficient for final drasing release. The
computational activaity and conputer proygrass used will be the
same as level V. Additional computer programs may be required
to solve specific problems which are pertainent to the particular
airplane project. If uncertainties of theoretical predictioans
exist, they will be Tesolved experimentally.

Plans and Schedules--Goal: To provide Program #Hanagement,
Operations, Marketing, and Finamce with plans and scheduling
information.

The Block V=10 ostimates of +the engineering Telease
schedule and manpowar plan, the product development/verification
test plans and the wmanufacturing schedule are updated.
Identafication of craitical schedule 1tems such as forgings,
nockups, etc., 1s continued.

An inteqgrated engineering schedule 1s i1nitiated to 1dentify

and define the schedule relationships between the technical
tasks to be performed by the various design project groups and
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the technology staff groups during the fipnal design process in
Level VI. The purpose 1s to assure schedule integration between
these tasks which are highly interdependent in terms of
technical data availabirlaity and timely performance of design and
technical tasks rTelative to data. The integrated engineering
schedule {5) sets forth the major milestopnes which represent the
following schedule dependancies:

1. Design project group schedule reguirements for key
interface design data from another dJesign project
group upon whicn their effort is derendent,

2. besign project group sSchedule regquitements for key
technical data Lrom a technology staff dascapline
group upon which their design effort 1s dependent,

3. Technology stafi disciplin= group schedule
requirenents for key design data frop a design project
group upon which thelir technical tasks are dependent,

4. Technology staff disciplane group schedule
requirements for key technical data from another
technology staff discipline group upon which their
technical tasks are dependent.

Product Assurapce:

1. Airplane System Detail Desagn Reliabilaity Safety
Analyses--Goal: To incorporate additional design detail into the
Level V reliability arnd safety analyses and to revise and update
Level V system simulation models with new data from Level VI
design effort. Fault tree simulations (BREL-5), ARMM ({REL-2),
COGBRA (REL-3) and CT5 (REL-1# and 41) models will be updated as
reguired to assess impact of Level VI additional design detail.
Re-allocations as required will be 1dentified.

2. System Design Baintainability Analyses--Goal:
Assessment of system design configuration against the
mai1ntainability requiremants and allocations.

This assessment is manual, Tt supports the Reliability and
jafety analyses of VI-3. Accessibaility will be studied and
optimized tnrough wuse2 of the computerized space arrangement
mockup.

3. Component Specification Control Drawirg Reliability,
Maintainabilaty, Safety PRegquirements--Goal: to assure that
reliability, maintainability, and safety Legquirements for
functions and components are realized in the actual hardware.
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Reliability, maintainability, and safety reguiresents and
allocations, established in Level IV and used in all assessment
analyses, are defined in the specification control dravings for
all hardware. Contribution to overall system unreliability of
components 18 assessed as these component detail designs are
developed. Manual calculations, CTS {REL-14 and -41) and COBRA
(REL-3) are primarily used for these component assessments.

4, Airplane Systen Reliabilaty and Kaintainability
Evaluation--Goal: An evaluation of the total system in the
pperational environment.

Simulation modeal (REL-1 or REL-4} will evaluate
interactions, major influences, controlling parameters, special
features and characteristics affecting wutilization, dispatch
reliability, maintenance and logistics facilities and costs.

Variables such as fleet size, route structure, schedules,
flight time, and ground time are altered to assess each chanye
in design and to evaluate strengths and weaknesses of each
airplane an the operational environment.

Propulsion--Goal: To complete final design and development
of the propulsion systen.

The Level V activities are continued to complete design and
integration of the nacelles and mounting sitructures. The
techniques and activities described in the following sections of
"sStructural Desagn” and "Systems Design" are applicable to the
propulsion systen.

Stability and__Control--Goal: To conplete all airplane
stabality and control analysis, control interference eftects,
thrust reverser effects and unusual configuration effects, to
analyze all wind tunnel testing, to size actuators from coatrol
surface wind tunael tests in Block VI-2, to do detailed control
surface effectiveness analyses to assist control system design,
to do flight simulation of all design conditions incliuding
failures, turbulepce and gust effects.

This Level 4is the product detail desagn phase where
analyses are aimed at achievaing a total practical aairplane
control system and SAS desigh in conjunction with as complete as
possible understanding of the basic flyaing qualitites of the
configuration. Wind tunnnel tests im Block VI-2Z2 will &not only
update previous wind tunnel data of Level V but will provide an
extensive range of aerodynawic data rfor all possible control
surface applications, high 1i1ft application, speed brakes,
landing gear, thTust reversers, etc. Aerodynamic
characteraistics will be calculated £rom wind turnel data in
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Program Elements sgc-3, -4, -6, -—-12, -1l4, -17. Aercelastic
corrections will originate from structural 1load analyses
undertaken in Block ¥-11. Control surface actuators will be
resiZzed using 7Tigid hinge moment data fromp wind tunnel tests
Block VI-2 and with aeroceldstic corrections obtained from
structuaral load analyses in Bleock V-11. Actuator rate
requirements will be specified from the f£flight simulator tests
undertaken 1in Block V-11, and further saimulator testing an this

Level VI, Piloted simulation will be extensive and will
incorporate the current flight comtrol system. Pilot displays
and contrellers will be representative of the airplane. An

assessment of <flight control system effects, gearings, rates,
etc., on handling qualities will be made i1n conjunction with the
assessment of failure modes (nechanical, hydraulic, engine
thrust, etc.). Models to simulate discrete gqusts and turbulence
will be ircorporated ip the flight simulation.

Static loads--Generation of static lodds in Level VI uses
the same theories as in the lower levels. However, the quality
of the 1input 1is refined (e.g., theoretical aercdynamics is
replaced by wind tunnel data then flight test data). The
coverage o¢f the airframe is extended to the entire structure,
rather than only the primary structure. Loads produced are such
that detailed design may be completed and the requirements of
the appropriate certification auwthority (e.g., FAA, CAA) are met
together with any special Boeing requirements.

Loads on secondary structure (high lift devices, control
surtaces, fairings, doors, etc.) are calculated by hand (the
methods are not presently amenable to computerization) using
data from a similar past configuration, past experience or wind
tunnel data for the actual configuration. The format of the
loads may be anywhere between a simple hinge moment to a full
pressure contour map.

In addition, many studies are performeu within the Loads
Organization (e.g9., defainiticn of fuel transfer welghts,
definition of peralties resulting from non-standard flight
configurations such as spare engine carriage), the output of
which may not be passed to other technologies.

The network shown 11n figure 4.5 (page 105) Iepresents
typical data paths through a subsonic static loads analysis. It
should not bc assumed that a module shown 1s executed only once
per pass, 13 e2Xecuted on every pass or that the order of
execution 1s fixed.

A majority of the load paths <can be broken into three

steps; 1) reduction of wind tunnel data, 2) calculation of the
load.distribution and 3) selection of critical conditions to be
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passed to the Stress Organization. The modules currently used
to perform these tasks are described in SLO-5 through #1. It
should not be implied that modules will be structured i1n this
manner at the time of IPAD implementation.

Condition data is always input by a knowledgeable user.
The number of variables make automatic selection impracticable
at this time.

Structural Design-—-Goal: Expand and refine the structural
design as defined in Block V¥-11 1into a completely detailed
engineering package. This package would consist priparily of
data filed in the computer data bank, but could also include any
desired hard copy such as engineering drawings, documents,
specifications, or reports.

It is intended that no new structure design definition be
accomplished at Block VI-3, only expansion and refinement of
solutions and concepts of Block V-11l. It is here that the real
capabllities of the computer can be untilized +to provaide
efficiency in the design process. The design definition of a
single body frame, floor beam or wing rib from Block V-1l can be
repeated almost instantly 2, 4, or even 50 times. It can bhe
readily modified +to accomnodate any number of cptional,
alternate, or special cases of similar concept. These special
cases would include exceptional geometric or spatial lim:tations
on the structure, unusual macufacturing or assembly conditions,
or differing sealing 0T system to structure 1nterface
requirements. Only the incremental change in the design would
regquire study while the data base would retain, instantly
available, the remaining part of the design. Such a concept
would be especially valuable for an area ruled body. Every
frame would be similar irn concept but cf different diameter with
varying stranger pitch. In like manrer all floor beams would be
of different length. The problem of retaining and utilizing
such information is particularly well suited to the computer.

The systems to structure interface would be refined in the
computer mockup identified in Block V-11, but a full scale Class
I1TI mockup would alsc be necessary and will be defined in Block
Vi-4.

6reat efficiencies would be derived from both the speed and
accuracy of data transfer between the men and machines in the
interactive design process. Iz addition, with fewer peogle
involved the management can be more concerned with technical
considerations and less with manpower. Hopefully, the peak on
the engineering manpower mountain presently necessary in product
detail design can be rTedoced because of a more thorough
preparation in Block V-1l and the improved design efficiency of
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the interactive tool DSA-5 and the design analysis programs DSA-
6 and on.

211 of the design comsideratioms, criteria and constraints
of Block III-12, IV-284a, and V-1l will continue to influence the
design process at this Level. Great attention to fine detail
will be mandatory to complete the design package. A1l
fabrication and installation requirements <for every part and
assenbly must be determined during Level VI. These requirements
include hardware nmaterzal, heat <treatment, gecmetry, fit-up
tolerance with adjacent parts, fastener specing and location,
surface finish, and protective coating requirements.

One possible bensf1it of the use of IPAD will be

identification and control of parts. This control and
1dentification would begin with part numbering ard automated
parts releuse at Level VI. Hanufacturing and paterial

visibility of +these parts begins at this poirt. PRaw material
orders, NC programming and large tool plaprning would all use the
data base inputs made at this level. A mpost important aspect 1s
that the engineering would at this point be in a form accessible
and acceptable to operations without requiraing conversion for
automated fabrication techniques.

Structural Sizing and Stress _Analysis—--Goal: The objective
of this task is to perform stress analysis and sizing of
individual components ({(1.2., identify and size each individual
body frame and all other detail parts}, in other words, increase
the refinement from representative to individual designs (D5A-5,
-6, =7, etc.).

This si1zing and analysis covers all design details, so
parts are analyzed and sized 1ndividually. The structural
idealization 1s refined and the interpal load distribution is
calculated for the dJdetailed area and stiffness properties
obtained from the indivadual sizing.

Test results from Level V as well as VI are used to correct
theoretical rgesults. The corrections should be applied to both
irnternal and external loads, such as azirloads on control
surfaces.

The sizing of the conponents ard subasssenmblies are bhased
on the same considerations as in Level V, however, gqualitatively
this is going *o Tesult 1in more accurate welghts and
daistrabutions as the internal loads are based on more Yaccurate®
internal loads distraibutions which furthermore are updated with
respect to Level V test results.
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Parallel activities will include finite element
idealization of 1local areas, such as wing-body joint, access
doors in lower wing skins, door cutouts in +the fuselage skin,
etc., (STR-7 to -13)., These results will be used for comparison
with test results and after correlation serve as a basis for the
sizing of the respective components and subassemblies.

Systenm Design—--Goal: To complete final design and
developmnent of all systenms.

Continue Level V activities and complete the following
additional activities.

1. Identify all hardware required and release preliminary
information to the mockup. Finalize and release
design of detailed parts and installation information.

2. Finalize and release procurempent specifications for
new equlipment jtems.

3. Finalaize and release maintenance information including
the following.

a. a system schematic d:agran with system
maintenance requirements noted. The system "new
condition®” operational limits are identified for
the mpanufacturer's functional test requirements.
In addition, the system Main service" nminimun
acceptable operational limits are established for
the operator's functional test requirements to
allow for normal deterioration.

b. A component maintenance data sheet for all
components of maintenance significance. This
data sheet contains information on accessibility,
servicing, test and inspection, and removal and
replacement., The following information is
astablished for each component:

(1) Test Provisions: self test or test-in-place.

{2) The component removal basis in one of three
categories: ({a) Time-controlled components
with predictable wear-out rates which will
be removed and replaced in accordance with
the scheduled time between overhauls (TBO);
(b} Condition-controlled components which
can continue to operate until ianspection and
tests (made without removal or tear-down)
indicate +the part 1s no longer airworthy.
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This category 1s generally related to parts
which fail or wear out gradually; (c)
Failure~-controlled components which can
continue 1in service until failure. This
category is generally related to parts which
fail abruptly and thear failure does not
impose any hazard.

C. Procurement specifications: Each procurement
specification contains a maintainability
requirement to meet the intent of b. (1) and b. (2)
above, and a test to prove satisfactory operation
at a specified deteriorated performance levei.

4. Finalige and release schematic diagrams  of the
electrical circuits and develop integration with the
wire release system (STH-22}.

Neights (Type E)--Goal: To provide the Staff, Project,
Finance and Manvfacturing organizations the current status of
the confiquration's definition in terms of weight and weight
related items in a form which 1s meaningful to each recipient.

The weight data are based on calculations from released
engineering drawing by part and actual part weights. A first
attempt to provide this capability 1s c¢ontained in Technacal
Program Element HTS-22.

Wire_ Release System--This is a typical packaged part design
process with the goal to define, 1integrate and control all
wiring in the airplane.

The Wire Release System 15 a composite ot approximately 80

programs. Its primary data base consists of a wire masterfile,
an eguipment masterfile, and a £f£i1le containing production
information {primarily from planning and mockup inputs).

Several smpaller files provide specialized information to be
merged with the primary data on various output reports (STN-22).

The major output reports are used in the following ways.
1. Engaineering
a. Input of wire and equigment to data files.

b. Verification of agreement between data files and
wiring diagrams,

c. Reference information for configuration of any
airplane.
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2. Mockup

a. Input of wire lengths and subassembly groupings.

b. Reference information from which formboards and
produaction illustration {p.I.) drawings aTe
produced.

3. Planning

a. Input assembly sequencing information.

b. Issue production orders for every bundle
required.

4. Materiral
H. Purchase wire, connectors, etc.

5. Manufacturing

a. Cut and mark wire.
b. Preassenble connectors
Ce Assemnble bundles

d. Test bundles

e. Connect bundles together after 21anstallation in
airfranme.

6. Customer Airlines

a. Maintenance

b. Identifzication of spare wircs

C. Identification of bundles and equipment for
ordering spares.

d. Input of information on post-delaivery
modificatiouns.

Program Descriptions:

Manufactauring Plan (Includes Bundle Eguipment List}~--This
program provides a report containing production information, how
many to build, what parts are wused, where to 1install the
bundles, sequence of asseably. Some engineeraing 1laput 1S
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required, but most of this data originates with mockup or
planning.

Mirg _list--This program 1lists each wire in every bundle. It
shows information as wire number, termination {both ends), size,
length, color, type, assembly sequence, and references the
wiring diagram which shows the wire.

Equipment Lisg--This program shows part number, description,

next assenbly, reference wiring diagram, etc., for each
equipmernt items number used.

The three programs above are the heart of the Wire Release
System. Their master-files record the detail configuration for
every airplane of a nodel series, and are updated with any
frequency desired {usually 3 times per week). The other files
in  the data base contain informatiom of general applicability
rather than specific data for individual airplanes. A1l other
reports 1in the Wire Relecase System are fderived" reports; that
is, derived from tne data supplied by the three major programs
and the several smaller data files or tables with po additional
input of information.

Shop Aid reports include the following:

Assembly connection list--1s a report showing how long to cut
@ach wire, from what wire type and size to cut it, how to mark
1t, and how to conmect it. A separate list is issued for each
group of wires within a bundle.

Plug_maps-~are physical layouts of connector insert arrangenents
with the wire number for each pin printed immediately below the
pin number.

Formboard list~-is similar tc +the assembly connection 1list
2¥xcept that it is sorted by equipment item number rather than
wire number to enable the worker to finish ore item befors
starting another.

Yapufacturing plan--is basically the same as used by ergineering
except that part numbers for all equipment items are added by
the computer from the equipment file.

Other HManufacturing Reports Are:

Part Bequisition Cards are used to 1ssue parts and serve as
nateriel records.

Bundle _Assembly Tags control the routing of bundles in the
proper sequence through the production line.
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Datex cards supplement the assembly connection laist Zfor those
wires which can be machine cut and coded.

Hire _Identification Tapes provide wrap-arocund identifaication
tags for those wires which cannot be machine coded.

Automatic_Wire Tester cards are used for automated testing of
completed wire bundles.

Bundle _Sequence _List provides planning sith a complete list of
bundles reguired for an airplane, sorted in production Sequence.

Hook-up Charts provide final assembly workers with hocok-up
information reguired at the time bundles are ipstalled in the
alrframe.

Other Non-danufacturing Reports include:

Diagram Check List 1s an extract of the wire ifile, sorted by
wiring diagram. It is used to check compatibility hetween the
data hase and the wiring diagrams.

Equipment Check List is analogous to the Diagram Check List but
1s extracted from the equipment file.

Wire Copmpara List shows only the differences betvween any two
airplanes of thes same model.

Part Nusber Summary is an extract of the eguipment file sorted
Dy part nukber.

Bundlie Assembly Index shows which bundles are used on what
airplanes.

Diagram Eguipment List part of the Diagram Nawvual Report (DHR)
is an equipment list for one custorer only and 1s sent to the
airlipe for maintenance information as part of the W®iring
Diayranm flanual. Diagram Manual PReports are available to
customer airlines on nard copy, punched cards, magnetic tapo, or
microfilm at the customer's option.

Diagram_Wire List (Part of DMR) 1s a full wire listing for all
pundles for one customer block.

Hook-up _Charts, 6round List, Splice List, Terminal List aro all
patt of the DHR and give hocock-up 1information for various
equipment 1tens.
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Wire Quantity Report gives Hateriel informaticn on how much wire
of each type and size 1is required per airplane. Total wire
weight per airplane can also be obtained from this prograsm.

Block VI-4, Manufacturing Review-—-Goal: To monitor
schedule sensitive item releases from Engineering to assure that
manufacturing activities can be responsive.

Operations rtefine manufacturing plans and make inputs to
manufacturing computer systems for part card coding, detail and
subassembly orders, and major assembly and installation paper.
Engineering changes are scheduled and unit SequEncing
accomplished.

Engineering releases are ponitored per the Document
Industrial Engineering (DIE) and manufacturing schedules
adjusted for late releases. Manufacturing assemblies, and
detail deviations are 1dentified for facility of production.
These become inputs to the manufacturing systems, but do not
exist in the end product.

There 1s a continuous interaction between Engineering and
Operations as the part dravings are released. There must be
quick response by Engineering to design change requests that are
based on improved cost and schedule assumpticons. Many requests
are 1nitiated on the basis of problems encountered on the Class
IIT manufacturing mockup network Block VI-4. Where possible,
changes are 1ncorporated in the ainitial releases.

Block_ _VI-4. Mockup-—-Goal: To provide the mockup planning
department with information to develop the required engineering
and manufacturing mockups and to produce production illustration
dra¥ings.

Engipeering Mockup~-Preliminary information and drawings
4re used to construct .the engineering mockups. Class I mockups
provide approximatc information of the airplane structure and
are used to evaluate full scale integrated space and arrangenment
concepts of the airplane. Class II mockups provide more detail
of the ajirplane structure and are used to evaluate full scale
structure and component installation concepts. These mockups
include moving parts where required and provide fipal checkout
information for the integrated enginsering evaluation.

Manpfacturing Wockup-—-Final engireering drawings are used
to construct the <Class III manufacturing mockup. This mockup
represents the exact production airplane structure made from
final engineering information and is used for engipneering and
manufacturing evaluation of the 1integrated airplane structure
and systems. The Class IIT mockup is used to develop tubing,
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wiring, thermal and acoustic lining, and other parts which do
not require detail information from engineering.

Banufacturing prepares production illustrations {PI1
drawings) which are c¢o-signed by engineering. These are
perspective views of wiring, systemr component and tubing
1astallations in the manufacturing Class III m@mockup. These
drawings provide installation irformation +to manufacturing.
Computer-aided design support can provide views of the structure
to which the details are added manuwally. These are updated as
the result of design changes.

Block__VI-5. Summarize apnd Review-—Goal: To summarize and
review the detailed part design process by use of the management
i1ntformation system {NIS-1, -2 and -3).

4.2.3.7 Level VII -~ Product Manufacture

The goal of Level ¥II is to build tne product. This level
appears by definition at the end of Level VI. The IPAD system
will i1nterface waith manufacturing, to the extent required +to
cause the product "as designed"™ to be built.

Bilock yIr-1. Hanufacturaing --6Goal {1): Frovide a
manufacturing process to build the end product to fulfil the
engineering specifications and assure that +the ‘“as built®
configuration matches the "as designed” confaiguration.

The manufacturing process utilizes extensive computer
systems to produce shop paper, collect cost data, report
execptions, and record configuration. Nuperical contrtol
fabrication depends on a large general purpose computer ard the
status of tools is reported by means of a computer program. For
example, the design, planning and fabrication of wire bundles
are controlled by a computer system (Wire Release System SThE-
22) . The complexity of the process 1s controlled by a series of
checks and re~checks, both manual and automated, with decision
making data available to management as a by-product. The final
check by Qualaity Control 1s a match of the Yas built" data base
against the "as designed” data base.

To further amplify this example, the Wire Release Systen
provides manufacturing with reports designed to assist
production as follows (STH-22):

1. Fapbricating bundles (Cutting wire, markimg it, in-

stalling connectors, grouping and
tying wire into bundles),
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2. Testing bundles (Using card controlled RAutomatic
Test Eguipment),

3. Installing bundles {ttaking coanections between bundles
after bundles are installed in the
airframe).

The only information required for the above steps not
supplied by the Wire Belease System is conteined 1n standardized
assembly procedures, formboard drawings {sub-assembly level} and
production illustration drawings (final assembly level).

Goal (2): To provide engineciing liaison to aanufacturing
for rapid ongineering response to manufacturaing design change
requests that are the result of fabrication difficulties.

There are design discrepancies that affect producibilaty
and are not apparent until the actual fabrication, assembly, or
installation is attempted 1n the factory. When problems arise,
there must ba a fast response by engineering to the
manufacturing request for a design change, in order that +the
matter be resolved with +the 1least possible delay in the
production process. The liaison activity provides the response
and also feeds the information to the parent organization to
assure that the affected design media are corrected.

Block VII-2. Production Problem Requiring Redesign?-—Goal:
To provide a process by which required design changes are nade
known to the engineering design project. These changes are of
the type which cannot be made by the engineering liaison
organization supporting the manufacturing effort.

Block VII-3. Extract Configuration Accountabilityv--Goal:
Proviae configuration accountability and cost data by airplane
unit.

Throughout the manufacturing process, production events are
occurring which deviate from the HManufacturing Plan. These
include shortages, out-of-sequence rework, 1emove and replace
operations, retrofit kit installations, etc. The interaction of
.the fabrication process with (Quality Assurance assures that
records are maintained to provide configuratios accountability
for each aairplame unit. The data base is updatea on a daily
basis. Other parameters that are maintained i1n the data base
are part and labor costs, part weights, and overhead costs.
Various reports, both scheduled and requested, are compiled
using elements from the data base and the management information
system (MIS-2 and -3), For example, the Hire Release Systen
(5111-22) provides reports containing the amount of wire in an
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airplane, by type and gage, its weight, and a listing of all
electrical and electronic equipment items.

The Standardized Weight Record System ({WTS-22) provides
del1ght and balance data and welght related data such as
cost/weight and weight c¢hange resulting from contiguration
changes.

4.2.3.8 Level VIII - Product Verification

The goal of Level VI1I is %o verify the safety and
performance of the product, This will be achieved by tests most
likely outside the TIPAD mans/machine environment, but the results
w1ll be recorded by the IPAD data base managepent systen.

Block VIII-1l. airframe _Testing--Goal: To verify the
static strength and fatigue 1life of +the airframe and that
certification standards and requirements have been nmet.

This testing is destructive full scale testing of primary
structure and the verification relates to ultimate locads and
predicted £fatigue life. There is, however, a secondary
objective, mainly of data collection character. The tests will
be designed 21n such a mamner that strain and deflection
measurements can be used for inferences regarding plasticity
effects and influences on internal load distraibution, shear lagqg,
stiffness characteristics (lLocal as well as gross).

The results will be used for apdating 2interrnal loads
distributions and establishing airplane growth potential and/or
improvements. Finally, these results will be incorporated in
the data base for future reference and predicticas.

These tests wi1ill pe supported by reliability and safety
assessments (REL-6, -8, -9, -13).

Block ¥III-2. Flight and Ground Testing--Goal: To conduct
tests with a flight-capable airplane to verify flight and ground

performance and safety. These are discussed Ifor several
technologaes.
Aerodynamics--Goal: To <cerify the performance guarahtees

and regqgulations.

Proof o©f guarantees and federal safet& requirenents
reguires extensive f£light tests. Aerodynamics will in the maan
be concerned with measuring flight quantities +that relate to
performance. The low speed 1ift capability 1s determined. The
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cruise fuel consumption, which in turn implies drag 1levels, 1is
neasured. Buffet and stall conditions are mapped.

The data takeh during these f£lights w1ll be reducad and
placed in the IPAD data bank. Tnis will facilitate the writing
of manuals and documents supporting the measured performance.

Ground Vibration_ _Tasting--Goal: Verify the theoretically
predicted vibratory characteraistics ot the airplane. Provide
information on structural properties of the real airplane, which
may serve as basis for improved final aercelastic calculations
before the first flight.

The manufactured airplane will go through an extensive
ground vibration test to obtain the natural mode shapes and
trequencies for compariscn with the flutter model and
theoretical modal data uscd in determaining the flutter
characteristics. The dynamic characteristics of the control
syste® will 4lso be determined by test. The generalized masses,
natural fregquencies aad damping characteristics associated with
the natural modes of the airplane should be determined for use
in verifying analytical flutter prediction.

Flight_ Control System~—Goal: To demonstrate f£light control
systen characteristics.

Flight tests are performed +to verify the klaight centrol
system design. Note that the ground roll portion of tests to
demonstrate an autoland system will be performed at this time.
The tests are primarily transient response and the simulaticns
of FC5-8, FCS5-9, FCS-10, and 56C-19 may be used to correlate the
experimental rasults with theoretical results. Frequency
response testing may also be used. Hence, the computer programs
FCS5-1 and FCS-2 wall be activated. Flaght test data reduction
1s a highly specialized field. Therefore, the data reduction
computer programs will probably operate 1n a stand-alone mocde.
after test data has been reduced into a useful form by the data
reduction programs, salected portions of the results will bhe
transmitted to the IPAD data banmnk.

Flight _Fiutter Testing-—-Goal: To ensure that the airplane
13 free from flutter throughout the design flight envelope.

Full scale flight flutter tests are conducted to ensure
that the operational airplane will be safe from flutter and to
determine the subcritical response characteristics of the

aiCcplane. In these tests dynamic axcitation 1s applied while
the airplane 1is flown at constant speed and altitude while the
Irssonance nodes ars excited. The recorded responses are

analyzed to give resonance frequencies and decay data before the
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test is repeated at higher speeds. Test speed 1is increased, for
a range of altitudes, until the whole design flight regime is
shown to be safe or until an incipient flutter condition 1is
discovered.

If a flutter suppression system is required, the <flight
flutter tests will verify the control system stability margias.
The procedure is similar to the procedure followed in the wind
tunnel flutter model tests (design network Block VI-Z).

Propulsion--Goal: To establish the performance of the

propulsion systeam.

The noise characteristics will be nmeasured, and the
installed engine characteristics will be determined. Engine
operating limits will be described, and fuel usage will be
neasured. The effectiveness of the thrust reversers will be
denonstrated.

Reliability Assessment--Goal: To assure adequacy of the
flaght and ground testing from the standpoint of reliakbilaity and
safety.

A review of the Flight amnd Ground Test Plan praior to
testing and review and analysis of test data 1s performed.

This assessment 1s manual for pre—-test review. Test data
reductions will be by REL-6, REL-8, REL-9, REL-13.

Stabilaity and _Coatrol-—-Goal: To certify the H£lying
gqualities of the airplane to meet appropriate regulations for
desirable, hkandlang gualities, for normal and foresesalle
abnormal failure conditions, require extensaive flight testing to
meet requirements for the Federal Aviation Adeministration and
possiblie other authorities such as the British RAir Regastration
Board.

Stability and control are concerned with measuring iflight
behavior and the corrclation with estimated characterastics and
the registration reguirements. 2iso of 1mportance 1in these
tests are those characteristics which affect the performance of
the airplane and aits ability to meet guarantees, 1i.e¢., takeoiff
rotation speed and rotation rate, 1landing flare capabilaty,
minimum control speeds.

Typical flight characteristics that will be measured are:
Toll response, stick forces, trim requirements, asymmetric
thrust effects, dyramic responses due to control inputs,
crosswind takeoff and landing capabilities, system failures,
etc.
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Data taken from these flight tests will be analyzed and
stored din the IPAD data bank. A flying qualities docusent will
be continually updated to reflect the actual flight
characteristics measured in flight test; flight simulator
documents used for design as well as f1light +training and
demonstration will be updated similarly.

Block VIII-3. Functional Testing--Goual (1): To prove
acceptable operation of cosmponents and systems.

System componants arz bench tested for compliance with
prescribed operational requirements prior to installation on the
airplane.

Airplane systems are tested on the airplarne for compliance
with prescribed operation requirepents.

The functional tests are performed following procedures
astablished by enginesranyg, for example, the Hire Releasc Systen
provides 1IBM card decks for use in functional testing of Boaing
built electronic modules (Hughes FACT) and vendor supplaed
wodules are tested by a Hawker-Siddley TRACE. Data for this
does not come from the Wire Release Systen.

Goal {2): To assure adeguacy of functional +testing fren
the standpoint of reliability and safety.

4 review of functional test plans pricer to testing and
review and analysis of test data is performed.

This assessment 1s manual for pre-test review. Test data
reductions will be py REL-6, REL-&, REL-9, REL-13.

Block: VIII-4. Summarize and Review--Goal: To provide the
Lngineering, Pinance, Hanufacturing organizations, Progranm
Managemsnt and the Customer {according to contractual
obligations) a current status of the product definition.

Block VIII-5S. rohlem Eequiring ERedesign?--~Goal: To
monitor the verification processes and determine which parts
need redesign. These parts will be returned to Level VI for
review and redesign. The data base nmanagement system will
retain the informatior describing the nature of the difficulty.

Block VIII-6. Certafication--Certificetion 1s a major
milestone. Once all the required airframe, f£light, grcund arnd
functional tests have been satisfied, and certification has heen
obtained, the product can enter the in-service phase.
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4.2.3.9 Level IX - Product Support

This Level 15 concerned with collecting information
rtequired to support the product once it is in service. Its
performance and other inservice information wilil be continually
monitored by entering data in the data base and using the
capabilities of the IPAD data base management system.

Block _IX-1l. In-Service Parts__Histories—-These will be
nonitored to detect problems, and to enrich the statistical data
base for the Prelimirary Desigm Levels. For example, +the #ire
Release System (STM-22) Technical Program Element will maintain
wiring and eguipment data for each airplane throughout aits
service life, a1including any modifications made after delivery.

In addition, after an airplane has entered commercial
service, wmaintenance activity such as part replacement, both
scheduled and unscheduled, retrcfit kit installiation and systen
faxlores are important to develop aimprovement on current and
future programs. These parameters are ased to update the data
base by arrplane units. Customer ¥Fndgineerihg c¢an reguest
extracts of this type of anformaticn.

Also, the reliabilaty data base 1s updated for the benefit
of +the following technical program elements: REL-6, -9, -11,
-12, -15, -i6, -17, -28, -29, -30, and -31.

Block IXx-2. In-Service _Payload _Factors by _Route--This
information enters the marketing data base for marketaing
estimates of current and projected new products.

Block IX-3. In-Service Airplape Performance _Changes--This
information 1is made available to the data bases of the affected
technical disciplines, where serious degradations will modify
future desagns.

Block IX-4. Tn-Service Systems Performance——Performance of
various systems will be recorded as the airplare 1s operated.

Block_ _IX-5. In-Service Problem?--This will Tefer in-
service problems back tc Level VI for apalysas and design
revisions.

4.2.3.10 Procedure — Equations of Motion

The equations of motrons aie represented by the soiution of
a set ot Technical Program Elements that appear frequently
throughout the Preliminary Design Levels. The tasks that appear
in this procedure are given below.
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http:4.2.3.10

bBlock _E¥-1. Form Mass Matrax-—-Goal: 7o form standardized
mass matrices which will contain for each pre-defined panel:

1. ¥eight

2. Center of Gravity

3. loments and products of inertia about the cg

This data will be subsequently modified by the apalysis in
Block EM-5 +to transfer the mass data from the panel cg to a
reference axis used by the dyramic loads, flutter ard flight
controls analyses.

In order to facilitate <the analysis of various flight
conditions, thers should be separate mass matrices develored
for:

1. Wing {flaps up and down),

2a Body,

3. Horizontal tail;

. Vertaical tail,

5. {each) nacelle and strut,

6. Landing gear {up and down),

7. Payload,

8. Fuel.

The mass matrix will be developed by WTS-20.

Block _EM-2. Form _Stiffress Matrix—-Goal: To form a
sti1ffness matrix for specified kinematic freedons.

The airplane major component section elastic constants
{flexural rigidities, +torsiomal rigiacity and shear center
location) are assembled 1nto an elastic beam representation of
the airplane. From this representation, a reduced stiffness
matrix may be generated for any set o0f specified Xinematic
freedoms (STR-5).

Block EM-3. Form Aerodymamic Influence Coefficient
Matrix--Goal: To establish an aerodypamic influence co-
efficient matrizx for use 1n the solution of thke egquations of
motion.
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The {formation of the AIC matrix is centrolled by ARO-4,
which monitors the solution of a well-panelled {(in the
aerodynamic sense) AIC wmatrix, then shrinks it ipto a more
managable size for subsequent loads analysis. The lcads for the
matrix are actually formed by ARO-5, which 1in turn relies on
ARO-6 for the dinterference of the body on the wing. #ings,
empennages, bodies and mnacelles are modelled. The solution is
valid from Mach = 0 through ¥ach = 5, with a continuous solation
through Mach = 1. The load distributaon 1s still usable 1in the
transonic regime, although accurate suiface pressures are not
provided where mixed flow exists.

Block _EM-4. _Establish Trap Points—-Goal: Compute angle of
attack, sideslip, and control surface settings reguired for
TC1M.

Trim points are usually conputed for level flight.
However, a steady climb, vertical acceleration, steady turn, and
sideslip are also valid initial conditions. fThe trim pcints are
computed (58C-16) by iterating upon the mass matrix (8leck EM-
1), the stiffness matrix (Block EM-2), and the aerodynamic
influence coefficient matrix (Block EM-3). These calculations

are time consuming due to the large matrix size. Hence, an
alternate approach will be to build tables of trim points for
several HMach number, altitude, and weight conditions.

Subseguent trim point calculations will consist of only a takble
look-up.

Block EM-3. _Natural Vibration Modes-~-Goal: Modal analysis
is used throughout the industry when doing a flutter, dynanmic
loads, or an <lastic flight control system analysis. The
initial step in any of these analysis is to obtain the natural
vibration wmodes of the airplane.

The natural vibration modes program (SDL-1) is used to
caiculate both symmetric and anti-symmetric free-free mode
shapes. An option is 1inciuded to be able to also calculate
cantilever modes. The £free-frec mode shapes are calculated
directly using a mass matrix and a free-free stiftness matrix
Lrom Blocks EM-1 and E¥-2 respectively. Included in the ouatput
with the mode shapes are modal frequencies, gentrallzed inertia
matrix and generalized stiffness matrix.

The entire mode shape calculation would be automatic at
this design level.

Block _EN-6. Option?-—-Goal: Determine which option to be
selected for generating equaticns of motion.
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This decision is computerized. Two decisions are allowed
namely flutter or quasi-steady. If flutter option is selected,
Blocks EN-7, E#-8, E¥-9 will be executed. Otherwise, EM-10 and
EM~11 w2ll be executed.

Block EM-7. Interpolation--Goal: Provide modai values at
aerodynamic control points.

The modal values of normal deflection and streamwise slopes
at aerodynamic control points will be ainterpolated from the
vibration modes along the 1ifting surface elastic axis
{calculated in Block EH-5). The interpolation is done by a
chain of cubics exact fit scheme (SFL-1). These 1interpolated
modal values will be required for executinyg the lifting surface
oscillatory aerodynamic programs described in Block Et-8.

Block LM-8. Unsteady Asrodynamics—--Goal: Provide

gerneralized force matrices for flutter analysas.

Genperalized forca matrices atre calculated by executing
unsteady airloads proygram.

For a rapid flutter analysis, generalized forces matrices
are generated using 1lifting line theory (SFL-2). The state-of-
the-art 1lifting surface unsteady acrodynarics are used for
flutter analysis of refined configurations. Programs 1dz2ntified
as SFL-3, SFL-4, SFL-5, SFL-6, SFI-7, SFL-s will provade the
capability of predicting oscillatory airloads on single planar
lifting surtace, single rigid cowl, main surtace with leading
=dge and trailiny edge control surface(s) and tab, wing-body,
wing-tail, wing-cowl, T-tail, V-tail, and octher general
conpfigurations.

Generalized force matrices may be interpolated with respect
to reduced frequency 4t a certain #Mach number using SFL-3.

Block_ _EN-9. FPorm Flutter Matrices—-Goal: Formulate the
agquations of motion for flutter amalysis.

*lutter matrices are consisted of generalized mass and
stiffness matrices {Block EM-5) and generalized forces matraices
{Block EM-8). These matrices are formulated, along with speed,
altitude, and Mach number, as coefficient matrices of a systen
of second ordar ordinary differential eguvations (SFL-10, SFL-11,
SFL~12). Additional eguations may be required +to account for
tne presense of actuators (FCS-13) and control system feedbacks.

Block_ EM-10. _Force Matrices—-Goal: The generalized force
matrices are required to calculate both the guasi-steady
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equations of motion (EM-11) and the 1load eguations except
accelerations im the dynamic loads event Block IV-42,

The generalized force matrix prograam (SDL-2) will use +the
aerodynamic ainfluence coefficient matrix (EM-3), rigid bcdy
modes, natural vibration mcdes (EM-5)}, mass matrix (EN-1), and
wind +tunnel wmodel corrections from the IPAD data base to
geherate panel aerodynamic and inertia forces on +the airplane.

A knowledgable engineer wi1ll be reguired to intervens if
problens develop during on-line operation.

Block EM-11. (Quasi-Steady_Eguataons of Motion~-Goal: The
gquasi—-steady eJuations of motion are required in the solution of
the elastic dynamic airplane for flight controls system analysis
and dynamic loads analysis.

The unaugmented eguations of motion program (SDL-2) uses as
input data from the force matrices (E¥-10) «nd natural vibration
modes (EM~5). The approach used in gemerating the equations of
motion is the energy approach or more specifically the "Lagrange
method." The program would be semi-automatic and would require
an engineer to guide 1t during off-line operation.

4.3 ©PROJECT 2 - SUPERSONIC COMMERCIAL TRANSPORT

4.3.1 Project Definition

Project 2 is defined to be a general supersconic commpercial
transport. The wing geometry would be fixed or variable.
Different structural concepts would be utilized, and the
geometry could be control-configured. The most amportant lamat
1s that the cruise Mach number be low enough that cooling by
using the fuel as a heat sink would be adequate. The ramge and
payload are unspecified.

4,3.2 Desigqn Networks

As in Project 1, the general Product Level concept of
figure 4.1 applies to this Project. However, the titles of
levels II1, IV and V are referred to as coanfiguration sizing,
configuration refinement and confiquration verification. The
following table represents the time objectives <for the
preliminary design levels:
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Leye 1 design_cycle converged desgign _cycle

II 2 days *

IiI 1 month *
Iv 2 months 4 months
v 3 months & menths

One design cycle provides a converged design at levels II
and III. A management decision is reguired tc continue
until a converged design i1s obtained at levels IV and V.
This provides management control of the costs for computing
and development testing {ses section 4.1).

4.3.2.1 Project 2 Suparsonic Commercial Transport Detailed

Design Networks for the Product Levels

Figure 4.6 presents the detailed design networks

for Project 2. The following inforeatiorn is pertinent to
the networks:
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activity or event

computel decision

computer or man decision



man (or men) decision

Weights nomenclature

Type A - statistical group weights

Type B - amalytical rrimary structure weights,
statistical weights for rest of
airplane except for kunown components

Type C - analytical primary and secondary
structural weights, statistical weights
for rest of airplane except for known
conponents

Type D - analytical weights (pramary structure,
secondary structure and all other
items) except for Xnown components.

Type E - all weights are determined by individual
part.
QEH - Qperating enpty weiygnt. This designates

the weight of the airplane including
all weight except payload and usable fuel.

Equations of Motion

The equations of motion are a large group of Tecknical
Progran Blments which have been identified as a procedure 1m a
separate network. They were grouped as a procedure because they
are repeated many times throughout the design netwerks, the
equations of motion network is shewn on page 160.

Narrative Descriptions

A narrative describing the desaign and aralysas activities
is presented in section #4.3.3 ({page 161)-. Each network
narrative is identified by a reference xnetwork block number.
Some parts of this mnarrative are the same as tkat of Project 1,
kowever, they have been included here for those who might chcose
to read only the Project 2 description. References tc Tlements
contained in +the Volume V, the catalog of Technical Program
Flement, are made throughout the narrative. An example would be
ARC~9. This is an Aerodynamics Technical Program Element for
wave Drag and Supersonic Area Rule. It is an exasting computer
program which has been identified as a candidate for IPAD.
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LEVEL | — CONTINUING RESEARCH
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Figure 4.6 Destign Networks- Project 2 Supersonic Commerctal Transport
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LEVEL 1 — DESIGN MISSION SELECTION
-1

DEVELOP LEVEL [l INPUTS

RIGINAY, PACH T
» USER INPUTS " ROy -
o DATA BASE INPUTS OR QUALITY
3
H—2

¢ DEFINE OPEN MARKET
e DETERMINE MARKET
ENVIRONMENT

: —®
=3I PROPOSE DESIGN MISSION

* ASSESS MARKET

DESIGN

no
MISSION
oK

-5

* CONFIGURE AIRFRAME AND/OR
ENGINE FAMILY (PARAMETRIC)

« COMPUTE PERFORMANCE &
DESIGN TRADE DATA

Y

H-8[AIRPLANE ECONOMIC ANALYSIS

« SELECT CONFIGURATION WITH

BEST CHARACTERISTICS
« PROVIDE RELATIVE COST DATA .
« COMPUTE DIRECT OPERATING

COST & PROFITABILITY
¢ DETERMINE ROUTE

APPLICATION

H=7

FORCAST SALES POTENTIAL
FLEET ECONOMICS &
MARKET SUITABILITY

SUITABLE
SALES no J
POTENTIA

(To Level ill}

Figure 4.6 Design Networks - Project 2 (Continued)
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I

LEVEL It — CONFIGURATION SIZING
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LEVEL lil {Continued)

STRUCTURE SIZING
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Figure 4.6 Design Networks— Project 2 (Continued)
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LEVEL !II {Continued)
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Figure 4.6 Design Networks- Project 2 {Continued)
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LEVEL IV — CONFIGURATION REFINEMENT
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LEVEL IV (Continued)
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Figure 4.6 Design Networks— Project 2 (Continued)
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LEVEL 1V (Continued)
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Figure 4.6 Design Networks- Project 2 (Continued)
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LEVEL IV (Continued)
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Figure 4.6 Design Networks- Project 2 (Continued)
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LEVEL |V {Continued)
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LEVEL IV {Continued)

yes

ANALYSIS

¥

[PROCEDURE
EQUATIONS OF MOTION
—QUASI -~ STEADY OPTION

!

IV-63

FLIGHT CONTROL SYSTEM
SYNTHESIS & ANALYSIS
— ELASTIC BODY MODES

V-6

DO
no ~BYNAMIC LOADSSYE

'

IV—-65

IV—66

Figure 4.6

D
ANALYSIS
?

MANUFACTURING REVIEW
* COMPANY RESOURCES

ESTABLISH PLANS & SCHEDULES
¢ ENGINEERING
* VERIFICATION TESTING
e MANUFACTURING

IDENT!IFY LONG LEAD ITEMS

SUMMARIZE
* PERFORMANCE
* FINANCE/COST
* EFFECT OF SCHEDULES
ON COST
* ASSESS MARKET SUITABILITY

Design Networks— Project 2 (Continued)

Y
@



LEVEL IV (Continued)
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Figure 4.6 Design Networks- Project 2 (Continued)

153



LEVEL V — CONFIGURATION VERIFICATION
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Figure 4.6  Design Networks - Project 2 (Continued)
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LEVEL V ({Continued)
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LEVEL VI - PRODUCT DETAIL DESIGN
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LEVEL VI — PRODUCT MANUFACTURE
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LEVEL iX — PRODUCT SUPPORT
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#.3.3 Hetwork Activities Description

4.3.3.1 LTevel I - Continuing Research

The purpose of this Level is to monitor contimuing research
and to assimilate those results that will be important to the
designer in the IPAD environment.

Block I-1. Long Term Goals_Fstablished By Management--
Research in the technical areas of the IPAD environment will
coptinue in the pursuit of long-term goals. These goals will be
set by management, and will not be regquired by specific IPAD
activities. However, +the analysis capabilities of IPAD Levels
IT¥ to VI may be used to indicate the more profitable areas in
which research funds could be spent.

Block _I-2. Regearch; Design Congepts, Technology--This
block represents the research being conducted to support the
advancement of +the state of the design and analysis arts,
Besign concepts refer to research conducted to develop detail
application capability such as use of composite materials,
manufacturing processes, Jjet noise suppression, variable by-pass
ratio engines, etc. Technology refers to the general
development of information and processes within specific
disciplines such as aerodynamic characteristics of pressure
distribution over airfoil shapes, potential flow analysis or
materials development such as characteristics of composite
materials. The users of the IPAD system will monitor these
activities to enter new technical program elements into the
library and to improve the technology data bases.

4.3.3.2 Level 1l - Design Mission Selection

The goal of Level II 1s to select the design mission and
criteria for the subseguent design. Some very brief analysis
and design logic will be reguired to support the selection of
these criteraia.

Block TII-1. Develop Level IT Inputs~—The data stream for
this project begins with Level II., The initial inputs will be
derived from two sources. The user will provide specific 1inputs
such as the problem constrairts, performance rTequirements and
technology time period. The last item will poant tc groups of
data in +the data base required to support the various
technologies. Level ITI 1is intended to be executed without
interruption, therefore, all the 1inputs required for Level II
should be given at the beginning.
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Block II-2. Define Open Market, Determine Market ,
Environment—--Goal: To 1dentify the open market for a new
airplane and to determine market enviromment disciplines for the

new airplane engineeraing design.

A mathematical model (MKT-1l) <calculates airline fleet
requirements based on airline traffic forecasts ana airplane
inventory. An optimum new airplane 1is determined for this
market. The airplane route system is also identified and 1ts
market environment disciplines are determined by processaing the
market factors such as competitive market shares, growth, wind
temperature and airfields, etc., (LKT-2}.

Block I1-3. Propose Design Mission, Assess__Market--Goal:
fo analyze market requirements and determine design missicn
requirements that need to be met for +the market environment
disciplines deterained imn Block II-2.

The market potential of a new airplane is evaluated (H#KT-
3).

Block II-4. Design Mission OK?--Goal: To determine if the
design mission meets the market environment disciplines.

This decision is manual and human judgment may be exercised
in interpreting the disciplines.

Heview and recycle 1f desired.

Block II-5. configqure Airframe and/or Engine Family
{Parametric), Compute Performance F_Lesign Trade Data--Goal:
To configure an airframe and/or engine family and compute the
performance characteristics of the family. This will provide
design trade data for tne family.

The elements comprisihg this activity are to be executed
with a minimum of input, as the intent is to provide data for
the selection of the design mission, rather than to determimne
the best configuration. The inputs will be composed primarily,
of range, payload, Mach number, technology base {time period),
a grid of +thrust 1loading (T/W) and wing loading (W/S) and an
1nitial OE®W (WTS~1). The DCA-2 geometry module will turm each
airplane in the grid ainto a parametric geometry. The
periormance will be calculated using a simplified process (PRF-
1. Low spe=d 1l1ft and drag will come from ARD-8, thrust and
fuel consumptior from modules PRO-3, #, 5 and 6, and a group
weight and balance statement from module WTS-2. The subsonic
drag will be provided by ARO-7. The supersonic drag ill be
done by component, witn ARO-9 finding the wave drag and pressure
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drag due to lift, ARO-12 giving the skin friction draq, and ARO-
17 finding the vortex drag-due-to-lift,

The weight and balance module will contain the following
analyses:

1. Statistical OEW prediction methods which produce a 30-
item group weight statement,

2. Statistical OEW balance arm predictionp methods which
produce a 30-item horaizontal center of gravity

statement,
3. Fuel volume and fuel management calculation,
4. Passenger, cargo and fuel loading calculatiomns,
5. 3-ax1s mass mpoment of inertia about the airplane cg

calculation,
6. Airplane balamce and loadability calculations.

The base statistical equations are of a form such tnat each
group weight item is predicted as a fuuction of a set of
independent parameters.

The process of finding +the correct size of tane geometry
ard/or engine 18 1terative (see fiqure 4.4 on page 65 ). The
iteration 1s performed for each geometry of the T/W vs w/S grid.
The result will be a field (a "thumbprint") of airplanes that
w1ll ull do the mission. The trade information will allow valid
selection of the best design mission, that is, the mission with
the best sales potential for the ¢lass of airplane under
consideration.

The design trade data will also consaist of comparative
evaluations of operational and support costs for competing
configurations. These trades will be done by REL-1, -4, -1l% and
-41 for alterpate engines and system concepts and by REL-1 and —4
for support reguirements and operational Ffacilities at the
airports in the iptended routes.

Block II-6. Alrplane Economics__Analysis--Goal: To
evalnate the operating economics of an airplane.

Airplane relative cost values are determined (FNC-1).
Airplance economics are evaluated 1n terms of trip operating
cost, BOI, break-even load factor, etc. (MKI-4). For a given
airplane route systenm, the operating profitability of the
airplane is evaluated (HKT-5). As an aide in design refinement
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economic sensitivity and design trade evaluation can be an
option in HKT-4.

In addition, the total airplane performance will be
assessed 1n terms of reliability and maantainability ir regards
to airplane availability, support costs {personnel and
material), and airport operational considerations. This
assessment will be domne by +the malntenance, operation and
support simulation modals of REL-1 and -&.

Block_ _IXI-7. Forecast Sales Potential--Goal: To forecast
the sales potential of a new airplane.

Requirements of the new airplane are calculated by airline
and year to determine total sales potential of the new airplane
(MKT=6) .

Block II-B. Suitable Sales Potential--Goal: To assess 1f
the sales potential i1s enough for the related development cost.

Man decision base<d on a review of the sales potential for
2ach candidate configuration under investigation.

4.3.3.3 Level III - Configuration Sazing

The goal of Level III is to size candidate confiqgurations
to the design mission and criteraa. The sizing logic should be
constructed to be executed with minimal user intervention.

The Level III network has beern divided 1nto two parts,
i.c., "geowetry sizing" and "structure sizing." The geometry
s1zing part is an iterative preocess controllea by an egquation
solving module (DCA-#4) which drives the configuration design
variables such as wing area, root chord, tip clord, etc., until
a prescribad set of eguality and inegualaty censtraints such as
range, tield length, etc., are satisfied. The analysis to
support gecmetry sizing 1s based on statistical data and no user
intaervention 1s envisicued wher a configuration designer
develops the input. The structure sSizing part provides
definittion of the primary structure which 1s sized by analysis.
This analysis includes static loads with statistacal factors for
dyramic loads, snearcd material which 1s stress sized for
strength apd fatigue, welghts and a tiutter analysiun. Thoe basis
for the weight estimate of secondary structure and nonstructure
items remains statistical. The 1terative locping for structura
sizing is wman controlled and the configuraticn designer may
consult with specialists from the following disciplines:
structure design, static loads, dynamic loads, stress, flutter
and weights.
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Block_ _IXII-1l. Develop Level III Inmputs—-The developmcnt of
inputs for Level III will be similar to Level II for the
categories of user and data base ainformation. However, in nmany
cases a Level IIT execution will beqgin from a Level II solution.
In these instances, the preparation of information required by
Level III from Level II results is to be done by automatic
processes. These default calculations will be approved and
corrected by the user prior to execution of Level III.

1t will be desirable, but not necessary, to execute Level
IITI without interruption, so that the input information for the
entire execuntion should be available at the beginning. The user
may monitor the solution, especially in cases where optimizaticn
is being done, to interrupt, correct, then restart a solution.
However, the flutter solution decisions Trequire man interacticn.

Block ITII-2. _ Calculate _Geometry—-—-Goal: To define and
control the airplane geometry including planforms, arrangements,
propulsion and the location of major equipment 1tems.

An airplane geometry consisting of +the body, ving,
empennage, canard, power plants, and landing gear 1s 1integrated
into a lofted general arrangement (DCA-1l, DGL-1 and PRO-2). The
initial sizes are input and may represent amn existing airplane,
a modification of am existing airplane or the designer's
judgment for a new airplane. This module will accept input from
subsequent analysis modules and will resize the wing, engines,
empennage, canard and control surfaces and/or will relocate the
wing and landing gear to meet the mission requirements and
criteria for performance, welghts, balancc, loadability,
stability and control.

An SST geometry is daifficult to characterize and many
variations have been investigated. In general, the
configuration npay be classified as tailed or tailless and by
type of wing planform, i.e., delta or arrow. A tail or canard
or combinations of both may be incorporated for stability and
cortrol considerations. The wing and canard may have fixed or
variabhle geometry. A tailless version of the arrow wing may
incorporate a retractabls canard and vertical fins near the wing
tips and at the body centerline. 4 wave-rider concept may
require folding wing tips. Initial considerations include
criteraia for arsa distribution, etrffective camber surfaces, and
center of pressure control or fuel tank axrrangements to
facilitate fuel management for center of gravity control over
the operational speed envelope.

The ©body is characterized by the fineness ratio, planview,

halfbreadth, camber line, crown line, Xzel line, floor line and
area distributaion. The design 1s related to the reguirements
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for the area distribution, control cabin, payload (passenger,
baggage and cargo) type of configuration and propulsion
arrangement. The payload reguirements include criteria for
confort, seating arrangements, aisles, access to emergency
exits, lavatories, gaileys, cargo coupartments, cargo
containers, doors, clearances for loading and emergency
evacuation, windows and structure.

The wing 1s characterized by the type of planform and by
parameters such as aspect rTatie, taper ratio, sweep angle,
thickness form, twist and camber Fform. flight ard groand
control surfaces are identified by type and by percent of chord
and span. Spars and the main gear support structure are located
to provide space for control surfaces and actuators. Spar
depths and wing fuel volumes are determined. The wing may have
fixed or variable geom=2try.

The empennage 1s characterized by the location and type of
stabilizers and by parameters similar to the wing.

The canard 1s characterized by type (fixed, free £loating
or coatrollable) and parameters similar to the wing. The canard
may have fixed or retractable gcometry.

The power plants are characterized by an engine cycls
(rubber engine) and a nacelle gecmetry or by input of a specific
engine and nacelle. The engines may be located on the wing and
body or on the body centerline. The rubber engines are sized
for takeoff, transonic acceleration or cruise thrust.

The landing gear arrangements are characterized by xind
{bicycle or tricycle), type (du=l or truck), and number of main
gear two, three or four). The gear is located and sized to
meet criteria for strength, flotation, ground handiing, takeoff
rotation, pitch and roll.

The contrels are characterized by primary +flighkt
{longitudinal, lateral and directional), secondary f£light ({lift
and drag) and ground {drag and directional). The Primary f£light
cortrol surfaces are sized and located to meet stability and
control criteria. The secondary flight and ground control
surtaces are sized and located to integrate with the tlight
control surfaces and Landing gear strecture and to mest
requarenaents for field length performance.

Major 1tens such as tuel tanks, electronics, and
environmental control units are located to reserve space and to
provide welight apd balance information (DCa-3, STH-1, -23, -24,
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Block III-3. Calculate Cruise Performance, ¥Wing
Aerodynamics Analysis—-—Goal: Thke climb and acceleration,
crulse, then descent and deceleration portion of the mission is
calculated to provide fuel burned, block time and flight
profile.

The mission w%ill be calculated by PRF-2. Saimplified
aquations of motion are integrated, and gave resulis that are
accurate to within 1% of real results. The cruise drag is
provided by several modules. The subsonic drag is provided by
module ARO-7. For the supersonic drag, modules ARC-9 and ARC-11
find the wave drag, module ARQ-1.2 gives the skin friction drag,
erther ARO-5 or AR0O-10 provides drag-due—to-~laft and wing-
nacelle interference drag, and module ARO-6 determines the
aeroelastic effect on drag. Thrust and fuel consumption data is
provided either by table 1lookup (PRO-5) or by thermodynamic
cycle matching {PR0O-3 or PRC-4), together with the engine
installation module (PRO-6). In general, the cycle matching
technique will be used, as it is more flexible and can provide
practically any thermodynamic parawmeters pertainirg to the
engine.

The process for finding the supersonic cruise drag will
disclose the theoretical pressure distributaon on the wing and
body, if ARO-5 1is usead to find the drag-due-to-lift,
Examination of the Wing pressures and the body effect on the
pressures will indicate the acceptability of the wing <£from the
aerodynamic point of view. This does not infer an aerodynanmic
design to the degree desired for wind tumnnel testing, but only
that the thickness form does not contain regions that would
later preclude a successful wing design.

Block TIIXI-4. Type B Weights Availlable?—-—Goal: If the
Level III analysis has been exscuted to the point where type B
weights have b=2en calculated (Block III-19) or ain Level IV,
rather than re—executing a statistical type 2 weights analysis
because of a slight change in the contiguration, it would be
more accurate to scale the group weights as determined 1n the
type B weights analysis. This would be done in Block III-7.

Block III-5. _Calculate Height apd Balance - Type_ A-—Goal:
To provide the necessary output, consistent with ascunt of
information known at this level, to determine if the
configuration under consideration 1is acceptable from the
standpoints of weight, balance and loadability.

The Technical Progran Element vhich provides this
information should contain the following analysis:
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1. Statistical OEW weight prediction rethods which
produce a 30 item group weight statement (base buildup

option),

2. Statistical OEW balance arm prediction methods which
produce a 30 item horizontal cg statement,

3. Fuel volume and management calculations,

4. Passenyer, cargo, and fuel lcading calculatioas,

5. 3-axis mass moment of inertia about the airplane cg
calculations,

6. Airplane balance and loadabilaty calculaticns

(determined 1p conjunction with the stability and
control Block III-6).

The base buildup statistical equations are of a torm such
that each group weight item is predicted as a function 0f a set
of independent parameters. This type of eguation 1s not soited
for scaling.

Technical Program Element WTS-2 contains this analysis for
subsonic transport designs. The difference in the analysis
between subsonic and supersonic designs is primarily in Items 1
and 2. PFor first implementation, 1t mignrt be possible to
substitute Technical Progranm Element ¥IS-24 for the statistical
weight methods in Technical Program Element WTS-2.

Block IIi~6. Augmented Stability and Control-—Goal: The
horrzontal and vertical tail surfaces are sized and located on
the airplane in conjunction with @ practical c¢g location and
range. A flight control system will provade increments in
maneuver margin that w111 be required for handliing gqualities
with aft cg's 1located for optirum trim drag. Lateral control
surraces are sized and located om the wing. The main landang
gear location and size is selected.

Technical Program Element S&C-20 uses both theoretical and
hictorical data to enable preliminary vertical and horizontal
tai1l sizing to be made within a cg range chosen for minimum trim
drag at cruise. The horizontal tail 1s sized to provide both
control and stability ain conjunctaionu with a £light control
system and SAS that will be synthesized by a combination of
factored historical data and saimplified calculations (FCS5~14).
Control and stability tuunctions, which are effected through the
all moving horizontal tail, meet airplane pitch control criteria
and the requirements of the 5SAS. The vertical tail is sized for
directional stability criteria and directional control
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requirements wusing a conventional rudder surtace. Directional
stability is augmented by a lateral SAS using airputs based on
Boeing SST experience.

Lateral controls selected by the progras teo meet simplified
roll response criteria are preliminary but adequate to enable a
provisional wing control surface and flap layout to be
established.

The maim landing gear location and size 1s selected
following the selection of the aft cg limit.

If the stability and control reguirements are not met, the
geometry module will be required to resize the stabilizers and
or control surfaces. These changes are controlled by DCAa-4 and
are executed after the test in Block I1I-8.

Block TII-7. Scala ¥eight and Balance--Goal: TIo provide
the necessary output, consistent with the amount of information
known at this level, +o determine 1f the configuration under
consideration is acceptable from the standpoints of weight,
balance and loadability.

The Technical Prograr Element which provides this output
should contazn the following analyses:

1. Statistical OEW weight predactaon pmethods vhich
produce a 30 item group weight statement {scaling
options),

2. Statistical OEW balance arm prediactaon methods which
produce a 30 item horizontal cg statement,

3. Fuel volume and management calculations,

4. Passenger, cargo, and fuel loading calculations,

5. 3-axis mass noment of inertial about the airplane cg
calculations,

6. Arrplane balance and loadabiliity calculations

(determined in conjunction with the stabality and
control (Block ITI-6)}.

The scaling statistical equations are of a form such that
sach group weight 1item is predicted as a function of a base
veight and a set of param=ters which are normalized to reflect
changes in +the configurataion. In +this dinstance, the base
weights will be those determined by Block III-19.
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Technical Program Element WIS-2 contains this analysis for
subsonic transport designs. The difference 4in the analysis
between subsonic and supersonic designs is primarily in Items 1
and 2. For first 2implementatiom, it wmight be possible to
substitute Technical Program Element WIS-24 for the statistical
weights methods ipn Technical Program Element WT3-Z.

Block _II1I-8. Loadability/OEH__Criteria Ket2-—Goal 1: To
compare the OEW calculated by the weights analysis {Blocks TIII-
5 or ILI-7) and the OEW as sized by the cruise performance
analysis (Block III-3) and to determine 1if the difference
between the O©OFW!s are within acceptable limits. If the
dgifference is too great, the geomerry module {Block III-Z2} will
be tTeguired to resize the configuration. The reguired changes
are coumputer controlled by DCA-4.

Goal 2: To compare the available forward acd aft center of
gravity limits as determined by the staoality and control
analysis Block III-6 and the required forward and after center
of gravity balance and loadability limits as determined by the
weights analysis (Blocks III-5 or III-7). If the difference
between the required and available center of gravity limits is
too great, the geometry module (Block IIXI-2) will ke regquirad to
resize the empennage. If the OEW cg position does not result in
acceptable airplane balance, the geometry module {(BLlock TIX-2)
will be required to adjust the position of such” items as the
wing and gear relative to the body. The reguired changes are
computer controlled by DCA-4.

Block III-9. Calculate Low Speed Performapnce and
Observer Station Noisz--Goal: This activity will calculate
the takeoff and landing performance of a configuration.
Observer station noise will be provided.

The takeoff and landing performance 1s determined by
separate Technical Program Elerents. However, both are
supported by a 1low speed lift and drag module (AEKC-8) and by
thrust and fuel flow modules that utilize either table lookups
(PRG-5h) or thermodyunamic cycles (PRO-3 or PEG-H). The
propulsion modules are interfaced by the engine installation
module {(PRO-5).

Takeoff and c¢limbout performance (PRF-3) are provided by
integrating simplified equations of motion. The takeoff faield
length 1s determined for the balanced field situation, and the
largest flap setting that will meet the FAX wminimum climb
gradient 1s used.
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Landing performance (PRF-4) 1s also found by irtegrating
the equations of motion. The procedure fainds the wminimum flap
setting that will meet the PFAR 25 climbout reguirements.

Observer station noise for takesoff, approach and sideline
is estipated using module PNZ-1.

Block III-10. Design Criteria Met?--The loop that iterates
to size a configuration bagins at Block III-2 ana ends at this
block. The 1teration 1s necessary to find the values for the
parameters controlling the corfiguration size that produces a
geometry that wecets the input reguirements. The order of the
activities in the loop of Level TIT will cause the size to be
astablished first to do the cruise part of the missaion, then the
takeoff and 1landing portions. The c¢ycling will pe computer
controlled by DCA-4.

Block ITI-1l. Calculate Finance, Cost, Market Suaitability-
-the configuration sizang of the first part of Level III wall
produce performance informaticn of greater reliability than was
available from Block II-5. Thus, tnme finance and wmarketing
activities of Blocks II-6 and II-7 can be repeated to obtaim
better iasight into the product suitability. This requares the
use of FNC-1, a preliminary desigm cost model, and #HKT-4%, -5, -6
to evaluate the route system application on the market mod=21 of
the configuration under consideration. Market suitability and
the torecast of sales potential can be updated.

Block IIT-12, Define Structural Concepts_§ Structural
Arrangement——Goal: Define the structural concepts and
materials of the airframe praimary structure. Synthesize the
structural arrangement in detail adequate for prel:iminary gross
s1z1ng bLut consistent with appropriate design criteria.

Identify the nature of the primary structure for the major
airframe components, wing, body, empennage, landing gear and
nacelles. The materials and structural concepts chosen will
influence allowable loads and deflections which are determined
in subsegquent network =svent blocks.

Integrate the major structural elements into the airframe
geometry 1R a manner apprnpriate for the structural concepts,
materials wused, manufacturing capabilities and other design
criteria. Spars, ribs, bulkhead, cutouts, frames, stringers,
keel beam, floor beams, longerons and landing gsar support
structure are located and identified. The arrangepent of these
primary structural elements will provide for an efficlent,
durable, low-cost and most important, safe airframe. Many
design criteria are involved in this syanthesis. 1In addition to
those already mentioned, structural continuaty, fail safety,
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fatigue, redundance, £fuel management, fucl tank sealing and
access, manufacturing capabilities and practices, systcms sSpace
envelopes and certificarion requirements are some other less
obvious but important considerations.

Geometrical considerations will pe based omr zxnput Block
III-2 (calcuiate yeometry) and the output will provide the
necessary depth for finite element geometry used later in Block
v-11. The output of +his task will also be compatible with
computerized drafting practices and requlremernts. This will
provide for use of these methods and this data for layout and
design studles at Levels IV and V and further, a first pasis for
comptuiter drawn detail parts at Lev2l VI (DS&-1, -2, -3, -4 and
DGL—Y) .

Block_III-13. Calculate Wing, Body, and_Empennage
Pancling & HWeight Pistributions—--Goal: To provide the
necessary 1aformation for 1natial structural loads and stress
1nalyses. The required information dre of the following types:

i. Airplane planform and section geometry,
2. Airplane aerodynaemic and structural panel definitions,
3. A preliminary estimaeate of the structural panel

welghts, center of gravitizs, and 1inertias.

When operating «ithin the IPAD system, items 2 and 3 will
be performed by Technical Program Slement WTS5-25 while 1tem 1
wi1ll be done by Block T1I-2.

Block III-14. Airplame Static Leoads-—-Goal: Calculation of
load distributions on the majeor airtrame compcnents resulting
trom design conditzions {static and gust fermulac) and a fatigue
mission profile.

Staetic loads for a supersonic configuration wouald be
generated using a panel representation of the airplane. The
method used is based on Woodward!s lifting surface method (ARO-
5). Matrix methods are used to solve simultaneous linear
equations for 1loads, deflections, accelerations and stability
derivatives. Tne current program {($L0O-4) computes unit and
palanced load solutions foi symmetric mancuvers of a rigid or
flexible airplane. Integrated panel loeds along a user defined
axis give shear, moment and torsion.

This program forms the loads module with the AILAS system
(STR-6) .
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Flight condition data would be input by a knowledgeable
user.

Block III-15. Determine Thermal Effects--Goal: To predict

the effect of thermal heating on the aircraft's primary
structure.

This estimation will be done by STR-16 for two nissions,
namely the intended design mission and the design mission with
an emergency descent. The result of the estimation will be the
temperature history of the aircraft's primary structure.

Biock III-1l6. Size_ _Structure_for Strength and Fatigue--
Goal: Preliminary sizing of the primary structure for statac
strength and fatiqgue (fail-safe design) to establish airplane
structural weight and elastic response characteristics.

For the structure defigsed in ITI-12, the 1loads calculated
in III-14, and +the thermal effects from ITI-15, the primary
structure 1s sized for static strergth and fatigue. The fatigue
analysis/sizing estimates ground-air-ground {GAG) cycle stresses
and GAG damage ratios (STR-5). PFor the strength sizirg, finite
clement techrology (e.g., STR-6) will be applied. Since
flowtime is extremely important, the finite element model will
be highly 1lumped. It is anticipated that the model would have
300-500 nodes with 750-1250 elements. Where applacable,
elementary beam theory (STE-3, -4) could be applied for detailed
sizing consistent with the finite element model detail. The
resulting sized-beam could be represented in the model as an
equivalent beam or as a distributed section using offset
technology or generalized constraints. Using generalized
constraints would 1increase the number of nodes significantly,
but would not necessarily increase the number of active freedoms
(unknowns). The finite element model would serve as the basis
for the stiffness (flexibility) matrices which represent the
structural elastic response characteristics. -

Material properties, structural component dallowables,
Fatigue Reliabaility Factors, GAG cycle stresses and GAG Damage
Ratios for locations on major components ara obtained from +the
Data Base.

Block _IIXI-17. Plexibility Change _Significant--Goal: A
computer or man decision on the significance of the change in
flexibility.

Loads are calculated for a given flexibility, the resulting
strength designed structure 1is sized and a new flexibility
calculated. If the change in flexibility is suck that a
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significant loads change would result the loads and sizing
routines Blocks III-1% and IIT-16 are repeated.

If the change is not significant the resulting structure is
weighed (Block ITIT-19).

Block_ _IITI-18. Stapility £ control Check—-—-Goal: Tail
sizing and balance task in Block IIXI-6 is checked using computed
structural stiffnesses resulting from Blocks III-14, =15 and
-16.

S&C-20 program 1s rerunm with computed stiffnesses replacing
the statistical values. Structural flexibility has a major
influence on S5ST tail and control sizing.

Block III-19. Calculate Weight, Balance, and Loadability -
Type_ B--Goal: To calculate Type B weight, wpalance arnd
loadability for the «configuration which has been sized for
strength and fatigue.

To accomplish this activity imnvolves Technical Program
Elements wiich do the following:

1. Execution of the weights update control module (WTS-
15) which would re-eiecute only tncse porticns of the
weights Technical Program Elements whose 1input had
changed,

2. Calculation of wing primary structure mass 2alements
pased on finite element analysis (WTS-21},

3. Calculation of pody/empenntade primary structure mass
elements based or finite element analysis (WTIS-21),

4. Calculation of wing secondary structure mass elements
(¥T3-7),
5. Calculation of body/empennage secondary structure mass

2lements (WTS-3),.

6. Calculation of landing gear mass 2lements (WIS-),

7. Calculation of nacelle and strut, propulsion, fixed
aquipment, and standard ard operatioral mass elements
{(WTS-10),

8. Calculation of fuel mass elements (WIS-11),

9. Accunulation of mass eleme=nts within each structural
panel and tne calculation of weight, center of
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gravity, and 1inertia for each structural panel and for
the wing, body, and empennage {WT5-12),

10. Generation of a weight statement patterned after the
AN Y102-D format based on the previously calculated
mass elements (WIT5-13),

11. Calculation of total airplane mass properties for
various points on the balance diagram and the
determination of updated panel wmass properties for
recycling through the structural anralyses ot Blocks
III~-14% and III-15 (WIS-14}),

12. Determination of fuel management requirements (WIS-
. 26) .

The Type B weights are suited tor scaling. Data
communication is samilar to figure 4.4 on page 63 .

Block III-20. Panel Mass/Inertia Chkange Significant?2--
Since the loads analyses are sensitive to panel gass properties,
each time the weilghts analyses updates the panel's mass, center
of gravity and imertia, the effect of these changes on the loads
apalyses should be examined. If the panel mass properties
changes are significant, the loads and the stiuctural analyses
should be re-executed.

Block IIi-21. Loadability/OFW Criteria Ket?--Goal 1: Ta
compare the available OEW calculated by the weights analysis
(Block III-19)} and the OEW as sazed by the cruise performance
analysis {Block TIII-3) and to determine 1f the difference
between the OEW's are within acceprable limits. If the
difterence 1is too great, the geometry module (Block IXII-2) will
be required to resize the configuration. The required changes
are man controlled xin the structure sizing part of Level III.

Goal 2: To compare the available forward and aft center of
gravity 1limits, as detsarmined by +the stability and contrel
analysis (Block TII-18) aud the reguired forward and aft center
of gravity balance and loadability limits, as determined by the
vei1ghts analysis (Block IXI-19). If the difference between the
required and available center of gravaity limits is tco great,
the geometry module (Block III-2) will be required to resize the
emppernage. If the OEW cg position does not result i1p acceptable
airplane balance, the geometry mocdule (Block IXII-2) will be
reqguired to adjust the position of such items as the wing and
gear relative to the npody. The required changes are man
controlled 1n the structure sizing part of Level IITI.
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Block _I1II-22. Change Stiffness?--Goal: Han intervention
in the analysis process to determine the effects of an arbitrary
change in aft body stiffness {for a horizontal tail
configuration, for example).

An 1increass in aft body stiffness is made to the structural
matrix. The re-cycle through Blocks IIT-14 to III-21 will show
the trade for the improved aiprlamne longitudinal control and
stability characteristics compared Wwith the change in weight and
balance.

Block_ _III-23. BEquations of Motion——-Flutter Option—--Goal:
Formulate the squations of motion for flutter analysis of the
initial structaral sized confiquratious.

Equations of motion for flutter analysis of the initial
structural sizsd configurations will bhe foermulated (from
Lagrange's equation) as a second order system o¢f ordinary
differential equations with the generalized mass and stiffiness
patrices (Block EM-5) and generalized forces matrices (Block EN-
8), as coefficient matrices.

Bach configuration will be divided into small reqions of
substructures. The system stiffness and mass matrices will be
derived from those of substructures using a scale-merge-reduce
operation (Block SFL-21). Substructure stiffness and wmass
pmatrices will be calculated using fainite e¢lement methods.
Three-dimensional 1ifting surface theory will be used to
calculate 9generaslized force matrices for both subsonic and
supersonic flows. Vipration modes calculated from Block EHMN-5
will be used as generalized coordinates. Preograms to be used
are presented in the descriptious of Blocks EN-T7, EH-8, and E¥~-
9.

block _IIT-24. Flutter Analysis—-Goal: Conduct flutter
evalonation of the initial structure sized configuration.

A simplified prelimirvary flutter analysis of +the 1nitial
structural sized configuratior will bhe pertorwed. The flutter
equations will be solved by either the traditional v~g pmethod
(SFL-10), or the classic British method (SFL-11), or an
automated scheme {SFL-12). Flutter results will be hkand
interpreted or monitored on an interactive display by a flutter

analyst vhen using programs SFL-10 or SFL-11. However, using
the program SFL-12, flutter rcsults are calculated
automatically. Flutrer sensitivities with resgect +to the

placements of enginas and external stores and to the fuel
distraibutions will be presented.
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Block III-25. _Plutter Criteria Het?--Goal: Determine if
the flutter criteria have been satisfied.

This decision is manual. If flutter deficiency exists,
improvements will be made by changing gecmetry, structural
arrangenent, or stiffness or mass.

Block III-26. Proposed Fix--Goal: To determine changes of
configuration geonmetry, Bass, stiffness and structural
arrangement for flutter clearance.

The critical flutter conditions identified an Block IIX-24
w1ill be analyzed to appraise flutter mechanism using an ensrgy
display approach (SFL-13). Parametric flutter trend studies on
stiffness changes and mass changes for each geometry change (if
any) coupled withk any structural arrangement change will be
conducted to determine how the flutter deficiencies should he
removed. Hhen a portion of the structure i1s to be changed, the
mass and stiffness matrices of only those substructures affected
by the change are rTe-calculated, and re-merged with the
unchanged substructures (SFL-21). These trend studies are
performed through Blocks IX1-23, ITI-24, III-25, III-26. This
loop is terminated when the desired flutter clearances are
achieved.

Block IXII-27. Goometry _Change?--Goal: Determine if a
configuration geometry change is required for flutter clearance.

This dzcision 1s manunal. Geometry changes 1in terms of
modifications to existing main 1lifting surfaces are *o be
considered. If geometry changes are required to clear £lutter,
the design flow will go back to the start of Level 1II.

Block ILIT-28. Change Structural Arrangement?——Goal:
Determine 2f a structural arrangement change 1s regquired for
flutter clearance.

This decision is manual. Structural arrangement changes
will be considered here as a preliminary study of the effect of
the structural design concept on fluatter.

Block III-29. Chanpge Staiffness?--Goal: Determine 1if
structural stiffoness c¢hange should be made for flutter
clearance.

This decision 1s @wmanual. If +the stiffness increase
{identified in Block TII-26) over the strength and fatigue
sizing is to be made to clear flutter, the required stiffness
will be provided for Block III-30. IL +the answsr to the
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gquestion is no, Block III-31 will be executed and any mass
change for flutter clearance will be input.

Block_ III-30. _Update Structural Sizipg--Goal; To identify
flutter-prescribed resizing for updating the primary structure
veight and to establish minimum size constraints for all further
strength and fatigue design activities.

If a stiffness (sizing) 1ncrease over the strength and
fatigue sizing is required to meet the flutter criteria, the
sizing reguired is identified and updated. PFor all skin and web
gage 1nCcreases, the stiffening material 15 increased i1f
required. Flutter-prescribed sizing will be considered to be
zinimam size constraints in  all further strength and fatigue
sizing activities.

Block III-31. Update Weights, Balance, and_Loadability
_—_Type B--Goal: To calculate Type B weilght, balance and
loadahility for the configuration which has been sized for

strength, fatigue, and flutter.

To accomplaish +this involves Technical Program Elements
which do the following:

1. Execution of weights wupdate control (¥TS-15) which
would vre-execute only those portioas of the weights
Technical Program Elements whose input had changed,

2. Update of wing prismary structure mass elements based
on stress sized skin/stringer material (WTS-21),

3. Update of Dbody/empennage primary structure nass
elements based on stress sized skin/stringer material

(¥T5-21),

4, Update of wing secondary structure mass elements {WTS-
7).

5. Update of body/empennage secondary structure mass

elements (WT35-8),

6. Update of fuel mass elements {WT3-11),

7. Accupulation of mass elements within each structural
panel and tne calculation of weight, center of

gravity, and inertia for each structural panel and for
the winy, body, and empennage (WTS-12),
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8. Generation of a weight statement patterned after the
AN S8102-D format based on the previously updated mass
elements (W7sS-13;,

3. Calculation of total airplanme mass properties for
various points on the balance diagram and the
determination of updated panel mass properties for
recycling through the structural analyses (HTS-14).

Block IIT-32. Calculate Noise - _Axirpori (Noise
Foorprints): Cruise (Somic Boom)--Goal: This activity will
provide noise footprints in the vicinity of the airport and the
sonic boom overpressure during cruise.

Noise footprints will be calculated by the noise prediction
module ({PNZ-1l). The footprints will provide perceived noise
level «contours along tne f£light path for poth takeoff and
approach. These contours predict the maximum perceived nolse
levels on the ground.

The sonic¢ boom overpressures will pe calculated at regquired
points along +tne flight path. These overpressures may require
modification to the £lignt profile. The process of calculating
the overpressure is presented on figure 4.7. The first activity
1s to input the intented atmospheric model into module ARO-14.
This will determine the propagation characteristics of sonic
booms 1in the model atmosphere, and will provide tables of
scaling factors and aging constants for module ARO-13. This
branch need be executed only when a new atmosphere mcdel is to
be used.

The sonic boom calculation 1s determined by volume and lift
effects. H#Hodule ARO-9 determines the volume inputs and module
ARO-10 detcrmines +the 1i1ft anputs to module ARC-13, which will
produce pressure signatures and bcom width information.

Block TIT-33. Summarize pPerformance, Finance, Cost,

and Market Suitability—-—At this point, the design sizing of
Level ITII will have been completed. It will be useful +to
coliect tha most recent technical information about the
configuration and summarize +the performance and cost. From
thare, the market suitability will Dbe 1nvestigated. The
pertormance summary will be done by PRF-5, finance and cost
consideration by FNC~1, and the market suitabality by HMKI~-4, -5,
...6.

The utilization, maintenance and dispatch reliaability will
be assessed. Probable route structures, aircraft fieets,
airport facilities, operational and environmental factots are
used by REL-1 and -4. Additiconal 1inputs +to these are ground
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service equipment and airplane interactions as well as
maintenance time data produced by REL-6 to =13 and -15 to ~-#0.
Alsco 21ncluded 1s a determination of the capability to change an
engine within a time interval compatible with the planned
utilization. This is a manual review.

Block __IITI-34. Confiquration Acceptable--Goal: Man
decisicn based orn a review of the effects of the primary
structure defanition on the performance, noise levels, cost and
market suitabiality of the final airplame configuration analyzed
in Lewvel III. Blocks IXII~32 and III-33 provide data for thas
review,

Block _III-35. HModify Configuration_or_ _krission——There are
t¥o options from a negative 7resuit in Block III-34. The
desigper may elact to retain the design missicn and criteria and
retern to the beginning of Level IIT to resize, using different
sizing rules or the designer may return the design sequencs to
Level IT to evaluate the effects of an alternate design nission.

4,3.3.4 Level IV - Configuration Refinement

The goal of Level IV 1s to refinme a configuration by
applying nore advanced analysis metheds to the design.
Competing configurations may be evaluated bused on Level II and
Level IIXI data provided that sufficient configquration simiiaraty
exists to insure that consistent amalysis techniques have been
used. Therefore, only the best confaiguration of each type will
be selected for configuration refinement in Level TIV.

Block__IvV-1. Davelop Level IV TInpputs--The design and
analysis activities of Level III have enriched the data base
about the configuration. These new data, as well as criteria
and constraeints from Level II, will be put 1ntoc torms suitable
for the Level IV analysis wmethods. This action will be
supported primarily by the data base manager. Additionally,
user inputs and ainformation from the data hase not previcusly
required will bpe established. This activity 1s shown
symbolically at the head of Level IV, but due to the interactive
nature of Level IV, the data preparaticn activity may be done
selectively throughout Level IV,

block IV-2. Suatable S&C_Hind Tunnel Data 3vajlaple-—Goal:
Determine availability of stability and contrcl aerodynamic data
adequate to build a data base for analyses, In particular
determine availability of high angle of attack wind tunnel data
essential for accurate tail sizing.
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This is initially a man decision to search available data
files. In time this decision can he made by the computer when
a comprehensive SST data library exists. The importance of high
angle of attack data for horizontal +tail sizing is based on
Boeing experience in 35T design.

Block _IV-3. Stability apd Control ®ind Tunpel Data--Goal:
Wind tunnel data on a configuration similar to the design under
study is required to enable an assessment to be made of subsonic
speed pitch requirements and the sizing of the longitudirpal
control surfaces. High angle of attack wind tuannel dJdata at
supsonic speeds are particularly necessary, based on Boeing
experience, since theoretical predictions are not accurate (at
the present time).

Obvious sources of data will be soughkt from NASA and
industry wind tunnel tests. Actual wind tunnel testing may be
undertaken using existing wind tunnel @models similar to the
design configuration.

Block IV-4._ Stapility and_Control Data _Preparation-—Goal:
analysis of the configuration sized im Level III and modified by
wind tunpel data in Block IV-2 and IV-3 to provade a data bank
of preliminary stability and control static and dynagic
aerodynamics. Data will be available for future flight control
system and stability and control analyses.

Data prepdaration is performed in two separate Technical
Program Elements each consisting of two functional parts. S&C-
21 calculates pasic longitudinal static aerodynamrc stability
derivatives and control effects using aerodynamic estimates
_{automated where practical) with aeroeslastic corrections fron
Level III aralyses ({Blocks III-14, III-16, III-26). Program
SEC-22 uses the data of S&C-21 and estimates the 1longitudanal
dynamic derivatives. The total output of S&C-21 and -22 is now
available (along with mass and inertia characteristics) to have
dynamic and control analyses performed. The lateral and
directional axes are studied separately from +the longitudinal
axls; G8C-23 computes the static derivatives, SEC-24 computes
the dynamic devrivatives. The total output of both programs is
now available (along with mass and inertia characteristics) to
have dynamic and control analyses performed.

All program elements have optional inputs:

1. Aerodynamic estimating sub-routine can be bypassed by
inputting actual wind tunnel data,
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2. Aeroelastic data can be changed or modified at any
stage from inmitial estimates to current configuration
calculated values.

Block I¥-5._ _Flight Control System Synthesis & Analysis,
Rigid Body Modes and (SE--Goal: TFlight control system gains
and compensation filters are selected. The £light control
system design 1s necessary to provide required airplane handling
qualities. Components of the flight control systew are sized
£or weight considerations.

The tlight control system work for an SST is similar to Lut
more cratical than the corresponding work on a subsonic
transport. Flexibality and dynamic pressures are more
significant for an S$SST than a subsonic. The greater range of
the flight envelope (subsonic, transomic, and Supersonic)
reguires an involved gain scheduler. An SST generally relies
more heavily wupon a stability augmentation system than would a
subsonic transport. However, the same computational methods may
be used for either project.

Optamal control theory (FCS-3, FCS-6, and FCS-7) 1s used to
automate the parameter sizing process for each f£light condition,
The generalized inverse technigue (FCS-4 or FCS-5) 1s used to
force parameter compromises necessary for satisfying the fligkt
control system over the entire flight envelope. The resulting
control system 1is analyzed for stability margins by use of
classical linear controls analysis techniques (root lccus, Bode,
etc., FCS-1 or FCS-2). The preceding programs (FCS-1 and FCS-2)
perforem dynamic response checks to evaluate the compliance with
airplane tandling gqualities criteria. Revisions to-the flight
control system design may be mandated by the stabilaty and
control analysis Block IV-6 and the piloted simulater study of
Block IV-7.

Another computer progran development (FCS-12) 1is required
to si1ze flight control systemr hardware for a weights assessment.

The eyguations of wmotion for this level consist of rigad
body modes with static aeroelastic corrections (FCS-11l) instead
of the more costly elastic mcde representation. The gains aand
compensation would be tempered to anticipate elastic mode
problenms.

The entire flight control system synthesis pirocess 1S
automatic at this desaign level. However, a knowledgeable user
1s required to 1intervene 1if problems develep during on-line
operation.
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Block IV-6. Stability & Control Analysis; Static_and

Dynamic-—-Goal: Airplane analyses made to establish resizing

of control surfaces and stabilizing surfaces for satisfactory
handling qualities. Stability and control aerodynamic data from
Block IV-4 1is used 1in conjunction with the current flight
control system apalyzed 1in Block IV-5. A digital analysas
measures the airplane dynamic response and control response
characteristics. Flight simulation 1s undertaken in 1IV-7 to
establaish pilot's ratings and correlation with handling
qualities criteria. Single analyses check airplane control
surface capability for specific requirements such as low speed
pitch control, directional contrel for engine failure and
lateral comntrol for roll response.

The +technical program element (FCS5-1) 1is usea for the
airplane response characteristics and control effects; man
intervention 13 required to analyze these results with the view
of adjusting the airplane geometry to provide improved handling
qualities.

Technical Program Elements S§C-7, -8, -3, -10 and -11
periorm specific tasks to assess control surface capability for
the following requirements:

Takeotf rotation pitch control for
low speed performance

Landing flare

Minimum coutrol speed, ground directional contiol for

low speed performance

Minimum control speed, air

Roll respomnse criteriga——————-— lateral controel

Block_ _IV-7. Piloted Flight Sipulation-—Goal: Simulataon
of the airplane flying gualaities to establish feasibility of

control surface and empennage sizing of Level IIT and checked by
the dynamic analyses of Block IV-6.

The computerized pilot evaluation 15 contained in the
Tecnnical Program Element S8C-18. The actual piloted simulataon
15 described by S58C-19. These programs will wuse the basic
airplane characteristics from Block IV-4 and the flight control
system synthesized in Block IV-5. The response of the airplane
due to control inputs, gusts, and failures will be measured and
rated by the simunlation against established crateria.

Block TV-8. _Update deights - Type_ B--Goal: To update the
veights based on minor changes to the configuration in order to
achieve acceptable stabiiity and control. These changes are of
4 minor nature 1in that they do mnot result i1mn a geometry change
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which would affect the entire design, but 2nstead they would
primarily atffect the weight. An example might be to change from
a single hinged rudder to a double hinged rudder.

To account for these changes, the following weights
Technical Program Elements would be used:

L. For purposes of increasing the accuracy and decreasing
the computational time reguired to perforr the weights
analysis, it would be desirable to develop a welghts
Technical Program Element (WT5-15) which would re-—
execute only those portions of the weaights progranms
whose input had changed,

2. Update of the wing secondary structure mass elements
(HT5-7),

3. Opdate of the body/empennage sSecondary structure mass
elements (WIS-8),

4, Update of the fixed eguipment mass elements (WI5-10),

5. Generation of a weight statement patterred after the
AN 9102-D Fformat based on the previously calculated
nass elements (WTS-13)

Block 1V~9. _Geopetry Change~-Goal: Determine if a change
in flight control surface or tail stabilizing surface size,
location or defliection is reguired.

This decision 1s manual and human judgment wi1ll be
required. Trades of improved stability or control to meet
handling gualities criteria in Block IV-10 will decide af large
or small geometry changes are DecCeSSary.

Block _IV-10. S6C__Acceptable--Goal: Determine 1if the
stability and control handling gualities of Block IV-6 and IV-7
are adeguate and establish configuration changes to make trades
if required.

This decision is manual ard human Judgment will be
oxercised in the interprctation of handling gualities criteria.
Confiquration trades established in Block IV-7 will help make
this decision.

Block IV-11l., Start Wind Tunnel Model?--Goal: Decision to
be made about starting the design of a cruise shape vwind tunnel
model for testing in Level V.
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This is a man decision influenced by confidence gained in
the aerodynamic and stability and control design analyses
performed in Blocks IITI-3, III-33 and IV-6. Wind tunnel model
construction regquires up to 3 months design lead time, hence, anr
intelligent decision can shorten the +time to develop a
configuration design in Level V. This decision is comsidered
cach time this poaint 1n the network is passed.

Block_ IvV-12. Size_ _Actuators--Goal: Airplane weight
estimates made in Level III include statistical weights for the
flight control actuation system. Actuators and hydraulic power
requirements are sized individually in Level IV on a preliminary
basis using theoretical aerodynamic hinge moments, to improve
the airplane weight estimation and provide information for
hydraulic power requirements, reliability and redundancy
analysis, f£light control system synthesis and analysis, flutter,
and physical space requirements.

Eigid control surface hinge moment coefficients for all
control surrfaces are either estimated from theory or from past
experimental data and corrscted by estimated aeroelastic
effects. Technical Program Elements S&C-15 and -16 perform the
computations. FC5-17 provides hydraulic system requirements for
redundancy and reliabilaty.

Block IV¥-13., _Actuator _Change _Significant--Goal: Update
the description of the flight control actuvation used in the
flight control system synthesis and aralysis ir Block IV-5 and
piloted flight sipulatien im Block IV-7.

This change is maasual and human judgment will be exercised
in decidirg the need to update the stability and <control and
£light control system analyses.

Block IV-14., Relaability and Redundancy Analysis--
Goal ({1): To establish the reliability and redundancy of the
aircraft and its systams.

The f£light control system. 1s examined by FCs-17.
Previously assumed levels of redundancy are compared with
selected craiteria to assure that selected contrel systems and
supporting systems are adequate.

Goal (2) : To =stablish safety Teguirements and
allocations.

Ground and flight safety must be considered 1n design and

evaluation. Inflight safety 4is a function of the man/machine
performing in the overall operational environment. Requirements
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and allocations for inflight safety are developed from
historical data and the projected design mission profale.

Ground safety is affected by the aerospace vehicle itself
and 1ts operation aad 4interface with ground operations
equipment, personnel and facilities. Safety allocations and
requirements evolve from consideration of these factors, and
historical safety problems in relation to the projected ground
operations.

Development of safety design requirements and allocations
1s a manual function.

Goal ({3): To establish reliability and maintainability
requirements and allocations.

Both 1nflight and dispatch reliability wmust be considered
in design evaluation. Inflight reliability is mainly a function
of inherent reliability of the airplane egquipment. Reguirements
and allocations for inflight reliability are developed frem
historical data and the projected design mission profile.

Dispatch reliability is affected by available ground time,
capability to defer and perform maintenance regquired to dispatch
in the time available, as well as the inherert reliability of
the aerospace systen equipment, Both reliabilaty and
maintainability reguirements and allocations evolve fronm
consideration of these factors and history in relation to the
projected design mission profile.

Development of reliability and maintainability desaign
reguiremenrnts and allocations is a manual function, supported by
REL-6 to -13, REL-15 to -840 and REL-42.

Goal (4): Te evaluate failure mode effscts and deterumine
needed corrective action. This analysis focuses on relaability,
maintainability and safety problems and serves as a starting
point for quantitative system reliability and safety analyses.

The effect of £failore of all identified functions and
components 1is determined within tne system for each failure
node. Means of recognizing the failure and compensatory
provisions and procedares are identified. Order cf probabality
of occurrence of the event is assessed.

Performance of the failure meode effect analysis 1s nanual.

OQutput 158 a tabulation by £function or component of factors
associated with its failure modes.
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Goal (5): To identify <fault hazards associated with
operation of the system and theirr satfeguards.

A fault hazard analysis dis a tabulation of all hazards
identified with operation of the system through each phase of

operation. Function, component, operator failures and
combinations of failures causing the hazard are identified.
Order of probability for each combination 1is assessed.

Compensatory provisions and procedures are identafaed.

Performance of the faunlt hazard aralysis is manual. Output
is a tabulation by hazard of factors associated with its
OCCUTLI ence. The analysis is supported by REL-6 to -13, REL-15
to -40 and REL-42.

Goal (6): To assess relative merits of the tlight control
system design trade studies and to assess the oveirall system
from the standpoint of safety and reliability.

Flight safety and redundancy studies of the flaght control
system 1n all flight phases and desiqgn conditions are studied.
Fault tree (REL-5) analysis 1s used for overall airplane f£light
safety assessment of the controi systenm.

Redundancy studilies within the flight control subsystems are
performed with the COBRA (REL-3), the ARMHM (REL-2) and CTS (REL-
14 and —41) programs.

Block IV-15. FCS Criteria Met?--Goal: Determine 1f the
flight control system criteria has been satisfied.

This decision is manual, and human Jjudgment may be
axercised in the interpretation of the crireria. If definite
control system difficulties are present in the design, the IPAD
process 1s stopped, and a review is held.

‘Block_IV-16, _Technical Review to Determipe Action—--Goal:
Determine Trequired action: further control system refinements,
moai1fication of craiteria, podification of airplane, or
godification of flight envelope.

These decisions will generally be a committee function
outside of the IPAD systen.

Block IV-17. Update Propulsion System Desagn—-—Goal:
Update all propulsinn system data to show the effects of the
Propulsion Installation Analysis {Block IV-17a).

311 propulsion and noise data will be updated tc concur
#with the current propulsion system configuration per Block IV~
17a.
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Block_ _IV-i7a. Propulsion_ _Imstallation Analysis--Goal:;
Analyze and refine the installed propulsion system in a parallel
aeffort to the IPAD mainstrean.

211 Propulsion and VNoise disciplines will be involved 1n
the analysis and refinement of the anstalled propulsion systen.
This effort will involve such areas as inlets, nozzles and
thrust reversers, acoustic treatment, airbleed and horsepower
extraction requirements, accessory equipment, as well as the
bare engine components (compressor, turbine, etc.). The &fifort
may reguire the use of propulsion and noise modules PRO-1, -2,
-3, -4, -5, -6 and PNZ-1.

Block IV-18. Ingstalled Thrust/SFC Change _Significapt? --
Goal: To evaluate the change in the installed tarust or
specitic fuel consumption.

The performance and sizing calculations of Level III
assumed an 21nstallation penalty to thrust and SFC based on
historical or empirical values. While the Level III and Level
IV analyses were conducted, outside activity has been carried
out to establish by analysis and tests more accurate values for
the installed thrust and SFC. If these values are significantly
different than the ones assumed in the sizang activities, then
the design must bte returned to Level III to be resized.

Block_IV-19. Size Puel Hapagement System-—Goal: This
activity will calculate the fuel transfer rate regquired by the
fuel management system to manage the travel of the airplane
center of gravity.

Before the fuel management system can be sized, module PEF-
2 will calculate +the deceleration of the airplane due to
critical engine failure. The appropriate drag modules (ARO-5,
-6, =7, =9 to ~-12)y, thrust modules (PR0O-3 to -6), and weight and
balance modules (WTS~-7 to =15, -26) will support this
calculation. From this, the required fuel transfer rate to
correspond with the aerodynamic center of pressure novement can
be determined. The fuel management system will be checked
jgainst this fuel transfer rate and resized 1f necessary.

Block __IV-20. Reguirements _Fxceced _Limpits?--Goal: to

determine if the fuel +transfer system is within acceptable
limits.

The fuel system to maintain critical travel of the center
of gravity has been sized by Block IV-19. If the pump sizes and
power requirements and the fuel line diameters are acceptable,
then the design process will proceed.
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Block _IvV-21. Technical Review to_Determine Action-—-Goal:
To determine how to reconfigure a geometry with an excessive
critical engine-out longitudinal center of gravity travel.

If the fuel system transfer rate to match the center of
gravity travel 1s excessive, this constitutes a VerLy serious
configuration deficiency. A technical review is held to assess
the situation and to recommend the configuration revision gost
likely to solve the problem. Part of that recommendation s1ll
be instructions as to the next part of the design sequence to be
executed.

Block IV-22. Systems _Desiyn-=-Goal (l): To defire systen
concepts and sizing criteria in sufficient detail tc insure that
design requirements are identafied and to provide sSizing
information for weight and balance estimating.

Flight Control System——Schematic diagrams are developed for
each contiol system using data developed by FCS-12, -15, -17 and
STM-2, —3, —-4. Critical mechanical elements such as control
mixers and feedback concepts are 1dentified and design criteria
are established. Actuator sizing and redundancy crateria are
developed by network Blocks IV-12 and IV-14 and the actuators
are sized by FCS5-15.

Landing Gear-—Schematic diagrams are developed for the
brake system and the steering system. Sizing criteria for the
brakes, wheels, tires and steering are developed (STH-14, -15,
and -18).

- Hydraulics—-A schematic diagram 1is dewveloped £for the
hydraulic system. Load analysis inputs are used to determine
fluid flow requirements, to establish distribution paths and to
size pumps. Load balancing and component sizing trades are
conducted (STE-2, -3 and -4). Critical hydraulic system 1tenms
are identified and design criteria are establashed.

duxiliary Power Unit (APO)--A loud scheduvnle dis determined
for shaft power and air flow (STM-8). Critical considerations
such as capabilaity for inflight starting are ddentified and
design criteria are established.

k3

Environmental Control System (BCS)-—-Schematic diagrams are
developed for the ECS system and the pneumatic ccntrol aund
distribution systenm. Propulsion and APU i1interfaces are
established. Load analysis ainputs are uased +to determine
requirements for heating and «coolaing cycles {ST¥-10, -11 and
-12) . Critical considerations such as teamperature pulldewn
capability on a hot day are identified and design criteria are
established.
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Elecirical Power System~—A schematic diagram 15 developed
for the electrical power system. Load analysis inputs are used
to determine power generation requirements ({STM-20}. System
arrangenment trade studies provide initial optimization of
egquipment relationships (STM-21). Critical consigerations such
as loads which reguire source redundancy are evaluated and
design criteria are established.

Avionics——Mission profile data is used to determine
regulrements for avionic subsysters: navigation, <flight
instruments, communication, weather radar, utility and advisory
equipment, Elecirical and cooling loads are determined {STH-
13). Critacal considerations such as Cateyory IIIa landing
capability and requirements for antenna locations are evaluated

and design criteria are established.

Fuel System—-Schematic diagrams are developed for the
foliowing tuel subsystems: refuel, fuel vent and surge, and
engine fuel feed. Flow rates, Tefuel time, =tc., are used +to
establiish line sizes (STH-26, ~-27, -28, -29, and -30). Critical
considerations such as pressure constraints, valve failure
cases, Wwing deflections, and guantity gauging requirements are
identified and desigmn criteria are established.

Goal (2): Comparative evaluation of design trade study
contigurations and assessment of contiguratiocns against the
reliability, maintainability and safety requirements and

allocations.

Pault tree simulation {REL-5) , computerized Boclean
reliability analysis (REL-3), automatic reliability mathematical
podeling (REL-Z), and CTS (REL-18 and ~41) are used for studies
at this level. Program selectiop 1s dependent on problem and
Systen complexity and comparative factor selected for
evaluation.

block IV-23._ _Update Weights - IType B __(Non-Structural)--
Goal: To caiculate updated mass propertices for the non-
structural items which have changed since the analysis which was
made by Block I1I-19 was performed. The primary changes will be
to the propulsion groups (Block IV-17) and the systems groups
{Block IV-22). )

To accomplish this activity thes following Technical Program
Zlements are involved:

1. For purposes of increasing the accuracy and decreasing
the computational time requirea to perform the weights
analysis, 1t could be desirable to develop a weiqghts
Technical Program Element (RT5-15) which would re-
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execute only those portions of the weights programs
whose input had changed,

2. Update of landing gear mass elements (WTS-9),

3. Update of nacelle and strut, propulsion, frxed
equipment, and standard and operatioral mass elemants
(4 15-10),

4. Update of fuezl mass elements (WTS-11),

5. Accumulation of mass eleuments withan each structural
panel and the calculation of weight, c¢enter of
gravity, and inertia for each structural panel and for
the wing, body, and empennage {(NTS-12},

&. Generation of a weight statement patterned after the
AK 9102-p format based on the previously calculated
mass elements (WIS-13),

7. Caiculation of total airplane mass properties tor the
various points on the balance diagram ard the
determination of updated panel mass properties tor the
structural aralysis in Blocks 1V-20 and IV-21 (WTS-
14y,

Block _Iv-24. ntered at M?--This is a computer decision.
At this position 1in the design cycle a neea to repeat Blocks IV-
26 through IV-63 1s not required.

Elock 1IV-25. _Stabilaty Deraivatives Change _Signifigant?--
Goal: Decision to repeat the analysis for equaticns of motion,
dynamic loads, structural analysis, static loaas, weights
update, flutter analysis and £1light control system in Elocks IV-
48 through IV~-6H4.

This 1s a maa decision based on the change in the stability
and control derivatives, evaluated in the data preparation Block
IvV-4, due to 1iwproved aercelastic corrections obtained during
the first pass through Level IV. A significant change 1n these
flexibles ailrplane derivatives will necessitate a recycle of the
tasks identified above.

Block IV-26. Airpilane Static_Loads--Goal: Calculation of
load distribution on the major airframe components resulting
from desigan conditions (static and gust torwulae) and a fatigue
mission profile.

Static loads for a4 supersonic configuration would be
generated using a pancl representetion oI the airplane. The
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method used 1s based on Woodward's 1lifting surface method.
Matrix methods are used to solve simultaneous linear egquations
for loads, deflections, accelerations and stability derivatives.
The current program {SLO-4) computes unit and balanced 1locad
solutions for symmetric wmancuvers of a rigid or flexible
airplane. Integrated panel loads along a user defined axis give
shear, moment and torsicn.

This prograam forms the loads module within the ATLAS systen
(STR-6).

FPlight condition data would be input py a knowledgeable
user.

Any requireasents for loads on secondary structure would be
met by hand calculations based on data from a similar past
configuration.

Block EV-27. Determine Thermal Fffects--Goal: To predict
the effect of +thermal heating on the aircraft's praipary
structure.

This estimation will be done by STR-15 for +two npissions,
namely the intended design mission and the desigh mission with
an emergency descent. The result of the estimation will be the
temperature history of the aircraft's primary structure.

Block___IV-28. Size _Structure _for Strength and Fatigue—
Goal: Preliminary detailed sizing of the primary structure fer
strength and fatigue (fail-safe design) to 1mprove estimates of
dairfrane structural waignts and elastic responss
characteristics.

For the structural arrangement and structural concepts
defined in Blocks III-12 or ITII-2&, the si1zing established in
Block IXII-16, the lcads <calculated 1in IV-26 and the thermal
effects from IV-27, the primary structure is sized for strength
and fatigue. The strength sizing will be bas=d on rfinite
element technology (e.9., SIR-6). Approximately twice the
detail of the Block III-16 sizing 1s cnvisaged for Block IV-28.
Thus, the model would have 600-1000 nodes with 1500-2500
elements. Where applicable, elementary bear theory (STR-3, -4)
would be applied for detailed sizing consistent with the finate
elepernt model detairl. The resultant sizing could be represented
in the model as an =ayuivalent beam or as a distributed section
using offset tachneology or gereralized constraints. Using
generalized constraints would increase the number of nodes
significantly, but would nrot necessarily increase the number of
active freedoms ({(unknowns). The finite element model is also
the basis for the fatigue sizing (STRE-53).
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Material properties, structural component allowables,
Fatigue Reliability Factors and Detail Fatigue Ratings for major
component structure ar- obtained from the Data Base.

Block _IV-29, Fl=xibility_ Change_ Significapt?--Goal: A
computer or man decision on the significance of the <c¢hange in
flexibility.

Loads are caiculated for a given flexibility, the resultaing
strength designed structure 1s sized and a new flexibility
calculated. 1If +the <change in f£flexabilaity 21s such that a
significant loads cnange would result the loads and sizing
Blocks IV-26 and IV-28 are repeated.

If the change is not sagnificant the resultaing structure is
weighed {Block IV-30).

Block_1V-30. _Update Pramary Structure _Yeights--Goal: To
update the primary sStructure weight based on the refined
skin/stringer material sizes suprplied by the stress apralysis in
Block 1IV-28, and present the Tresults in the form of a weaght
statement in order that the structural concepts cah be
evaluated.

To accomplish this activity 1involves Technical Prcgram
BElements whicn do the following:

1. Execution of the weignts update control (WTIS-15) which
would re-execut¢ only those portions of the weilghts
Technical Prugram Elements whosc input had changed,

2. Update of wing prisary structure nass elements based
on stress sizad skin/stringer material (WIs—-Z21),

3. Updats of body/2mpennage primary ,structure mass
elements based on stress sized skin/strainger material
(WTS-21),

4. Update of wiany secendary structure mass elements (WTS-
18),

5. ipdate of body/empennage secondary structure mass

elements (WT5-173),

6. Generation »f a weight statement patterned afrer the
AN 9102-0 Lormat based on the previously updated pass
elaments (WTIS5-13).
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Block IV-31. Structural Concepts__Satisfactory?-- Goal:
Provide for investigation of alternate structural concepts and
arrangements.

Review the structural concepts and arrangements identified
in Block III-12 and sized in Block IV-28 for possible areas of
improved efficiency. Saould the design be judged adeguate work
would commence at Block IV-32. Should a more optimum design be
required, it would be identified 21m Block IV-3la.

This decision is manual and heavily 1nfluenced by Judgment
relative to producibility and risk.

Block IV-3la, Redefine Structural Concept and
Arrangements~-Goal: To optimize structural concepts and
arrangemnents.

2lternate structural concepts and arrangements would ke
investigated for those areas identified as candidates for
improved structural efticiency ain Block 1IV-3]l. Sizing for
strength and fatigue (Block IV-28) of the original concepts and
arrangements (Block 1III~12) has provided a baseline for trade
studies of possible alternate designs.

Input data from DSA-1, -2, -3, and -4 would be modified
using the interactive design tool of [DS5a-5. all of the
considerations of Block III-12 will be anvelved in a process
heavily influenced by manual Jjudgment an the anteractive
process. STR-3, -4 and -5 would provade structural sizing data
upon which this judgment would be based. The modified concepts
and arrangements would then be resized in Block IV-26 to provide
a new baseline airframe structure (DSa-1l, -2, -3, -4, and =5,
DGL-7 and -9).

Block IV—-32. Update Welght, Balance and Loadabizliity
- _Type C-—-Goal: To calculate Type C weignt, balance, and
loadability for the configuration which bas been sized for
strength and fatigue. The primary structure weights are based
on stress sized skin/stringer material.

Most of the Technical Program flements required to suppocrt
+hi1s activaty were exscuted in Blocks IV-23 and IV-30. The
additional Technical Program Elements required would be:

1. Execution of welights update control (WTS5-15),

2. Update of fuel mass elemenis {RTS-1l),

3. Accunulation of mass elements within each structural
panel and the calculation of weight, <center of
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gravity, and 1nartia for each structural panel and for
the wing, body, and empennade (WIS-12),

y, Generation of a weight statement patterned after the
AN 9102-D format based on the previocusly updated mass
elements (WT3-13),

5. Update of total arrplane mass properties for various
points on the balance diagram and update of yanel mass
properties for recycling through tke structural
analyses (WTS-14).

Block IV-33. Panel sass/In=rtia Change Sagrificant?--~Goal:
Since the loads analyses are sensitive to parel mass properties,
eacih time the welghis analyses updates the panel's mass, center
of gravity and inertia, the =2ffect of these changes on the loads
analyses spould be examined. If the pancel mass properties
chaligss are signilicant, the loads and the sStructural analyses
should be re—exacuted.

Block_ __IV=-34, Loadibility/0EM Criteria Net?--Goal l: To
compare the OEd wnich is calculated by the weights anpalysis
(Block IV-31) and thne reguired OE¥ as =s1zed by the cruise
performance analysis (Block TIII-3) and ro dctermine 1if the
diftereuce hetween the OEW'Ss are within acceptable limits. If
the diftference 1s too great, the geometry module (Block ITI-2)
will be regquired to vrTasize the contiguration. The reguared
changess are man controlled in Level IV.

Goal 2: To compare the available forward and att center ot
gravity limits as determined by the stabality and control
analysis (Block IV-6) and the Tegunired forward and aft center of
gravaty balance and loadability limits ag determined by the
weights analysis {Blog¢k IV-32). If the difference between ths
reguired and avallable center of gravity limits 1s too great,
the geometry module (Blocx III-2) will be required to resize the
empennage. IL tne OEW cg position does not result in acceptable
airplanas balance, the geometry module (Block III-2} will be
requirea to adjust the position of such items as the wing and
gear relative o the body. The required changes are wman
controllied in Level IV.

Block _IV¥-35. Eyuation__of Motion - Flutter Option-—Goal:

Formulate egquations of motion tor flutter analysis ot rtefined
confiyurations.

Activity here 1s basically the same as design network Block
I1I1-23. However, more refired stiffpness, mass and vibration
information will be available as input.
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Block_IV-36._ _Proposed__Flutter Suppression _System-——Goal:
A flutter suppression control system 1is synthesized for the
purpose of increasing the flutter speed.

The procedure for selecting gaimss and filters is similar to
the procedure described in Block IV-5. Thus, the optaimal
control +theory progrems (¥CS-3, FCS-b, and FCS-7) and the
generalized inverse technique (FCS-4 or FCS-5) will be uscd as
an aid to parameter sizing. However, the criteiria and the
emphasis of elastic modes make this block differ from Block IV-
5. The strategy 1is +to increase the flutter speed as nuch as
possible without introducing stability problems. Sensor
location and control surface =size and location are critical
considerations. Due to these ceomplexities, manual interventaion
15 required 1n the synthesis process., In partacular, classical
controls methods of FCS~1 or FCS5-2 will ke used for the majority
of the synthesis effort. WNote that FCS5-1 requires a development
of Nygquist and Hode technigues for accommodatingy the £frequency
Jdependent {complex coefficient) flutter matrices.

The eguations of motion formed for the flutter analysis
{Block IV-35) can also be used for +the flutter sSuppression
system work. However, egquations of motion based upon guasi-
steady aerodynamics combined with the Wagner function wmay also
be used. This latter set will be used for cost considerations.

Block IV-37. Proposed Fix-—Goal: Determine changes on
confaguration geometry, mass, QT stiffness for flutter
clearance.

The c¢ritical flutter coaditions identified in design
network Block IV-38 will be analyzed to appraise flutter
mechanism using an enerqgy display approach {SFL-13). Parametric
flottar trend studies on stiffness changes, mass changes for
2ach geometry change {if any) will be conducted to determine how
the fletter deficiencies should be removed. When a portion of
the structure is to be changed, the mass and stiffness matrices
of only those substructures affected by the change are
recalculated, and merged with the umnchanged substructures (SFL-
21) . These +treznd studies are performed through the design
network Blocks IV-35, IV-38, IV-39, and IV-37. This loop is
terminated when the desired flutter clearances are achieved.,

Block IV-38. Flutter Analysis--Goal: Evaluate flutter
boundaries of the refined configurations.

Flutter boundaries of the refined configurations will be
determined over the flight envelope by the same sclution methods
used in design network Block ITI-24.
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Blogk _IV-39. Plutter Criteria Met?2--Goal: Determine 1f
the flutter criteria have been satisfied.

This decision 1is manual. If flutter defaciency exists,
inprovements will be made by: 1) geometry, mass, Or stiffness
change; 2) active flutter suppression system. A decision will
be made whether 1) or 2) or both should be used to satisfy

flutter requirements.

Block IV-40. Geometry__Change2--Goal: petermine 1f a
configuration change is required for flutter clearance.

This decision is manual. Geometry changes in teres of
nodirfications to existing main lifting surfaces, control
surfaces or addition of new control surfaces may be the resulrs
of the design network Blocks IV-36 and TV-37. If the gecnetry
change 15 required to clear flutter, the design flow will return
to the start of Level ITI.

Block Iv-41. se Flutter Suppression System?—--Goal:
Decide whether or not to use an active flutter sSurpressicn
SYStem.

The flutter suppression system synthesis 1is described in
Block 1IV-36. The decision 15 manual and involves considerations
of benefits, risk, cost, complexity, and weight.

Block IV-42. Update PCS--Goal: Resize the flight contrel
components for weight consideraticns.

The additional componrents reguired for the flutter
suppression system will be estimated. A computer program
dovelupmsnt is required {PCS-12).

Block IV-43. Change _Stiffness?-—Goal: Determine 1f
structural stiffness change should be made for fiutter
clearance. .

This decilsion 1s manual. If the =stifiness 1increase
{identified 1in the design network Block IV-37) over the strength
and fatigue sizing is to be made to clear flutter, the required
stiffness w1ll be provided for design network Block IV-44. If
the answer to the guestion 1s no, design network block IV-45
will ©be executed and any wpass change 1rTegquired for flutter
clearance wl1ll b= input, only when it was 1dentified 1m Block
Iv-37.

Block IV-48. _Update Structural Sizaing. Goal: To identafy
flutter-prescribed resizing for updating the primary structure
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weight and to establisan minimum size coastrainrts for all further
strength and fatigue design activities.

If a stiffness (sizing) inecrease over the strength and
fatigue sizing 15 reguired +to meet the flutter criteria, the
sizing required is identified and updated. For all skin and web
gage increases, the stiffening material will be compared to the
minimun allowable stiffening material and increased 1f regquired.
Flutter-prescribed sizing %ill be considered to be mirimum size
coustraints in all further strength and fatigue S121ng
activities.

Block_IV-45, _Update Weaghts, Balance, and lLoadability
--Type_C--Goal: To calculate Type C weight, balance, and
loadabi1lity for the configuration which has been sized for
strength, fatigue and flutter.

To accomplish +this involves Technical Program Flements
which do the followaing:

1. Execution of weights update control (®TS-15) which
would re-execute only those portions of the weights
Technical Program Elements whose input had changed,

2. Update of wing primary structure mass elements based
on stress sized skin/stringer material (WTS-21),

3. Update of body/empennage primary structure mnass
elemants based on stress sized skins/stringsi naterial
(WTs-21),

4. Update of wing secondary structure mass elements (HIS-
18}, ‘

5. Update of body/empennage secondary structure nass

elements (WIS-19),
6. Gpdate of fuel mass elements (WTS-11),

7. Accumulation of mass elements within each structural
panel and the calculation of weight, center of
gravity, and inertia for each structural panel ard for
the wing, pody, and empennage (WTS-12),

8. Generation of a weilght statement patterned after the
AN 9102-D format hased on the previously updated mass
clements (WT3-13),

9. Calculation of total airplane mass properties for
varTious points on the balance diagram and the
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determination of updated panel wass properties for
recycling through the structural analyses (WTS-14).

There will be no updating of the flight control systenm
weights until the effects of the f£light control system changes
can be Tetlected in the other airplane systems analyses (Block
IV-22). Therefore the flight control system weights will be
updated 1n Block IV-23.

Biock _IV-46, Loadability/0ERW _Crateraia Met?——Goal 1: To
compare the OEW which 1s calculated by the weights analysas
(Block 1IV-43) and +the reguired OEW as sized by the missaon
analysis (Block 1III-3) and to determine if the difference
hetween the ODEWfs are vithin acceptable limits. If the
difference is too great, the geometry module (Block TII-2) will
be required to resize the configuration. The reguired changes
are man controlled in Level IV.

Goal 2: To compare the available forward and aft center of
gravity limits as determined by the stabilaty and control
analysis (Block IV-6) and the required forward and aft center of
gravity balance and 1loadability limits as determined by the
weights analysis (Block IV-45). If the difference betweer the
required and available <center of gravity lim:its 1s tco great,
tnc geometry module (Bleck III-2) will be required to resize the
espennage. If the OE¥ cg position does not result in acceptable
airplane balance, the geometry module (Block ITI-2) will be
required to adjust the position of such items as the wing and
gear relative +to the body. The required changes are man
controlled in Level IV.

Block _IV-47. Entered H From _J2--This 1s a computer
decision. The decision in Block IV-60 to do flutter apnalysas
requires a recycle through eguations of motion (Block IV-35} and
subsequent events {Blocks IV-38 through 1V-46} but no recycle of
avents (Blocks IV-48 through IV-60) which are primarily updated
analyses.

Block IV-48. Eguations of Motioun--G6oal: To establish the
equations of motion prior to investigating the aynamic lcads and
ride quality.

The unaugmented guasi-steady equations cof motion generated
in Block Ei-I1l are 1 sct of theoretical eqguations with
experimental corrections incorporated intc them to more
realistically represent the actual airplane. This block will
incorporate the SAS system into the equations of motion using
Technical Program Element SDL-2, The flight conditions for
which +the equations of motion are +to be generated will be
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manually selected to be adeguate for the Dynawmic Loads Block IV-
49,

Block IV~49. Dynawic Loads apd Ride _Quality Evaluation--
Goal: The purpose of this element 1s to provide design lcads to
512e the structure of the airplane. However, the many facets in
providing these loads reguires the skilil of experienced
dynamists.

To provide design f£light gust leoads, it is necessary to
pick points on the flight envelope in terms of altitude, speed,
payload, and fuel loading which may produce the maxaimuim dyhanic
loads on any selected location of the ailrcraft. The first step
is to check the stability (SDL-3) of the eguations of motion
(Block IV-48). Then, the equations of motion and load equations
generated from data of Block EN-10 must be analyzed hy a
discrete gust analysis (SDL-6), a statistical PSD gust analysis
{SbL-4) using the design envelope appreoach, and a statistical
gust analysis for a typicail mission profile using programs SDL-
4 and S5DL-5. Fatigue sizing of the aircraft also requires a
mission profile gust analysis which generally has a lighter
payload than 1n tne design envelope analysis. The mission
profile is an average payload and fuel distraibution that would
be experienced during an average mission that the airplane is
designed for. The design envelope and discrete gust approach
uses extreme loadings that are possible to obtain the highest
loads on the airplane. The gust profile coasidered must be both
a vertical and a latesral gust considered independent of each
other.

The ride gualities should be evaluated at this time an
terws of lateral and vertical accelerations along the body.
Until an absolute craiteria 1s developed, the ride gualities
would have to be compared guantitatively with existing aircraft.

The design ground loads would be caluclated with & dynamic
math model simulating both a landing impact amd a taxx analysis
{(5DL-7} on various measured runvays aroand the world. The ride
qualities during taxi would also be evaluated at thas time.

Block _IV¥V-50. _Determine_Thermal Effects—--6oal: To predict
the effect of thermal heating on the aircraftts primgary
sfructure.

This estimataion will be dore by STR-18 for two missions,
namely the intended d=sign mission and the design mission with
an emergency descent. The result of the estimation will be the
temperature history of the aircraft's praimary structure.
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Block IV-51. Structural Analysis for Strepgth and Fatigue-—
-Goal: To deterwine the margins-of-safety {strength and
fatigue) of the previously sized detail structural elements for
the dynamic load conditions of Block 1IV-49,

For the primary structural sizing established 1n klock IV-
2B and as updated by Block IV-44 for flutter, stress analyses
are perrormed for the dynamic locad conaitions ceof IV-49, The
capability to perform analysis only (without resizing) to obtain
margins-of-safety is inherent in STR-3, &, 5, 6, etc.
Therefore, analysis, rather than desigu, is used to obtain the
computational c¢ost savings available when no negative margins-—
of~sarety exaist for the dyramic leoad conditions and, when the
flexibility and weigat changes, 1f any, since the last static
Joads calculation (Block IV-28) are too sSmall to produce a
significant change in the statie loads. It should be noted that
the cost of an analysis 1s estimeted as ome-third, o1 less, that
of a design sizing. ~further, there should be very fevw dynanic
load conditions compared to the number of static lcad
conditions.

Block IV-52. Negative Margins—of-Safety?--Goal: Computer
decision to determine if the dypamic load copditions are
critical for any of the previously sized detail structural
elements.

Block IV-53. _Airplane Static Loads--Goal: Calculation of
load distributions on the major airframe components resultang
from design conditions (static and gust formulae) and a fatigue
mission profile.

Static 1loads for a4 supersonic configuration would be
generated usany a panel representation of the airplane. The
method used 1s basau on Woodward's lifting surface method.
Matrix methods are used to solve simultaneous linear equations
for loads, deflections, accelerations and stability derivatives.
The current program {SLO-4%) computes unit and balanced load
solutions for symmetric wmaneuvers of a <rigqad cr flexible
arrplanc. Integrated pan:l loads along a user defined axis give
shear, moment and torsion.

This program forms the loads module within the ATLAS systen
{STR-b}).

¥light condition data would be input by a knowledgeable
aser.

Any requirements for 1loads on secondary structure would bhe

met by asand calculations based on data from a similar past
configuration.
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Block IV-54. Determine Thermal Effects--Goal: To predict
the ef fect of thermal heating on the aircrart's primary
structure.

This estaimation will be done by STR-15 for two missions,
naitely the 1intended design mission and the design mission with
an emergency descent. The result of the estimation will be the
temperature history of the arrcraft's praimary structure.

Block T1¥-55. Structural Sizing for Strength _and Fatigue--
Goal: To modify the preliminary detailed sizing of the primary
structure for strength and fatigue (fail-safe design) for
c¢ritical dynamic load conrditions and revised static loads
resulting from structural flexibility changes.

Using the structural definition (geometry and sizing)
established in Block IV-28, with the sizing as updated by Block
IV-44, the primary structure is resized for strength and fatigue
tor fail-safe design (STR-3, -4, -5, -6, etc.}. Static load
condition data and the correspondinrg thermal c¢ffects from Blocks
I¥~53 and IV-54, Tespectively, are used 1n conjunction with the
dynamic load conditioun data (Block IV-49) and the corresponding
thermal eftects (Block IV-50) for the resizing. The sizing
activaities performed parallel those of Block IV-28.

Block _IV-56. Flexibility Change_ Signifaicant--Goal: A
computer or man decisaion on the significance of the change in
tlexibality.

Loads are calculated for a given flexibalaty, the resulting
strength designed structure iz sized and a new flexibality
calculated. If <the change in flexibility is such that a
significant loads change would result the loads sizing routines
{Blocks IV-53 and IV-55) are repeated.

If the chanhge is not significant the resulting stracture 1is
weighed (Block 1IV-57).

Block IV-57."” Update Weigqhts, Balance, and
Loadability =~ Type C--Goal: To calculate Type C welght,
balance, and loadability for the configuratior which bhas been
sized for strength, fatigue, flutter, and dynamic lcads.

To accosplish +this 1nvolves Technical Program Elam=ants
which do the following:

1. Execution of weights wupdate control (WT5-15) which

would re-execute only those portions of the weights
Technical Programr Elements whose input bhad changed,
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2. Update of wing primary structure mass elements based
on stress sized skin/stringer material (WIS-21),

3. Update ot body/empennage primary structure Bass
elements based on stress sized skin/stringer smaterial
(#T5-21),

4. Update of wing secondary structure mass elements (WTS-
18),

5. Update ot body/empennays sS2condary structurfe RBass
elements (WTS-19),

be Update of fuel mass elemeéents (WTS-11),

7. hecumulation of mass elements within each structural
panel and the calculaticn of weight, center of
gravity, and inertia for each structural panrel and tor
the wing, body, and empempage {WTS-12),

3. Generation of a weight statement patterned atter the
AN 9102-D format based on the previousiy updated nmass
elements (WTS-13).

9. Calculation of total airplane mass properties for
various points on the balance diagram and the
determination of updated panel mass properties for
recyclang througqgh the structural analyses {¥TS-14).

There will be no wupdating or the flight control system
welghts until the 2ffects of the flight control system changes
can be reflected in the other airplane systeme analyses (Bleck
IV-22) . Therefore the flight control system weights will bhe
upaated in Block IV-23,

block _IV-58. Pansl MassszIntertia _Change Siypificant?--
Since the loads analyses are sensitive to panel mass properties,
2ach time the weights analyses updates the panel's mass, center
of gravity, and inertia, +the effect of these changes on the
loads analyses should be examined. If tne panel mass properties
changes are significant, the loads and the structural avalyses
should be examined.

Block _1I¥-59, Loadabaility/ORW Criteria Met?--Goal 1: To
compare the OEW which is calculated by the weights analysis
Block 1IV-57 and the required OEW as sized by the cruise
performance analysis {Block ITI-3) ard to determine 1if +the
difference between the OEW's are within acceptable limits., If
the difference 1s too great, the geometry module (Block 1II1-2)
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will be required +to <resize the configuration. The reqguired
chaages are man controlled ain Level IV.

Goal 2: To compare the available forward and aft center of
gravity limits as determined by +the stability and control
analysis ({Block IV-6) and the requirea forward and afit center of
gravity balance and 1loadability 1limits as determined by the
weights analysis (Block IV-57). If the difference betuween the
required and available center of gravaity limits is tco great,
the geometry module (Block IXII-2) will be required to resize the
enpennage. If the OEW cg position does not result in acceptable
airplane balance, the geometry moduls {Bleck IXI-2) will be
required to adjust the position of the wing and gear relative to
the body. The reguired changes are man controlled in Level IV.

Block IV-60. _Do__Flutter _Analysis?--Goal: Determine 1f
further flutter aralysis is regquired.

Kanual decision 1s wnade to determins if further flutter
analysis should be performed to ensure the proper <flutter free
performance of the newly derived confiquration with strength
design in which dyramic loads and ride quality effects are
included.

If +the answer to ths question is yes, the design flow will
go back to design network Block IV-35. Otherwise, the
configuration will be ready for flight control system synthesis
and analysis (through design network Blocks IV-62 and 1IV-63).

B8lock IV¥-61. Start Transonic Flutter Nind Tunnel
flodel?--Goal: Determine 1f design of transonic wind—
tunnel flutter model should start.

Manual decision will be made here to determine the start of
transonic wind tunnel flutter model design. Due mainly tc the
uncertainties of the theoretically predicted unsteady airloads
at tramsonic, high subsonic, and 1low supersonic regimes, a
transonic wind tunnel flutter model testing program is always
required. Once the go ahead decision is made, the design of the
modael wrll begin 1n Blocks V-11 and V-12. The start of model
design at this event will rrovide some lead time before a go
ahead in Level V.

!

Block IV-62. Equations of Motion - Quasai-Steady  Option--
Goalz: Develop the eguations of motion to be used for flight
contrcl system work.

The equations of motion consist of the rigid body modes and
about 10 elastic modes. Two basic sets of data are preduced,
namely longitudinal axis equations and the lateral-directional
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axes equations. Approximately 10 operating points are required
to cover the +flight envelope. Quasi-steady aerodynamics are
sufficient for +the £flight controls problen. Estimates of
control surface and actuator dyramics will be adequate at this
stage in the design process.

Block IV-63._ Flight Control System Synthesis_and
Analysis-—-Elastic Body Modes—-Goal: Re-examine the flight
control system using elastic body modes and modify the control
systen as needed.

The previous handling gqualities control system work (Bleck
IV-5) is performed using simplified rigid body egquations of
motion. Although elastic modes were not used in Block 1V-5, the
static aeroelastic effects were simulated and the gains and
compensation networks were tempered to anticipate higher
frequency dynamics. It is anticipated that flight contreol
system modifications will be minor. If the flight control
system craiteria is not satisfied due to presence of elastic
modes, the situation will be examined after the end of the Level
IV computational activity. The decision will then be whether to
press for more control system refinements or to mrodify the
airplane or flight eavelope.

Block IV-49 evaluated the ride guality of the airplane. If
ride improvement is required, a rT1de guality stability
augmentation system (RQSAS) will be developed at this point.

Computational activity wwill be similar to Block 1IV-5.
Technical Program Elements FCS-1 through FCS-7 may be required.
4s is the case with the tlutter suppression system synthesais
{(Block 1IV-36), the elastic podes will require w=more manual
intervention and more emphasis of classical controls techniques
{FC5-1 or FC3-2}. The f£light control system hardware will be
resized by use of PCS-1Z.

Block_ _I¥-64. Do__Dynamic loads _Analysis?--Goal: Ban
decision to determine whether apy significant changes 1in weight,
flexibility, and flight control system synthesis have been made
to the systen from Blocks IV-50 to IV-63 which would affect

dynamic loads.

Block _IV-65. (1) _Manufacturaing Review-~Goal: To provide
Operations with design concepts to the extent that company
resources can be reviewed and the prelimimary Manufacturing Plan
prepared.

Operations must dinitiate program planning in ceanjuaction
vith the product technical definition. Based on itemized work
statements, the initial Make-or-Buy and Manufactunring Plams are
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developed. Concurrently, available in-house resources are
reviewad for compatibility in time and suitability.

(2) Establish Plans and Schedules --Goal: To provide
Operations, Marketing and Finance with dinatial plans and
scheduling information.

Initial planning %ill include estimates of the engineering
release schedule, the configuration verification test plan and
the manufacturing schedule.

{3) _ Identify Long Lead Items—-Critical long lead items
such as engines, forgings, etc., will be identified and
procurement criteria will be established.

Block _IV-66. Sumpmarize Perifiormance—--The design refinement
of Level IV has been completed. The performance will be
summarized by use of PRF-5, finance and cost considerations by
FNC-1, and the market suitability wall be predicted by MKI-4,
-5, =6. The effect of schedules on cost will also be assessed
by FNC-2, -3, -4.

The marketing analyses will be supported by an evaluaticn
of the total system in the operational environment within the
lavel of definition available.

Simulation model REL-1 and REL—4, will gvaluate
interactions, major influences, controlling parameters, special
features and characteristics affectang utilization daspatch
Teliability, wmalintenance and logistics facilities and costs-
variables such as fleet size, route structure, scheduled f£flight
time, and ground +time are allowed to assess each change in
configuration or design and to evaluate strengths and weaknesses
0f each arrplane in operational emnvironments.

Block I¥-67. #ill Engine be Available for Product?--Goal:
Determine 1f the engine avallability schedule is conpatible with
the airframe manufacturing and delavery schedule.

This decisior will be manual and will determine 1f the
airframe manufacturing and delivery schedule allows sufficient
lead time for the engine development.

Block IV-63, Technical Review to TDetermine Next Action--
Goal: Determine next action if the engine availability test
{IV-67}) 1s negative,

This management Jlevel review will be to decide on further
action should the current airframe scheduls allow insufficient
lead time for engine development,
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Block IV-69. Confiquration Acceptable?-—Goal: This 15 a
man decision based on a review of all tasks aundertaken in Level
Iv. To be acceptable means that no reason is found to hinder
progress of the design to Level V.

Block TV-70. Stop_Wind Tunnel Model--Goal: In the event
that +the configuration review 1n Block IV-69 is fcund to be
unacceptabie then the design of the cruise shape wind tunnel
model and transonic flutter model should stop.

Block Iv-T71. Start #ind Tunnel Model?-—-Goal: This evert
1s a man decision to start the design of the cruise shape wind
tunnel model and traunsonic flutter model, 2f not already 1in
work. The decision is influenced by a management review to
commit the IPAD configuration design cycle into Level V.

Block IV-72. Wind Tunnel Hodel Started?--Goal: This avent
is a man decision to check 1f the design of the wind tunnel
models have commenced.

Block IV-73. Modify Configuration or_ _Mission --There are
two options from a negative result 1a Block IV-69. The designer
may elect to retain the design mission and criteria and return
to tke beginning of Level I1II to resize using different sizing
rules or the designer may return the design sequence to Level II
to evaluate the effects of an alternate design missaion.

Block IV-74, Techrical Review _to_Determine Next Action--
Goal: Thas event 15 a review of the total airplare design by a
technical reviev committee to assist the management decision on
the next course of action.

4.3.3.5 Level ¥ - Configuration VYerification

The goal of Level V 1s to verify candidate confiqurations
so0 that selection among them and the commitment of product go-
ahead can be nade with the minimum <risk practacable. These
verifications will be achieved by tests and analysis. Tests
will include wind tunnel models, selected system and structural
concepts’ and propulsion systems. The design and amalysis will
be aone as rigorously as possible, with preliminary detail part
design wherever needed to develop <confidence in the overall
design.

Block V-1. _Modify Wind Tunnel Model?--Man decision as to
whether c¢nanges 1in the design of the wind tunnel cruise shape
model are required.
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Block_V-2. Modify Wind Tunnel _#iodel--Goals Modificatzion
to design and construction of the wind tunnel cruise shape
model.

In order to achieve early wind tunnel test dates, the model
drawings and definitions for Level V testing are released early
ir Level IV. There w1ll usually be some modification to these
@arly model lines as a result of further analysis in Level IV,
This actlvity represents the updating of the wind tunnel model
definitions to represent all of the Level IV results.

Block ¥-3._ _Cruise Wind Turnel Model Confiquration
Desaign--Goal: To design the various configurations to be
tested for cruise drag, stability and control characteristics
and wing-body airloads.

The wing-body design will use modules ARO-5, -9, -11, -15,
-16, -18, -19. These will provide for optimum camber design,
body contouring and favorable nacelle interference. The nacelle
design will be aided by ARO~1l. The geometries wili be lofted
using the geometry control system GCS (DGL-2 and ©DGL-3), which
provides anumerical control data for the components to be
fabricated by the numerical control processes.

Block V-4. _Fabricate Cruise Model and Begqin Stability
and_ Control Model--Goal: To construct the cruise shape
wind tunnel model designed 1n Block ¥-3 and tc¢ commence
construction ot a s=zcond cruise model designed with control
surfaces for stability and control testang.

The fabrication of these wmodels will wutilize Numerical
Control processes. The control tapes for these machines will be
produced from contour information contained in the IPAD data
bank (DGL-2, -3).

Block V-5. _Wind Tunnel Test Cruige_ _HKodel-—-Goal: Obtain
wird tunnel data on first cruise shape wind tunnel model.

Test at planned cruise speeds for performance lift and drag
data. Obtain longitudinal stability and contrel data with
longitudinal pitch control surfaces (the only contrel surfaces
on the model). Obtain yawed data for lateral-directional
$tability characteristics. Obtain wing-body pressure data for
airloads analysis.

Block V-6, _Analyze--Goal: Analyze cruise drag, stability
and control data, and ving-pody airloads.

Cruise performance, calculated from data of wind tunnel
test Block V-5 1s compared with estimated performance in Level
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IV analyses (Block IV-66). Changes in configuration design will
be identified from this comparison. The airplane performance
w1ll be calculated using measured drag data (PRF-Zz, -3, —-#).

Cruise contiguration 1longitudinal stability and control
characteristics and lateral-directicnal stabilaty
characteristics are compared with estimates made for the
configuration in Level IV data preparaticn (Block IV-4) and
analyzed 1n Blocks IV-5, -6 amnd -7.

The stability and control data are analyzed using the sane
Technical Program Elements ¥CS-1, S&c-7, suC-8, S&C-9, S6C-10,
S5§C-11 that were used 1n the analysis (Block IV-6) and Elements
5§C-18, S586C-19 that were used 1n the piloted flight simulation
{Block IV-7). The wind tunnel data are for the cruise
configuration and only longitudainal stability and control and
lateral diiectional stability data are evaluated.

The analyses and simulaticn performed will be compared with
those in Level VI {Blocks IV-6 and IV-7) to evaluate the changes
requirey for the configuration w«ith use of more accurate wind
tannel data.

The wing-body airloads will be entered into the data bank
for wse in the analysis tasks of Level V.

Block V-7. Configuration Acceptable~-Goal: Determine 1if
the cruise performance and stability and control analyses
performed in Block V-6 are acceptable for the airplane and
establish configuration changes to make trades if requared.

These decisions are manual and human Jjudgment will be
exercised.

Block_V—-8. Technical Review _to Determine Kext Action——
Goal: Determine degree of unacceptability of configuratiorn from
Block V-7 and «establish whether configuration changes can be
made to produce an acceptable condaition.

The decision of a technical committee 1s required. Data
from analyses of Block V-6 will be reviewed.

Block V-9. Develop Level ¥V Inputs—-The analysis and design
methods to be used 1in Level ¥V wi1ll be +the most powerful
available 1n eacn technical discipline. These will be executed
as separate jobs, but will coordinate and transfer data between
3obs through the data base mapagement facilities of the IPAD
systen. Thus Block V-9 develop inputs occuars many times
throughout Level V. It is shown here to 1ndicate that each
mxecution will collect user inputs, technhology data base anputs,
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additions to the data base resulting from test data, and outputs
from Level IV, and use all of these as sources for information
for subsegquent analysis, design and testing.

Block ¥-10. Design/Analyses--Goal: To do the design and
analysis activities reguired *to support the configuration
verification process, and to hegin the design of long lead time
1tens.

In Level V this activity is +too broad in scope to be
meaningfully put 1into a design network. Instead, selected
tecanical disciplines have summarized the scope of activities
they 1intend to do 1in this TLevel.. The Level IV network
actaivities may be repeated but 1limited to a portion of the
airplane in greater detail.

fhe design of long lead time items will begin 1n Level ¥
and will be <continued 1into Level VI. Exawples include engine
and nacelle integratiomn, critical forgings (main landing gear
shock strut, flap track beams), and control system mixers and
electronics. :

Aerodypamics/Performance~-All of the design and analysis
elements avallable within aerodynamics will be used at this
level. ARO-4 to -6, -9 to -12, -15 to =20 will be used for
detailed wing, body, empennage, nacelle and pylon design and
analysis for both wind tunnel models and for the prototypes.
ARO-13 and - 14 will keep track of the sonic boom characteristics
of the configuration.

Performance calculations will be Tequired to support
configuration modifications., PRF-2, -3, -4 and -5 will use test
data and estimates to make these calculatjons.

Computerized Space/Arrangement Mockup—--Goal: To Treserve
locations for jtems of fixed equipment which have been
identified during the prelinminary design and to evaluate the
adeguacy of raceways for routing system services.

The airplame interior volume 1is divided dinto a matrix.
Space envelopes are defired which represent the Bajor
compartments such as flight crew, passengers, cargo, electronics
bay, control surfaces, propulsion, fuel tanks, landing gear,
auxiliary power unit, etc. Also, smaller space envelopes are
defined which represent fixed equipment such as actuators,
punps, filters, heat exchangers, OXyger cylinders, etc.
Raceways are defined which provide for routing control cables,
wiring, ducting, tubing, etc. (LCA-3).
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Dynamic_Loads--A11l of the dynamic loads analyses performed
in level IV will be repeated in Level V using the same theories
and programs but with refined input data as it becones
available. )

Input data is refined by employing wind tunnel data, flight
test data, and ground vibration test data corrections to the
theoretical data. Thne guality of the analysis 1s improved by
increasing the number of elastic modes and employing residual
stiffness i1n the analysis in conjunction with the retined data.

In addition, many smaller design problems will be solved as
the nreed arises. These problems are dafficult to predict in
advance but will be of the type such as changing nacelle
flexibility to lower wing-nacelle attachment loads.

Flight _Control System _Synthesis _and Analysais-—Goal: To
refine and expand defainition of £flight control system. To
perform response calculations to ascertain compliance with the
criteria. Complete definition of flight ccntrol systen
wrechanization aad redundancy concepts. To analyze failure modes
and effects. Perform control surface actuator stability
analysis. Evaluate candidate hardware.

The fligat control system will be updated to reflect data
changes. The control system developed for Block IV-5 must
provide dacceptable airplane nandling gqualitites. Apalysis of
the ride improvement and tlutter suppression control systems
which may have been 1identified in Blocks 1IV-63 and IV-36
respectively will be continued. The autcpilot and autoland
design conrcepts will be finalized. Computer programs FCS-1
through FCS-7 will receive use similat to their use in Block IV-
5. However, classical control technigues (FCS-1 or FCS-2) will
be emphasized more heavily to permit a finer tuning of the gains
and filters. Mechanization, redundancy, and failure studies
will require nenlinear soluticns afforded by FCS~8, FCS-9, or
FCS~10. WNonlinearities may also be studied by use of the
simulation described in S5C-19.

gyuations of motion used for this event will consist of
both the rT1igid body set (FCS-11i) apd the elastic mode set (see
equations of motion natwork).

Flight_ sSimulator Evaluation--Goal: To provide a simulation
of the airplane in f£laght.

The simulation will model the six degrees of freedon
nonlinear dynamics, pertinent vibration modes, flight control
system, hydraulic systea, propulsion system, pilot?!s controls,
ard pilot's displays. For piloted operation, the simulation
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will be operated at real time. The cab will be fixed based (as
opposed to noving base) for this design level.

Nonlinear time responses «ill be produced for control
inputs, gusts, and failures. A particularly important result of
the simulator study i1s the pilot rating of the airplane's
handling gualities. However, due to the dinclusicon of wnmany
technical dasciplipes 1in the simulation, the simulator acts as
an analytical systems integration tool.

The flaight simulator for thais level will be an off-line
device such as the EATI-8400. Software for providaing the
simulation are in existence. However, the computer programs are
generally tailored for a particular airplane.

Flutter-—-Goal: Perform flutter analysis on the

configurations updated by static wind tunnel model tests.

Wind tunnel testing of +the cruise configuration and low
spezsd configuration models may result 1n changes on wing
airloads, tail size, and empennage control surface size.
Flutter analysis usirng the same procedure and compiuter programs
(SF1-3 through SFL-21) ain Level IV will be carraesd out on these
updated configurations to ascertain compliance with the flutter
regulirements. Important structural detail informaticn on; 1)
main structure cut-outs, 2) stiffness of majox structure
junctions, 3) wmounting stiffness of localized masses, and 4)
control surface staiffness and the corresponding updated mass
distribution will be available as input to the flutter analysis.
Measured sectional 1ift curve slopes anrd asrodynamnic center
locations from the static wind tunnel model test data will be
incorporated when applicable in unsteady airloads predictions.
Control surface flutter and panel flutter analyses (SFL-20, -22
and established design criteria) are performed. Failure
conditions will be 1dentified and analyzed to ensure compliance
witn the flutter criteria.

Plans and Schedules--Goal: To provide Operations,
%arketing and Finance with plans and scheduling informetion.

Update the Block IV-65 estimates of the engineering release
schedule, the configuration verification test plan and the
manutacturing schedule. Continue 1identification of critical
long lead items soch as engines, forgings, etc., and procurement
criteria. Make 1nitial estimate of the Level VI product
development test plans, engineering manpower plan, and
integrated engineering schedule for time dependent relationships
petween technical tasks. In additiom, +the Level VI1 product
verification t=st plan is initiated.
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ORIGINAY. PAGE IS
OF POOR QUALITY

e . i e i . LA B LR e b i s

1. Systenm Failure Mode Bffect Analysis--Goal: The
objectaive of the failure node effect analysis is to reveal
design inadeguacies and to idcntify where corrective action is
needed. This analysis focuses attention on potential
reliability, maintainapility and safety problems and serves as
a starting point for guantitive system reliabilaty and safety
analyses.

The analysis determines the effect of failure of identitied
functions and components withier +the system for each failure
mode. Means of recognizing ke failure and compensatory
provaisions ami procedures av< identified, OQOxder ot prcbability
of occurrence of the event 1s assessed. QOutput cof the apalysis
15 a tabulation by function or comporent of factors associated
with its fuarlure modes.

2. System Fault Hazard Analysis--Goal: The objective of
the fault hazard analysis 1s to i1dentify all hazards assoclated
with cperaticn of the system and their sateguards.

A tault hazard analysis is a +abulation o¢f the hazards
1dentified with operations of the system through each phase of
operation. Function, component, or operator failures causing
the hazard are identified. Order of ©probakilaty for each
combination of hazard producing cvents is assessed.
Compensatory provisions and procedures are identified.

3. System Dasaign Reliability/Safety Analyses——Goal:
Assessment of systen design configuration against the
reliapility and safety regquirements and allocaticns.

Fault tree simulation (REL-5), computerized Boolean
reliability analysis (REL-3) automatic reliapility mathematical
modeling (REL-2), and CTS (REL-14 and 41) are used ftor stuales
at tnis level. Program sclection is dependent on problem and
systen complexity and comparative factor selected for
evaloation.

4. Flight Control System Reliability/Safety Analysis——
Goal: To assess the overall system from the standpoint of
reliability and safety.

Flight safety and reliability in all £flight phases and
design conditions are studied. Fault tree (REL-5) analysis is
used ror overall airplane flight safety ascessment of the
control systen.
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Reliability studies within the f£light control subsystems
are performed with the COBRA (REL-3), the ARMM (REL-2)}) and CTS
(REL-14 and 4l1l) Programs.

5. Hajor Componant Specification Control Drawing
Reliabilaty, Haintainability, Safety Requirements--Goal: To
assure reliability, maintainability, and safety requirements for
functions and components are realized in the actual hardware.

Reliability, maintainability and salety requirements and
allocations, established in Level IV and used 1n all assessment
analyses, are defined in the specification control drawings for
all hardware. Contribution to overall system unreliability of
major 1tems is assessed as these component detail designs are
developed. Hanual calculations, CIS (REL-14 and 4l1) and COBRA
(REL-3) are primarily used for these component assessments.

6. Systen Desiga Maaintainability Aralyses--Goal:
Assessment of systen design confiqguration against the
maintainability requirements and allocations.

This assessment is manual. It supports the
Reliability/Safety analyses of Block V-1l. Accessibility will
be studied and optimized through use of the computerized space
arrangetent mockup.

7. Airplane System Reliability and Maintainability
Evaluation—--Goal: An  evaluation of the total system 1o the
operational environment to the level ot definition available.

Simulation model {REL-1 oT REL-4) will evaluate
interactions, m@major influences, controllainy parameters, special
features and characterisrics affecting wutilizaticn, dispatch
reliability, maintenance and logistics facilities and costs.

Variables such as fleet size, route structure, schedules,
flight time, and ground time are altered to assess each cChange
in design and to evaluate strengths and weaknesses of each
airplane in operational environments.

B. Engine Changse Capability--Goal: To determine
capability of engine change within a time 1nterval ccmpatible
with planned utilization.

21l engine installations are assessed with regard to access
for both handlang egquipmsnt and personnel. Disposition of
cowling, associated and aintervening airplane structure, engine
buildup (EBU) requirements and compatibility with existing GSE
are comnsitidered.
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Producibility _Review—-—Goal: To assure that the design
decisions are commensurate with cost effective fabrication and
assembly practices.

producability 15 a prime consideration duramng the design
solution phase. affirmation by Operations personnel 18
essential before drawings are released. This activity is
initiated as soon as the design solution is selected.

The Computer Aided Design support group verifies that the
aerodynamic wing which 1s defined 1n the Geometry Control System
(DGL-2} can be redefined in the Master Dimensions System (DGL-4)
within the specified tolerance.

Propuision——-tioal: Perform detailled desigs and analysis of

the propulsion systen.

A detalled design and analysis will be performed on all
ma jor components of the propulsion system +to verify the
propulsion system configuration. The network Block 1IV-17a
activities are continued and will include farther definpition of
the nacelle mounting structure, systems interface, inlet and
nozzle integration with acoustic materials and thrust reverser,
mechanical function integration, etc.

Stability and Control-—-Goal: To update the stabilaty and
control aerodynamics data with applicable wind tunnel data, to
update the aeroelastic effects, to update the stability and
control amnalyses to show adequacy of control effectiveness, and
to analyze the control system aerodynamics for all combinations
of surface actions including gearing relationships, interference
effects, engine failure effects, aydraulic system failures,
mechanical failures.

Technical Program Elements SgCc-21, -22, -23, -24 for data
preparation (Block IV-4) are utilized. Aeroelastlic correction
factors are updated with loads and structural analyses perfornmed
ip Level IV (Blocks 1IV-53, I¥-55).

Analyses of control =ffectiveness (sg&c-7, -8, -9, -10, -11)
are updated. These analyses will provide a basic understanding
of the contigaration with wind +tunnel data support. The
aeroelastic correction data will be updated during recurring
passes through this level from loads and structural analyses iun
Block #-10. A rnage of ftlight conditions covering the flight
envelope will be studied on the f£light simulator for constraints
and problem areas that nmust be 1dentified and incorporated in
the design before project go-ahead in Level V1 1is comBenced.
The piloted simulation will consider the current flight control
systen. Pilot's 1flight displays and controllers will be
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representative of those planned for the airplane. The simulator
tests will also review the applicability of design criteria
related to flying gualities and develop 2aimprovements where
required.

Static _Loads-—-Static 1load for a supersonic configuration
would be computed to meet the requirements of the appropriate
certification aunthority and any additional Boeing criteria. The
methods ased would be extensions of those used in lower Levels
with 1improved and more extensaive input data. Additional
Technical Program Elements would be developed as specific needs
arise and 1t 1s unlikely that they would bear a marked
similarity ‘to any modules available today. For this reason no

descriptions are presented.

Structural Design--Goal: Provide optimum feasible design
solutions for all major structural cowmporents (wing, body,
empennage, nacelles and landaing 4gear), and antegrate these
conponents together will all other airplane sytens.

The design of each component and the major structural
joints which attach it to the rest of +the airframe will be
defined 1in detail sufficient to preclude the possibility of
serious deficiencies later in the program. The depth of detail
studied will be commensurate with the complexity of the proposed
solutions and will compensate, along with approjriate structural
development tests  (Block v-1l), for any lack of service
experience with innovative designs. Studies waill include any
minor trades reguired to optimize the structure.

A typical specimen of each structural element having
multiple usage will be designed as well as each individual
unigue element. Section breaks, Jjoints and splices, fastemers,
tolerances, finishes, material gauges and trim, attachments, and
protective coatings will all be 1investigatead in detail.
Fanufacturing methods for fabrication, assembiy and installation
of each structural element and airplane component will be
considered in terms c¢f producability, cost, weight and
durability. Provisions for equipmert and’ systems will be
incorporated 1ato the primary structure to minimize the effects
of space requirements and support hardware. All load conditions
and design criteraa, as well as safety and certification
requirements will be accommodated in the design at this level.

Special Structural Design Considerations:
1. Body: Control cab windows, access decors and cutouts,

pressure shell i1ntegrity and fail safety, structural continuity
and compatibility with the wing and empennage.
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2. Wing: Structural continuity and fail safety, fuel
containment, control surface installation and systems equipment,
and integration with the body and landing gear.

3. Enmpennage: Structural continuity and fail safety,
control surface installation and systems equipment and
integration with the body.

4. Nacelles: Structural inteqrity, service access
segments and integration with the engine and propulsion system.

5. Wing-Body Joint: The complexity of this joiat with its
requirements for comtinuity of loed paths and compatibility of
deflection and strain necessitates analytical modeling. Great
care and attention to detail in this area at Level ¥ 13
mandatory. Other considerations of major importance are
fabrication, assembly and production sequencing cof the airframe.
¥uel containment has significant influence on these decisions.

6. Structures~System Interface: The systems-structure
interface would be defined in a computer mockup. This would not
replace the full scale mockups reguired in Level VI but 1t would
permit all system runs and equipment envelopes +to be readily
defined early in the design process so that structural designers
can provide access and support as regquired with a minimum of
confusion., This mockup would be generated early, in Blocks III-
2 and III-12, and input refined in Block IV-22 and on through
Blocks V-11 and VI-3 to be retained in the &ata bank throughout
the progranm.

The tasks regqguired £or this level arte only briefly
discussed above. Most of the structural design effort should be
accomplished at this stage. The praimary tool for accomplishing
1t w1ll be the interactive design program DSA-5, which will be
used in the a1nteractive design tool DSA-5 will be used in
conjunction with the appropriate design analysis program and the
graphics program ADEL (DGL-7). Examples of design analysis
programs for major structural elements are the Body Frame Design
Program (DSa-6) and the Ploor Beam Design Program (DSaA-7).

Data input will be from DGL-Z2 and -3, GCS Lotting, DSA-1,
-2, -3 and -4, Structural Arrangement definitions, and STR-3, -4
and -5 S$tructural Sizing for strength, fatique and fail safety.

Detail sizes of the structural element (beam cherds, shear
webs, etc.) would be optimized during amn 1initial run of the
design analysis program. The design engineer would modify the
detail sizes to suirt localized constraints and design factors
for a typical element. Comments concerning these modifications
to the optimized design would be stored in the data bank by the

218



designer. These conmments would be used by the staff personnel
to understand the final design and by designers +to incorporate
design innovations in new aircraft models. A final run of the
design program would o¢optimize the design of the structural
element using data bank criteria and these 1last design
constraints made by the enginesers.

The output of this task will be a complete definition of
all structural elements and cowmponents necessary for the project
design to begin Level VI. All data and backup information will
be stored 1n the data bank for interactive design purposes.

Structural Sizing and_ Siress__Analysis-—-Goal: To provads
support for the Level V structural dasign (DSA-5, -6, -7, etc.)
It includes detaill stress analysis and zizing of all
representative structural details, it also covers integration of
major structural components ({e.g., soluticn ot the wing bcdy
joint) .

The sizing and apalysis in this level will provide the
first basis for detail desiguns such as: FJoints, fittings,
stringer configurations, body frames, bulkheads, spars, control
surfaces, ribs, attachments for landing gears, nacelles, control
surfaces, etc. The analysis will cover static strength,
fatigue, fracture mechanics, fail safe, and local optimization
will take place. The optimization will be directed toward items
such as: stringer configuration and spacing, rib spacing, frame
spacing, joint coafigurations, thermal iansulaticn, etc. {STR-6).
The 1mpact of new gages and flexibilities will be established by
load recycling.

The analysis will also 1include areas influenced by
component 1ntegration such as the wing body joint, where the
influence on load distribution due to component 1nteraction will
be established using finite element computations for the
lntegrated substructural rumns (STR-6).

System__Design-—Goal: To continue definition of systeas
until all design requirements have been i1dentified and until all
egquipment items are identiried as either cxaisting or can be
developed.

411 systems design activities are similar in Level V and
consist primarily of the following:

1. Petall ainstallaticen layouts for equaipment items azre
drawn using computer aided drafting practices (DGL-7,
-8 and -9); the interface with structure for mountang
provisions 18 entered in the structure data base, and
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a space definition of the component is entered im the
computer mockup (DCA-3),

2. System schematic diagrams developed in Block IV-22 are
updated,

3. initial schematic diagrams ot the electrical circuits
for eacn system are developed and planning for
integration with the wire release system (ST¥-21) 1is
initiated,

4. Selection of exasting Moff-the-shelf" eguipment 1is
completed and prelimipary procurement specifications
tor new equipment items are initiated,

5. The testaing required to verify system pertormance 1is
initirated,

6. Maintenance plans for each system are Initiated and
reliability yoals are established.

Gther system activities will occur at Level V, for example:
a steering and ground handling simulation (STK~19) will be
conducted to develop aaditional design criteria for the landing
gear. Hydraulic system dynamic, sizang and thermal apalyses are
conducted {STH-5, -6, -7). Brake sizing and lamnding gear
flotation analyses will be updated {(STM-16, —-17). Trade studies
will hbe conducted such as altcrante APUD locations (STK-9).

Weights  (Type _D)--Goal: To calculate Type T weaght,
balance, and lovadability for a contiguration which has been
s1zed for strength, fatigue, flutter, and dynamic loads.

To accomplish this dinvolves Technical Program Elenents
whichk do the following:

1. Fxecution of weights update control (WTS-15) which
would re-execute only those portions of the weigats
Techhnical Program Elements whose input had changed,

2. Update winy, body, and empennage mass elements based
on stress sSized skins/stringer material refined by
local applications of finite clement strtuctural
analysis (WTsS-21),

3. Update of wing secondary structure mass elements (WTS-
i8),
i, Update of body/empennage secondary structure mass

elements (WTS-19),
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5. gpdate of landing gear mass elements (WIS-9),

6. Update of nacelle and strut, propulsion, fixed
equipment, and standard and operational pass elements;
this wi1ill require development of a new Technical
Program Element, WTS-23, which w21ll acconmodate a
greater level of detai1l, especially 1n the systeums
areas, thap is available by using Technical Progran
Element WTS-10,

7. Update of fuel wass elements (®¥T5-11),

8. Accumalation of mass clements within each structural
panel and the calculation of wsight, center of
gravity, and inertis for each structural panel and for
the wing, body, and empennage (HTS-12),

9. Generation of a weight statement patterned after the
AN 9102-D format based on the previously updated mass
elements {WI5-13),

10. Calculation of total airplane wmass properties for
various points on the balance diagram and the
determination of updated panel mass properties for
recycling tarough the structural analyses (WT5-14).

Block_ _¥V-11i. Wind Tunnel Model Changes _Required?-—Man
decision is to be made as to whether any change in the desigm of
the transonic wind tunnel flutter model 15 required as a <rTesult
of the cycles cof Level IV.

Block__V-12. Traunsonic Flutter Model Design--Goal: D2sign
transonic wind tunnel filutter model.

The wind tunnel mode}l will be designed «#ith a complex
finite element 1dealizataion as wused i1n the theoretical
structural analysis. The model will sirulate a scaled replica
of the airplanc.

Lf a Fluttor suppression system 1S required, the model waill
simulate control surfaces, actuators, and the feedback control
system.

Block V—-13. HModify Waind Tunnel HNodegl--Goal: Modify the
design of transonic wind +tunnel flutter model as decided in
Block Vv-11.

Block__¥-14, Began Model Fabrication--Goal: Start
construction of the transonic wind tunnel flutter wodel designed
in Block V-12.
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Block_ _V-15. Tests  (Developmantal)--Goal: To aid the
configuration verification through testing.

The following tests represent a sample and are reported to
show the <character of the Level V developmenrt tests. In
general, these tests are conducted as reguired to verify with
confidence the airplane performance, etc., and the concepts of
the structure and systems.

Continued Wind Tupnel (¥.T.} Tests

1. Stability and Control Hodel W.T. Test and Additional
Cruoise Configuration W.T. Testsi——Goal: Detailed cruise model
stability and control tests to establish a more complete base of
aercdynamic data to be used for analysis, flight simulation and
design. Control surface hinge mowments and engine failure
effccts are measured.

The c¢raise W.T. model tested in Block V-5 is built
=ssentially for performance testing and Carries only
longitudinal pitch control surfaces. The cruise W.T. model of
these present tests (1dentified 1n Block V-4) has control
surfaces for all three axes instrumented rfor hinge npoments and

englne nacelles contiqured to simulate engine failure
conditions.
2. Low Speed W.T. Kodel--Goal: Measurements are made of

the drag dand 1ift characteristics fer the low speed
confaiguration identified in Levels IIT and IV and of the
stabality and control characteristics (all axes) for comparison
with the low specd estimates made for stability and control data
preparation in Block IV-4, o

The low speed model is bualt for performance and stability
and cortrol testing. The model 1s fully representative of the
airplene an the low speed takeoff and 1landing high 1lift
configuratious with control surfaces for all taree axes.

3. #.T. Test - "manufacturing Loft" ¥ing--Goal: To test
the derodynamic dift=arence between the wing defined by
asrodynamics and the wing considered to be manufacturable.

Manufacturing considerations invariabply reguire sonme
modification to the winy loited pny anoroaynamics. If these
charges are sizable, then the pertrormance degradation should be
established by wind tunnel test.

4. Transonic Flutter Wwind Tunnel Flutter H#odel Tests—-
Goal: Coniirm and complement analytical flutter predictions of
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Levels IV and V. Verify the contrel systes stablility margins if
a flutter suppression system 1s employed.

Analytical flutter predictions made 1in Levels IV and ¥V are
verified and conplemented with wind tunnel testing to provide
substantiating information particularly in the areas where
structural and aerodynamic uncertailnties exist. A dynamically
Scalad flutter model of the airplane and its components 1s
tested in a transonic wind tunnel. The buzz characteristics of
the control surfaces will be determined to verify the criteria
used in the design of the airplane. Only the transcnic regime
15 investigated experimentally in Level V because it has the
least chance of being predicted correctly by analysis.

If & fiutter suppression system 1s required, the flutter
model test shall verify the control system stability margans.
The test will conpare experimental gain margan, rhase margin,
and gain peakinpg with theoretical results. The control systens
analysis program of FCS-1 will be used to predict the stability
mrargins of the model.

5. Loads Wind Tunn=l Pressure Models--Two pressure models
are required as a minimum, namely, hagh speed and low speed. On
the high speed model, pressures would typically be measured on
the w¥ing, body, bhorizontal tail, vertical fin and nacelles.
Buns wvould be rade throughout the Mach nuomber range and alpha
range (negative stall to positive stall) with beta sweeps at
selected conditions. Configurations would include clean and
spoiler {(speed brake), roll control, c¢levator and rudder
deflectiorns (singly and in combination).

0n tne low speed model additional plLessure wmeasurements
would be required, including bigh lift devices, gear doors, gear
cavities, leading and trailing edge cavities for example. again
configurations resulting from various flap and control surface
deflections would be tested over the full alpha range.

Strain gage measurenents taken during total airplane foice
tests to obtain loads on smaller components, pnacelles, struts,
ailerons, stabilizer, etc., could be used pricr to pressure data
becoming availabla and as a check of integrated pressure data.

Propulsion__Tests-—-Goal: Perform required tests to verify
the propulsion system confaiguration.

Zngine rig, wand tunnel, Llight amnd other tests are
performed to verify the design of the various components of the
propulsion system (1alet, mnozzles, and thrust reversers,
acoustic treatm=nt, etc.). Questions which must be answered
include: performance of the propulsion system at altitude (pay
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require flight +testing on new engines), flight cycle fatigue,
inlet distortion, oil flow indication, anti ‘icing, water
ingestion, =sand ingestion, lov and high temperature starting,

etcC.

Structural Development _Tests-—Goal: The goal of the
structural development tests 18 to verify theoretical
requirements and establish baselines for empirical evaluvations
for structural components. These tests would be product
oriented and would not include Research and Development tests.
All testing required to insure complete technical confidence in
the configuration must be accomplished at this level.

Theoretical requircments: This group of problems 1ncludes
testing such as wing panels for comparison betwecn predicted
allowables and Ffracture stresses, =2tc. The marn purpcse of this
type of testiny 1s to correlate predicticns and test data for
every conceivable allowable stress, be 1t stapility, fatigue or
fai1l-safe allowables, etc., in order to prepare for tne full
scale test assembliss to follow, Tests of temperature related
phenomena also belong 1n this category. This kind of testing
would concern 1tself with temperature distribution and stresses
and quite possibly also composite material properties under
varying temperature conditions.

Empiracal evaluations: The purpose of this testing 18 to
astablish design guidelines for situations where theoretical
approaches fail or bocome unreliable. It covers problem areas
as:

1. bird impact on windshield,

2. detall tftatique ratings for not previously used
design detalls, or details subject to cyg biaxial
loading or teamperature conditions, for which
present cxperience has no answers,

3. strength of faittings,

g, hail i1mpact, lightning strike,

5. Ccrack propagation

Systems Tests--Goal: To conduct developmental tests

required to verity that the definition of each system i1s within
the current design and production capabilaity.

This testing is general and must be responsive to areas of
concern which are identified during the Design and Analysis
function of both Levels IV and V. For example: The flight
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control system would require testing if a decision vwere made to
transmit control commands completely by an electrical-electronic
Wfly-hy-wire" process.

Block V-16. Estimate Prograpm Costs~—Goal: To provide
program management with 2nitial program cost estimates.

Initial program cost estimates will include  several

production guantities. Batimates of hours and dollars are
provided and detail cost elements by section and components of
the airplane are summarized (FNC-2). An assessmnent of the

production cost over a tame period accounting for changes in the
manufacturing schedule for jntroduction of new customer
configurations and the impact of derivatives from the base model
is made (FNC-3). An estimate of returs on investment and cash
flow by year is made (FNC-4).

Block v-16. Manufacturing Revieuw--Goal: To provide
QOperations with advanced design daata to complete the company
resources review and to prepare the Manafacturing Plan.

Operations must continue the program planning activities
started im Block IV-65. Based on itemized work statements, the
Make-or-Buy and Hanufacturing Plans are develgped. The estinmate
of available in-house resources 1s finalized.

Block ¥-17. Summarize_ _and Review-—Goal: Summary of all
design and analysis tasks, test results, etc.

Review the design with associated program costs, marketing,
product assurance and manufacturing requirements (Block V-16}.
Identify if design and analysis tasks 1in Block V-10 are
coorainated with the same technology level. Identify need for
further tests in V-15.

Block Vv-18. Eecycle?—--Goal: #an decisior to recycle, or
not, Blocks vV-10, V-15 and V-16 (tests, design and analysis,
program costs) resulting frowm the summary and review undertaken
in Block Vv-17.

Block V~19. Confiquration Acceptable--Goal: HMan decision
to review integrity of the technical design for a management
recompendation for product go-ahcad.

Block V-20. Technical Review-—-Goal: Review by technical
committee on the action to be taken following unacceptable
results for the configuration {Block v-19), sales {(Block V-22),
firm orders (8lock V-23) and product go—ahead (Block v-25).
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Block ¥-21. danagenment Review--A technical review is
presented to management, based ou engineering report in Block V-
19.

The Program Managecment Office (PMO) and Manufacturing
participate in the Management Review and receive design
information which will support preliminary decisions. PMC must
have assurance that the design intent meets the customer
reguirements. Manufacturing begins selection of sub-contractors
for long-lead 1tems.

Block_ _V-22. Sales Go—Ahead--This is a major progran
milestone. management authorization is granted to proceed with
a sales effort.

Block V-23. Firm Orders—-This i1s a major progran milestone
and supports a d=cision to —recommend a product go-ahead to
management.

Block V—2i4. Manayement Review-—-Goal: Review by management
of all sales activities which 1includes the market analysis,
airline interest, firm or.ders, prograe costs, etc.

Block V-25. Product Go-Abead--This 1is a major progran
milestone. Management authorizes go-ahead with product design,
manufacture, verification and support.

4,3.3.6 Level VI - Product Detail Design

Level VI w1ill begin when the decision has been made to
commit the design to project status. This Level will be
dominant iz the group of IPAD Levels denoted as the Product
Levels {(detail design, manufacture, verifacation and support
while in service). The activities of Level VI will reguire
careful management control. The design, arnalysis and testing
w1ll be discussed by certain areas.

Block VI-l. _Establish Preliminary Design/Product Interface-—

Goal: 7To provide Program Management, the Engireering Design
Project, Engiuneering Tcchnology Staff Organizations, Finance,
Marxeting «nd Manufacturing Operations with a consistent data
base definition of the preliminary design configuration.

#Many preliminary design to product interface activities
occur. The plans and schedules required for prograf Ranagement
are fainalized, 1.2., the program plan, the engineering cost ard
schedule plan, the design develeopment and verification test
plans, customer support plan, etc. The data base detail
configuration definitions are improved, for cxample:
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The configuration definition 1is finalizea to 21nclude a
complete manufacturing oriented master dimension definition of
the lofts (DGL-#). The weight accountability (Type D welghts)
is revised as required for Engineering, Finance and
Manufacturing (W¥TS-22). The weights accountabilaity has been
structured as follows:

1. To provide a meaningful definition of the product in
terms of weight data and descriptioans,

2. To provide a meaningful weight history for evaluation
of the final product design,

3. To provide the flexibility to handle a variety of
design projects, .

4. To provide @ system which can interface with the
previously executed weights anralyses programs,

5. To provide a system which is efticient in terms of:
a. Data and input, editing, and verification
b. Internal data storage and manipulation
Ce. OQutput data report generation.
Block VI-2. Tests _ {Development)}--Goal: To perform the

tests necessary to complete tie detail design of the product.
This does not imclude final verification testing.

The following tests are & continuation of the testing
conducted for Block V-15 and again are only & sample of the
required testing.

Propulsiopn-—-Goal: Perform necessary tests to support

detailed design of the propulsion system,

Tests performed will provide data to support detaizled
design of the propulsion system. These tests will usunally be a
continuation of Level ¥V testing and will include general tests,
such as inlet distortion and noise suppression, as well as tests
unique to the particular configuration.

Structural Tests--Goal: This testing 15 directed toward
subassemblies and 1ts prime purpose is to correlate analytical
and factual stress distributions.

This +testing concerns 1tself wmainly with structural
details, such as wing body Jjoints, cutouts, wheelwell for
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landing gears, areas of lcoad distraibution (attachments in
general, bulkhead, etc., and another candidate would be "the
pivot™ cn a variable wing geometry airplane).

The results constitute a verafication of +the structural
idealization and provide data for updating the structural

sizing.

Systems Tests~--Goal: To conduct development tests required
to verlty that performance of each system 1s as predicted or 1is
an acceptable deviatzon.

This testing 1s general and 1s an extensijion of the systen
testing conducted in Level V., The following are two examples of
flighkt control system testing.

1. Control System Development Fixture (Iron Bird)-~--Goal:
Design and fabricate the test hardware. Ferform the coantrol
system tests.

The control system davelopment fixture consists of fligh+
guality control system hardware attached to a boiler plate

simulation of the airplane. Geometry and leocal structural
stiffness are simulated. The fixture permits a copplete
functional checkout of +the control systenm, Also, control

surface and actuator response tests may be performed. Control
system analysis programs (FCS-1 or FCS5-2) and digital
simulations (FCS-8, FCS-9, FC5-10, or 586C-19) will be required
to interpret the test results and assist with the comductiocn of
the tests.

2. Control System Response Tests-—-Goal: Measure controcl
surface and Sensor Cesponses.

The rlight control system design is deperndent upon the
transter functions of the flight control components integrated
into the airpldane. These tests will be periormed upon a tlaght
article, probably the same airplapne which is used for the ground
vibration testaing. The test procedure will be to rum freguency
responses of the control surfaces. Measurempents will be taken
of the control surface motion, flight control sensor outputs,
feedback signal to tha control surfaces, ard various test
pickups mounted on the airplane stracture. & variation of this
test will be to 1incCrease the feedback gain until an oscillatory
condition is realized. 1In either case, a mathematical model of

the airplane in the test configuration will be required. The
mathematical model will be adjusted and corrected to force
agreement with the test results. These adjustments and

corrections will then be extend=d to the mathematical models of
the airplane in tne flight configurations.
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¥ind Tunpnel - Confiquration, Flutte:i, Stability and

Control, Loads--Goals: To provide configuration testing to
improve the aerodynamic description of the airplane, detailed
testing to improve areas of low lift, high drag, interference,
2tc., to support the aerodynamic clean up program, to 1improve
high 1ift flap devices for low speed, and to do final
performance tasting to supply aercdynamic data to support
performance guarantees. Other goals include flutter tests at
low speed, transonic speed and supersonic speed to veraify
criteria and flutter predictions made 1n Levels IV and V,
stability and control testing to solve problenms and
uncertainties arisiag from analysis of Level V¥ wind tunnel data,
further testing of control surface deflections, combinations and
Jgearings, etc., further engine failure simulation tests,
extensive pressure model tests to establish tlight Iloads, and
systen tailoring such as APU and air conditioning inlets, pitot
static provisions, etc.

Block VI-3. Design/Analysis--Goal: To perform the design
and analysis tasks necessary for the detailed design of all the
parts.

The activities of the different technical disciplines will
be summarized. In addition to +the items discussed below,
interactive graphics will be extensively used for detailed parts
design. The lofting Technical Program Elements will be coupled
with the various design and analysis Technical Program Elements
to support this design.

Aerodynamics/Performance-—-All of the design and analysis
elements available within aerodynamics will be used at this
Level. ARO-4% to -6, -9 to -12, =15 to =20 will be used for
detailed wing, body, empennage, nacelle and pylon design and
analysis for both wind +tunmnel models and the production
confiqurations. ARU=~13 and -14 will estimpate the sonic boom
characteristics of the comfigurations.,

Automated Parts Release (APR)}-—-Goal: To control the
listang and release of parts information to HManufacturing.

The Automated Parts Release System is a related set of
computer programs which produce new and revised part cards and
assembly 1lists from data supplied by +the Engineering and
Hanufacturing Departments. The part and assembly information is
malntained on two sSeparate master files, one contalining
z2ngineeriny or configuration data and th= other containing
manutacturing or production data. Bach ¢of toe twe raster files
is updated by a separate computer program using a distinct set
of input transactions, one primarily from engineering sources,
the other entirely from manuafacturing scurces. Information from
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the two master files is collated by a report gererator system to
produce printed part cards and assembly lasts and also to
provide a record containing transactiomrs for direct input to the
Manufacturing Department's program.

A change 1in tne usage of an assembly implies a
corresponding change 1in component parts of the assembly. The
APR System 1s design to effect these implied changes
automatically. To accomplish all implied changes in one pass
through the master file, It is required that every component of
every assembly be locat=d 1in the file beyond the assemblies of
which it 1s a component.

The concept of level (not the IPAD Levels) is used to make
this ordering of parts possible. The master or top drawing for
the arrplane model 1s at level 1. all drawings that reference
the top drawing as their "used-on-drawing™ are at level 2.

This relatronship betwear a part (detail, assembly,
installation, drawing) and 1ts used-onh part continues down to
deta1l parts. The lower the level the greater the magpitude of
the level number.

When a part 1s used on more than one assembly, and if these
assemblies are at different lcvels, the part 1s assigned a level
one greater tham the used-on assembly witn the largest level
nuuber. About 15 1lzvels are required for ar airplane master
file. The level numbers are assigned py the computer prograr,
and do not appear on any input transactions. The engineering
master fi1le 1s arranged in level number order, and within each
level 1in part number order. The master record for each part on
the engineeraing file indicates all usages of the part, both
active and cancelied, and all componznts of the part,-unless it
1s a detail part.

The level concept does not apply to the manufacturing file.
It 1s arrangzd completely a1n part number order. There are
antries in this file for =zach active part, and for each active
usage or the part for which distinct manufacturing information
is supplied.

Dynamic _Loads—-All of the dynamic loads analyses performed
in Levels IV and V will be repeated 1n Levels VI using the same
theories and programs but with refined input data as it becomes
available.

Input data 1s refined by employing waind tunnel data, flight
test data, and ground vibration test data corrections to the
theoretical data. The quality of the analysais is improved by
increasing the nurber of elastic modes and employing residual
stiffrness 1n tha analysis an conjunction with the retined data.
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In addition, many smaller design problems will be solved as
the need arises. These problems are difficult to predict 1in
advance but will be of the type such as changirg nacelle
flexibility to lower wing-nacelle attachment loads.

Flight Contropl System Svnthesis and_  Analysis--Goal: To
complete definition of the flight control systen.

The work of Level V will be continued. However, the detail
will be sufficient for final drawing release. The computaticnal
activity will be samilar to Block V=10, the computer programs of
FCS-1 +through FCS-11 and S&C-19 will be used. Specializations
ot the foregoing 1list of programs may be required. These
changes may be temporary (one shot) or a2y result in the
definition of a4 new computer program which 1s valid for only one
airplane. Also, additional computer programs are reguired to
solve specific proplems which are pertinent to the particular
airplane project.

Flight Simulatpr--Goal: Provide a simulation of the
airplane in flight.

The fixed base simulation w11l be similar to the work
performed im Block V-1l. However, a8 time progresses, OOTLe
detail 1s introduced.

The effects motion produces upon the pilot will be measured
by use of a ©mDoving base simulator. That simulation will be
performed in a different facility than the fixed base
simuiation. Discrete yusts, wind shears, random turbulence,
failures, and pilot input provide the excitatiorn to drive the
cab. The primary result of the simulator stuady 1s the pilot
rating changes produced by motion.

Flutter-~Goal:; Puerform flutter analy3is to support detail

The flutter work of Level V will Le continuwed. However,
the detalil will be suffacient for final drawing release. The
computational activity and computer piogiaks usSed will be the
same as Level V. Additional computer programs may be regquired
to solve specific problems which are pertinesnt to the particular
airplane projact. If uncertainties of theoretical predicticans
exist, they will be resolved experimentally.

Plans _and Schedules--Goal: To provide Program Management,
Operations, Harketing, and Fainance ith plans and scheduling
information,.
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The Block V-11 estimates of the engineering release
schedule and manpower plan, the product development/verification
test plans and the wmanufacturing schedule are updated.
Identification of critical schedule 1tems such as forgings,
mockups, etc., i5 continued.

An integrated engineering schedule is 1nmitiated to 1dentafy
and define the scheule relationships between the technical tasks
to be pertormed by the various design project groups and the
technoclogy staff groups during the final design process. In
Level VI, the purpose is to assure schedule integration between
these tasks which are nighly aincterdependent in terms of
technical data availability and timely pertormance of design and
technical tasks relative to data. The 1integrated engineering
schedule {5) sets forth the majer milestores which represent the
tollowing schedule dependencies:

L. Design project ¢group schedule reyguirements for key
interface desigyn date from another design project
group upon which their effort i1s dependent.

2. Design project group schedule requirements for key
technical data from a technology staff discipline
group upon which their design effort is dependent,.

3. Technology Staff discipline group schedule
reguirements for key design data from a desigh project
group upon which their technical tasks are dependent.

4, Technology staff discipline group schedule
requirements for k2y technical data from anrother
technology staflf discipline group upon which their
technical tasks are dependent.

Product Assurance:

1. Airrplane System Detalil Design Reliabilaty Safety
Analyses—--Goal: To incorporatc additional design detail into the
Level V Teliability and safety analyses, and to revise and
update Level V system sinulation models with pex data trom Level
VI design effort. Fault tree simulations (REL-5), ARMB {REL-2),
COBkA (REL-3) and CTS (REL-14 and 41) models will be updated as
reguired to assess impact of Level VI additicnal design detail.
Re-allocations as required will be 1dentified.

2. Systen Desagn Maintainabiliry Analyses--Goal:

Assessment of systen design cocfiguration against the
maintaeinability requirements and allocations.
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This assessment is manual. It supports the Reliability and
Safety analyses of VI-3. Accessibilaty will be studied and
optimized through use of +the computerized space arrangement
nockup.

3. Component Specification Control Drawing Reliability,
Maintainability, Safety Reguirements--Goal: to assure that
reliability, maxntainability, and safety requirements for
functions and components are realized in the actual hardware.

Reliability, maintainability, and safety regquirements and
allocations, established 1n Level IV and used 1n all assesspent
analyses, are defined in the specification control drawings for
all hardware. Contribution to overall syster unreliabkility of
components 1s assessed as these component detail designs ars
developed. HManual calculations, CIS (REL-L4 and -4%1) and COBKA
{(REL—-3) are primarily used for these component assessments.

g, Arrplane Systen Reliabilaty and Maintainability
Evaluation-—Goal: An evaluwation of +the total system in the
operational environment.

Simunlation model {REL-1 or REL-4) will evaluate
interactions, major influences, controlling parameters, special
features and characteristics affecting utilization, dispatch
reliability, maintepance and logistics facilities and costs.

Variables such as fleet size, route structure, schedules,
flight time, and ground time are altered to assess each change
in design and to evaluate strengths and weaknesses of each
airplane 1nh the operational environment.

Propulsaon—-Goal: To complete final design and development
of the propulsion systen.

The Level V activities are continued to conmplete design and
integration of the nacelles and mounting structures. The
techniques and activities described in the following sections of
"Structural Design® and YSystems Design® are applicable to the
propulsion systenm.

Stapility and_ _Control--Goal: To complete all airplane
stability and control analysis, control interference effects,
thrust reverser effects and unusual confiquration effects, to
analyze all waind tunnel testing, to size actuators from control
surface wind tunnel tests 1in Block VI-2, to do detailed control
surface effectivenesss analyses to assist control system design,
to do flight simulation of all design conditicns including
failures and of turbulence and qust elfects.
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RIGINAL PAGE B
%F POOR QUALITY

This Level 18 the product detail design phase where
analyses are aimed at achieving a total practical airplane
control system and SAS design in comjunction with as complete as
possible understanding of the basic flying qualitites of the
configuration. Wind tunnnel tests in Block VI-Z will not only
update previous wiod tunnel data of Level ¥V but will provids an
extensive range of aerodynamic data Efor all possible conrtrol
surface applications, high 1ift application, speed brakes,
landing gear, thrust Tevaersers, etc. Aerodynamic
cnaracteristics will be calculated from wind tunncl data 1in
Technical Program Elements S&C-21, -22, -23, -24. Aerocelastac
corrections w11l originate from structural load analyses
undertaken in 8lock Vv-10 and VI-3. Control surface actuators
will be resized using rigid hinge moment data from wind tunnel
tests Block V-15 and VI-2 with aeroelastic corrections obtained
from structural load amalysis 2n Block V-10 and VI-3. Actuator
rate requirements w11l be specified from the flight simulator
tests undertaken 1nm Block V-10, and further simulator testing in
this Level VI. Piloted simulatzion will be extensive and will
incorporate the current f£light control systen. Pi1lot displays
and controllers w%ill be representative of the airplane. An
assessment of flight control system efrects, gearings, rates,
etc., on handling qualities will be made 1n conjunction with the
assesspent of failure wmodes (mechanical, hydraulic, engine
thrust, etc). Hodels to simulate discrete gusts ard turbulence
will be incorporated in the flight simulation.

Static Loads--Static loads for a supersonic configuration
would be computed to meet the requirements of the appropriate
certification authority and any additional Boeing criteria. The
methods used would be an extensicn of those used in lower lavels
with improved and more extensive input data. Additional Progran
Elements would be developed as specific needs arise and 1t is
unlikely that they would bpear a marked similarity to any
Elements available today. For this reason no Element
descriptions are presented.

Structural Design--Goal: Exvpand and refime the structural
design as derined 1in  Block V-10 into a completely detailed
2ngineering package. [his package would consist primarily of
data filed an the cosputer data bank library, but could also
include any desired hard copy such as engineering drawvings,
documents, specifications, or Lesports.

It 1s intended that no new structure design definition be
accomplished at Block VI-3, only expansior and refinement of
solutaions and concepts ol Block V-10. It is heie that the real
capabilities of +the computer camn be utilized to provide
efficieacy 1n the desiqgn process. The design definition of a
siugle pody frame, f£loor beam or wing rib from Block V-10 can be
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repeated almost instantly 2, 4, or even 50 taimes. It can be
readily modified to accommodate any nuamber of cptional,
alternate, or special cases of similar concept. These special
cases would include exceptiocnal geometric or spatial limitations
on the structure, unusual mapufacturirng or assembly conditions,
or differing sealing or systenm to structure interfacse
requirements. Only the incremental change in the design woulgd
require study while the data base would retain, anstantly
available, the remaining part of the design. Such a concept
would be especially valuable for an area ruled body. Every
frame would be similar in concept but of different diameter with
varying stringer pitch. In like manner all floor beanms would be
of different 1l1length. The gproblem of retaining and urilizing
such intormation is particularly well suilted to tle cowmputer.

The systems to structure interface would be refined in the
computer mockup identified in Block V-10, but a full scale Class
III mockup would also be necessary awd will be defined ain Block
VI-4.

Great efficiencies would be derived from both the speed anrd
accuracy of data transfter between the men and machines in the
interactive design process. ITn addition, with fewer people
involved the management can be more concerned with technical
considerations and less with manpower. Hopefully, the peak on
the engineering manpower nountain presently necessary aip product
detail design can be Teduced because of a nmore thorough
preparation 1in Block V-1u and the improved design efficiency of
the intwractive tool DSA-5 and the design analysis programs DSA-
b and on.

All of the desigm considerations, criteria and constraints
of Block I13I-12, IV-3la, and ¥-10 will continue to influence the
design process at this level. Great attention to fine detaal
will be mandatory to complete the design package. All
fabrication and installaetion requirements for every part and
assenbly must be determined during Level VI. -Thesec regquirements
include hardware wmaterial, heat +treatment, geometry, fit-up
tolerance with adjacent parts, fastener spacing and location,
surface finish, and protective coating requirements.

Ona possible benefit of the use of IPADL will he

1dentification and control cf parts. This controi and
jdentification would begin with part numbering and automatad
parts Lelease at Level VI, Manufactuiing and waterial
visibility of these parts begins at this point. Raw material

orders, ¥C programming and large tool planning wcould all use the
data base inputs made at thais level. A most important aspect is
that the engineering would at this point be in a form accessible
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and acceptable to operatiomns without reguiring conversion for
automated fabrication technigues.

Structural Sizing and Stress Analysis--Goal: 4 complete
detail design (DSa-5, -6, -7, etc.) of structural components andgd
subassenblies 1s performed at this level. The resulting gages
and areas are usad to update and refaine the finaite element
1dealization for recycling of loads. The end product is an
airplane where all detail designs have been performed.

The final result of this structural sizing should include
optimization of the cowmponent sizes and corrections from test
results. The results also will te 1n a form whickh can be
directly used for making the production drawings.

The sizing of the components and subassemblies are based on
the same considerations as ain Level ¥V, however, gqualitatively
this is gyoing to result in more accurate sizings and margins ot
safety as thne internal loads are based on a mcre refined
structural idealization, the results of which are updated wath
respect to Level V¥V and to some extent Level VI test results.

The finite element idealizations will be done in two ways.
Primarily a complete airplane model will be established for
recycling of loads and determination of overall internal loads
distributions where local conditions promote steep gradients.
In the aipnternal loads distraibution, separate local detailed
ldealization will be =stablished. These latter rodels will be
used for comparison ith the test results from level V and VI
and ultimately sorve as a basis for detail desaigns o©of these
local areas (STHR-b6).

System Design--Goal: To complete final design and
developnent of all systems.

Continue Level ¥V activities and complete the following
additional activities.

i. Identify all nardware required and release preliminary
information to the mockup. Finalize and release
design of detailed parts and installation information.

2. Finalizec and reiease procurement specifications for
new equipment 1tens.

3. Finalize and release maintenance inforeataon apcluding
the following:

a. A systen schematic diayram with systen
faintenance reguirements noted. The system Ynew
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condition® operational lipits are identified for
the nmanufacturer's functional test reguirements.
In addition, +the system Yin service" minimunm
acceptable operational 1imits are established for
the operator's functional test requirements to
allow for normal deterioration.

b. A component maintenance data sheet for all
components of naintemance significance. This
data shzet contains information on accessibilaity,
servicing, test and inspection, and removal and
replacenent, The following information is
established for each component:

{1} Test Provisions: self test eor test-in-place.

{2) Thz componcnt removal basis 1n one of three
categorlies: (a) Time-controlled components
with predictable wear-out rates which will
be removed and replaced in accordance with
the scheduled time between overhauls (TBO) ;
{b) Condition-controlled components which
can continue to operate until inspectionh and
tests (made without removal or tear-down)
indicate +the part 1is nc longer airworthy.
This category is generally related to parts
which fail or wear out gradually; {c}
Failure-controlled components which can
continue in service until failure. This
cateqory is generally related to parts which
fail abruptly and thear fallure does not
1Empose any hazard.

C. Procurement specifications: Each procurement
specification contains a maintainability
raguirement to meet the intent of b. (1) and b. (2)
above, and a test to prove satisfactory operation
at a specified deteriorated performance level.

4. Finalize and release schematic diagrams of the
electrical carcuits and develop integration with the
wire release system (STM-22).

Heights (Type E)-—-Goal: To provide the Staff, Project,
Fipance and Manufacturing organizations the current status of
the configuration's definition in terms of weight and weight
related items an a form which is meaningful to each recipient.

The weight data are based on calculations from released
engineering drawing by part and actual part weights. A first
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attempt to provide this capabality 1s contained in Technical
program Element WIS-22.

Wire Release System—-This 1s a typical packaged part desigm
process with the goal to define, 1integrate and control all

wiraing in the airplane.

The Wire Release System 15 a composite of approxaimately 80

proGrams. It primary data base consists of a wire masterfile,
an eguipment masterfile, and a faile containing production
information {(primaraily from planning and mockup 1inputs).

Several smaller files provide specialized 1information to be
merged with the primary data on various output reports (STE-22).

The major output reports are used in the following ways.
1. Engirnesrinyg
A Input of wire and equipment to data files.

L. Verification of agreement between data files and
wiring diagrams.

C. Reference information tor configuratien of any
airplane.

2. Mockup

A Input of wire lergtihs and sulbassembly groupings.

b. Raferewce information from which formboards and
production r1llustration {p.I.} diawings are
producoed.

3. Planning

a. Input assembly sequencing information.
bh. Issue production orders for every bundle
required.

4, Material

2. Purchase wire, connectors, etc.
5. Manufacturing

a. Cut and mark wire.

b. Preassenbls connectors
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C. Assemble bundles
d. Test bundles

. Connect bundles together after dinstallation in

airframe.
6. Customer Airlines
3. Haintenance
b. Tdentification of spare wWires
C. Identification of bundles and equipment for

ordering spares.

d. Input of information on post-delivery
modifications.

Program Descriptions:

#anufacturing Plan {Includes _Bundle _Equipment _Last)--This
program provides a report containing production ainformation, how
many to build, what parts are used, where to install the
bupdles, sequence of assenbly. Some engineering input is
required, but most of this data originates with wmockup or
planning.

Wire _List--This program 1lists each wire in every burndle. It
shows information as wire number, termination {(both ends), size,
length, color, type, assembly sequence, and references the

wiring daagram which shows the wirte.

Egquipment List~—-This program shows part number, descraiption,
next assembly, reference wiring diagram, etc., for each
equipment 1tems number used.

The three programs above are the heart of the Wire Release
System. Their master—files record the detail confaiguration for
aevery airplane of a model serles, and ar=s updated with any
frequency desired (usually 3 times per week). The cther files
in the data Dbase contain information of general applicability
rather than specific data for individual airplanes. A1l other
reports 1m the Wire Release System are Yderived" reports; that
is, derived from the data supplied by the three rajor progranms
and the several smaller data files or tables with nc additiomal
input of information.
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Shop Aid reports include the following.

Assembly connection list--is a report showing how loag to cut
cach wire, from what wire type and size to cut it, how to mark
it, and how to connect 1t. A separate list is issued for each

group of wires within a bundle.

Plug_maps~~are physical layouts of connector 1mnsert arrangements
with the wire number for esach pin printed immediately below the
pin number.

Foroboard list--is similar to the assewbly connection 1list
except that 21t is sorted by ejuipment item number ratrer than
Wwire nunber to enable the worker +o finish one 1tem before
starting another.

Manufacturang plan--1s basically the same as used by engineering
except that part numbers for all equipment items are aadcd by
the comput=ar from the equipment file.

Other Manufacturing HReports are:

Part Hequisition Cards ar-= ased to 1issus parts and serve as
materiel records.

Bundle _Assembly _Tags control the routing of Lundles in the
proper sequence through the production line.

Datex cards supplement the assembly connection 1list foir those
wires which can be machaine cut and coded.

Wire Identification _Tapes provide wrap—arcund identafication
tags tor those wires which canmot be machine coded.

Automatic Wire Tester cards are used for automated testing of
completed wire bundles.

Bundle Seguence _List provides plannirqg with a complete list of
bundles required for an airplane, sorted in productiron ssgquence.

Hook-up Charts provide final assembly workers with hook-up
information reguired at the time bundles are installed 1in the
airframe.

Otner Non-Manutacturing Reports include:

Diagyram Check List is an extract of thz wire file, scrted by
wiring diagrdm. Tt 1s used to check compatibility between the
data base and the wiring diagrams.

Equipment Chzck List is analogous to the Diagram Check List but
ls‘extracted from the egqulipment file,

,
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Wire _Compare _List shows only the differences between any two
airplanes of the same model.

Part Number Summary 1s an extract of the equipment file sorted
by part number. g

Bundle _Assembly Index shows which bundles are used on what
airplanes.

Diagram Egquipment List part of the Diagram Manual Report (DHR)
1s an eguipment 1list for one customer only and is sent to the
airline for mpaintenance information as part of the Wiring
Diagram Manual. Diagram Manual Reports are available to
customer airlines on hard copy, punched cards, magnetic tape, or
mircrotilm at the customer's option.

Diagram Wire List {Part of DMR) 1s a full wire listing for all
bundles ror one customer block.

Hook-up Charts, Ground List, Splice List, Terminal List are all
part of the DMR and give hook-up informataion for varicus
agquipment items.

fire Quantity Report gives HMateriel information on how much wire
of each type and size 1is required per airplane. Total wire
weight per airplane can also be obtained from this prograum.

Block _vI-4. Manufacturing Review——Goal: To monitor
gchedule sensitive iten releases from Engineering to assure that
maaufacturing activities cap be responsive.

Operations refine wmanufacturing plans and make inputs to
manufacturing computer systems for part card coding, detail and
subassembly orders, and major assembly and installation paper.
Engineering changes are scheduled and unit segquencing
accomplished.

Engineering releases are monitored per the Document
Industrial Enginecrinyg (DIE) and manufacturaing schedules
adjusted for 1late releases. #anufacturing assesblies, and
detail deviations are ideatified for facility of production.
These become 1nputs +to the manufacturing systemws, hut do not
axist in the end product.

There is a continuous interaction between Engineering and
Operations as +the part dra¥ings are released. There nust be
guick response by Engineering to design change requests that are
basea on improved cost and schedule assumptions. Many reguests
are initiated on the basis of problems encountered on the Class
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I7I manufacturipg mockup network Block VI-&4. Where possible,
changes are incorporated in the initiral releases.

Block__VI-4. #Mockup-—Goal: To provide the mockup planning
department with information to develop the required engineering
and manufacturing mockups and to produce production 1llustration

drawings.

Engineerang__Mockup--Preliminary informatiorn and drawings
are used to construct the engineering mockups. Class I mockups
provide approximate information of the airplane structure and
are used to evaluate full scale 1ntegrated space and arrangement
concepts of the airplane. Class 1I mockups prcvide more detail
of +the airplane structure ana are used to evaluate tuli scale
structure and couponent installation concepts. These mockups
include wmoving parts where required and provide faimral checkout
information for the integrated €mngainesring evaluation.

Manutacturing Mockup-—Final engineering drawings are used
to construct the Class ILI manuracturing mcckup. This mockup
represents the =xact prodaction airplane structure made <from
final engineering ainformation and 1$ used for engineering and
manufacturing evaluation of the 1integrated airplane structure
and systems. The Class IIT mockup s used to develop tubaing,
wiring, thermal and acoustic linaing, and other parts which do
not reqguire detall information from engineering.

#anufacturing pLepares production illustrations (PL
drawings) which are co-signed by engineering. These are
perspectaive views of wirirg, system coaponent and tubing
installations in the manufacturing Class III mockup. These
drawings provide ainstallation information to manufacturing.
Computer-aided design support can provide views of the structure
to which the detalls are adoed marually. These are updated as
the result of design changes.

Block__¥I-5. _Summarize and_Leview--Goal: To suaomarize and
review the detailed part desigm process by use of the management
information system (¥In-1, -2 and -3).

4.3.3.7 Level VII - Product Manufacture

The goal of Level VII 1s to huild the product. This Level
appears by definition at the end of Level VI. The IPAD system
will interface with manufacturaing, to the extent reguired to
cause the product "as design=d" to be built.

Block __VII-l. __ _HManufacturing --Goal (L) : Provide a
manufacturing process to build the eud product to tulfil the
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engineering specifications and assure that the ™as built®
configuration matches the "as designed" configuration.

The manufacturing process utilizes extensive computer
systems to produce shop paper, collect cost data, Teport
execptions, and record configuration. Numerical control
fabrication depends on a large general purpose computer and the
status of tools is reported by means of a computer program. For
exanple, the design, planhing and fabrication of wire bundles
Are controlled by a computer system (Wire Release System STH-
22). The complexity of the process is controlled by a series of
checks and re-checks, both mapugal and automated, with decision
making data available to management as a by-product. The final
check by Quality Control 1s a match of the "as built" data base
against the "as designed" data base.

To further amplify this example, the ®Wire Release Systen
provides wmanufacturing with reports desiguned to assist
production as follows (STH-22}:

1. PFabricating bumndles {Cutting wire, marking it, in-
stailing connectors, grouping and
tying wire into bundles),

2. Testing bundles {Using card controlled Autonmatic
Test Byuipment),

3. Installing bundles {Haking connections between bundles
after bundles are installed in the
airframe).

The only information required for the above steps not
supplied by the Wire Release System 1s conrtained 1n standardized
assembly procedures, formboard drawings (sub-assembly level) ard
production 1llustration drawvings (final assembly level).

Goal {2): To provide engineering liaison to mwmanufacturing
for rapid engineering response to manufacturing design change
requests as the result of fanrication difficulties.

There are design discrepancies that affect producibility
and are not apparent antal the actual fabrication, assembly, or
installation 1s attempted in the factory. When problems arise,
there nust be a fast Tesponse by engineering to the
manufacturing request for a design change, in order that the
matter be resolved vwith the 1least possible delay in the
production process. The liaison activity provides the response
and also feeds the information to the parent ocrganization to
assure that the affected design media are corrected.
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Block VII-2. Production Problem Requiring Redesign?-—-Goal:
To provide a process by which regquired design changes are made
known +to the engineering desaign project. These changes are of
the type which cannot be made by the engineering liaison
organization supporting the manufacturing etfort.

Block V¥II-3. Extract Confiquration Accountability-——Goal:
Provide configuration accountability and cost data by airplane
unit.

Throughout the manufacturing process, production events are
occurring which deviate from tae Manufacturing Plar. Thess
include shortages, out-of-sequence rework, remove and rcplace
operations, retrofit kit installations, etc. The 1nteraction of
the fabrication process with Quality Assurance assures that
records are maintained to provide configuration accountability
for each airplane unit. The data base 1s updated om a daily
basis. Other parameters that are maintained an the data base
are part and labor costs, part weights, and overhead costs.
Various reports, both scheduled and reguested, are compiled
using elements from the data base and the management informaticn
system (MIS-2 and -3). For example, the sire Eelease Systenm
(STH-22) provides reports containing the amount of wire ain an
airplane, by type and gage, 1ts woight, and a laisting of all
electrical and electronic equipment 1tems.

The Standardized Weight Record System (WTS-Z2) provides
weirght and balance data and welght related data sSuch as
cost/weight and weigyht change resulting from contiguration
changes.

4.3.3.8 Level VIII - Product Verification

The goal of Level VIIT is to verify the safety and
performance of the product. This will be achieved by tests most
likely outside the IPAD man/machine environment, but the results
will be recorded by the IPAD data base managemert systenm.

Block VIII-1. Airframe Testing-—-Goal: To vwverify the
static strength and tatigue 1life of the airframe and that
certification standards and requirements have been met.

This testing 1s destructive full scals testing of praimary
structure and the varification relates to ultimate loads and
predicted fatique life. There is nhowever, a seconeary objective
mairly of data collection character. The tests will be designed
in such a manner that strain and deflection measurements can ke
used for inferences regarding plasticaty eifects and influences
on internal locad distributions, shear lag, stiftness

244



characteristics {(impact of joint and fastener flexibilities),
material effectivity under buckled conditions.

The results will be used for upaating internal loads
distributions and establishing airplane growith potential and/or
improvements. Finally these results will be incorporated in the
data base for future reference and predictions.

These tests will be supported by reliability and safety
assessments (REL-6, -8, -9, -13).

Block VIII-2., Flight and Ground Testing—--Goal: To conduct
tests with a fligyht-capable airplane to verify flight and ground
performance and safety. These are discussed for several
technologies.

Aerodynamics--Goal: To cerify the performance guarantees
and reqgulations.

Proof of guarantees and tfederal safety requirenents
requires extensive flight tests., Aerodynamics will in the main
be concerned with measuring flight guantities that relate to
performance. The low speed 1ift capability 1is determined. The
cruise fuel consusption, which in turn implies drag levels, is
measured., Buffet and stall conditions are mapped.

The data taken during these flights wi1ll be roduced and
placed in the IPAD data bank. This will facilitate the writing
of manuals and documents supporting the measured performance.

Ground Vibration Testing--Goal: Verify _the theoretically
predicted vibratory characteristics of the airplane. Provide
information on structural properties of the real airplane, w¥hiach
may serve as basis for improved final aeroelastic calculations
berore the first flight.

The manufactured airplane will go through an extensive
ground vibration test to obtain the natural mode shapes and

frequencies for cColparison with the £flutter model and
theoretical modal data wused 1n determining the flutrer
characteristics. The dynamic characteristacs of the control

system w1ll also be determined by test. The generalized masses,
natural frequencies and damping characteristics associated wWath
the mnatural modes of the airplane should be determined for use
in verifying analytical flutter predaction.

Flight Control System--Goal: To demonstrate flight ceontrol
system characteraistics.

245



Flight tests are performed to verify the <flight countrol
system design. Note that the ground rcll poition of tests to
demonstrate an antoland system will be performed at this tine.
The tests are primarily transient response and the simulations
of PC5-&6, FC3-9, FCsS-10, and S&C-19 may be used to correlate the
experimental results with theoretical results. Frequency
response testing may also be used. Hence, the computer programs
FCS-1 and TFCS-2 will be activated. Flight test data reduction
1s a highly specialized field. Therefore, the data reduction
computer programs will probably operate in a stand-alone mode.
After test data has been reduced into a useful form by the data
reduction prograns, sels=cted portions of the results will be
transmitted to the IPAD data bank.

Flight Flutter Testing--Goal: To cnsure that the airplane
1s irse from tlutter throughout the design 11igkt envelope.

Full scale flight Elutter tests are conducted to ensurse
that the operational airplane will be safe from flutter and to
determane tne subcritical response characteristics of the
airplane. In these tests dymamic excitation is applied while
the airplanme as flown at constant speed and altitude while the
resonance medes are exclted. The recorded rTesponses are
analyzed to give resonance freguencies and decay data before the
test 1s repeatad at higher speeds. Test speed is ancreased, for
a range of altitudes, until the whole design flight regime 1is
shown to be safe or until an incipient flutter condition is
discovered.

If a flutter suppression system is required, the flight
flutter tests will verify the control system stability margins.
The procedure is saimilar to the procedure followed i1n the wind
tunnel flutter model tests (design network Block VI-2).

Propulsjion-—Goal: To establish the performance of ‘the
propulsion systen.

The noise characterastics will be wmeasured, and the
installsd engine characteristics will be deteirmined. Engine
operataing lamits wili be described, and fuel usage will be
measured. The effectivencss of thke thrust reversers wWill be
demonstrated, The control and recovery chdaracteristics of the
inlet system will be established.

Reliability Assessment--Goal: To assure adequacy of the
£light and ground testing from the standpoint of reliabality and
safety.

A review of the Flight and Ground Test Plar praor to
testing and review and analysis of test data is performed.
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This assessment is manual for pre-test review. Test data
reductions will be by REL-6, REL-8, REL-9, REL-13.

Stability and Control-—-Goal: To certify +the flying
qualaties of the airplane to meet appropriate regulations for
desirable handling qualities, for normal and foreseeable
abnormal failure conditions, rTequire extensive flight testing to
meet regquirements for the Federal Aviation Administration and
possible other authorities such as the British Air Regastration
Board.

Stability and control are concerned with measuring £1light
behavior and tne correlation with estimated characteristics and
the registration regquirements. Also of 1importance in these
tests are those characteristics which affect the performance of
the airplane and its ability to meet guaranteess, 1i.e., takeoff
rotataion speed and rotation rate, landing flare capability,
minimum control spesds.

Typical flight characteristics that will be @peasured acre:
roll response, stick Fforces, +trim regquirements, asymmetric
thrust effects, dynamic responses due to control inputs,
crosswind takeoff and landing capabilities, system 1ailures,
etc.

Data taken from these flight tests w1ll be analyzed and
stored 1in the IPAD data bank. A flyiny gualities document will
be «continually updated to reflect the actual flight
characteristics measured ain flight test: flight simulator
documents used for design as well as flight training and
demonstration will be updated similarly.

Block VIII-3. Functional Testing-—Goal (1l}): To prove
acceptable operation of components and systenms.

Systen coaoponents are bench tested for compliance with
prescribed operational reruirements prior to installaticn on the
airplane.

Airplane systems are tested on the airplane for compliance
with prescribed operation requirements.

The functional tests are performed following procedures
established by enginesering, for example, the ¥Wire Release Systen
provides 1IBM card decks ror use in functional testing of Boeing
built electronic modules (Hughes FACTY and vendor supplied
modules are tested by a Hawker-Siddiey TRACE. Data for this
does not come from the Wire Release Systen.
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Goal (2): To assure adequacy of functional testing fronm
the standpoint of reliability and safety.

a review of functional test plans prior to testing and
review and analysis of test data 1s performed.

This assessment is manual for pre-test review. Test data
reductions will pe by REL-6, REL-8, REL-9, REL-13.

Block VIII-4. Supmarize and_Reviliew--Goal: To provide the
Engineering, ¥Finance, UHanufacturing organizations, Program
Hanagenent and the Customer {accordaing to contractual
obligations) a current status of the product definition.

Dlock _VIII-S. Problem _kequiring_ Redesign?--Goal: To
monttor the veraification processes and determine whaich parts
need redesign. These parts will be returned tc Level VI for
review and redesign. The data base management system will
retain tne information describing the nature of the diffaiculty.

Block VITIT-6. Cartifacation~-Certification is a major
milestone. Once all the required airframe, flaght, grcund and
functional tests have necn satisfied, and certification has been
obtained, the product can enter the in-service phase.

4.3.3.9 Level IX - Produact Support

This Level is concerned with <c¢ollecting anformation
reguired to suapport the product once 1t 15 in service. Its
performance and other inservice airformation wall be continually
monitored by entering data in the Jata base and using the
capabilities of the IPAD data base management system.

Block IX-1. In-Service Parts Histories-—-These will be
monitored to detect problems, and to enrich the statistical data
base for the Przliminary pesign Levels. For example, the Hire
Release System (S5TM-22) Technical Program Element will waintain
wiring and egqulipment data for each airplane throughout 1ts
service 1lire, aincluding any modifications made after delavery.

In addition, after an airplane has entered commercial
service, maimntshance 4activity such as part replacement, both
scheduled and unscheduled, r=2trofit kit installation, and systen
fallures, are important to develop improvemsnt on current and
future programs. These parameters are used to update the data
base by airplans units. Customar Enyglneerlng canh reguest
extracts of this type of information.

248



Also, the reliability data base is updated for the bepefit
of the following technical program elements; REL-6, -9, -11,
-12, -15, -16, -17, -28, -29, -30, and -31.

Block_ _IX-2. In-Service _Payload _Pactors by Eoute-—-This

information enters the marketing data base for marketing
estimates of current and projected new products.

Block _TIX-3. In—-Service Airplane Performapce Changes—-This
information 1s made available to the data bases of the affected
technical disciplines, where serious degradations will modify
future designs.

block IX-U4, In-Service Systems Performance--Performance of
various systems will be recorded as the airplane 18 operated.

Block__IX-5. In-Service_ _Problem?2--This will refer in-
service problems back to Level VI for analysis and design
revisions.

4.3.3.10 Procedure - Equations of Hotion

The equations of motions are represented by the stlution of
a set of Technical Program Flements that appear fregquently
throughout the Preliminary Desigm lLevels. The tasks that appear
in this procedure are given below.

Block 'EM-1l. Form Mass Matrix--Goal: To form standardized
mass matrices which will contain for each pre-defined panel:

1. Weight,

2. Center of Gravity,

3. Mouwents and products of inertia about the cg.

This data will be subseguently modified by the analysis in
Block EHM-5 to traasfer the mass data from the panel cg to a
reference axis used by the dynamic loads, flutter and flight
controls analyses.

In order to facilitate the analysis of various fligat
conditions, there should be separate mass natrices developed
for:

1. Wing (flaps up and dcwn),

2. Bedy,
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3. Horizontal tail,

y. Vertical taal,

5. (each) nacelle and strut,

6. Landing gear (up and down),

7. Payload,

8. Fuel.

The mass matrix will be developed by WIS5-20.

Block _ER-2. Form Stiffness Matrix--Goal: To form a
stiffness matrix (reduced) for specified kinematic freedoms.

The airframe 1s structurally represented by finite elepent
models idealized to levels of detarl dependent upon the design
level attained. PFrom the appropriate fimite element mpodel, a
reduced stiffness wmatrix may Le generated for a given set of
specified kinematic freedoms (STIR-6).

Block EM-3. Form Aerodynamic Influepce Coefficient
Matrix——Goal: To establish an aerodyramic influcnce co-

gfficient matrix for use in the solution of the equations of
motion.

fhe formation of the AIC matrix 15 controlled by ARO-4,
which moni tors the solution of a well-panelled— (in the
aerodynamic sense) AI< matrix, then shrinks 1t intc a more
managable si1ze for subsequent loads asalysis. The loads for the
matrix are actually formed by ARO-5, wnich 1in turn relies on
BR0-6 for the interferencs of the body on the wing. ¥1ings,
empernnages, bodies and ndacelles are modelled. The solution 1S
valid from dMach = 0 through Mach = 5, with a continuous solution
through Macn = 1. The load distribution 1s still usable in the
transonic reglma, Aalthough accurate surface pressures are not
provided where mixed flow exists.

Block EM-4. Establish Traim Points--Goal: Compute angle of
attack, sideslip, and control surface settinygs reguired for
trim. '

Trim po1nts are uasually computed for level £light.
However, a steady claimb, verticul acceleration, steaady

turn, and sideslap are also valid initial conditions. The trim
points are coamputed (5&C-16) by iterating upor the mass matrix
{8lock EP-1), the stiffness matrix (Block EHM-2), and the
acrodynamwic influence coafficient matrix (Block EM-3). These
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calculations are time consuming due to the large matrix size.
Hence, an alternate approach will be to build tables of trim
points for several Hach number, altitude, and weight conditions.
Subsequent trim polint calculations will consist of only a takble
look-up.

Block EH-5. _Natural Vibration Modes—--Goal: Hodal analysis
is used throughout the industry when doing a flutter, dynamic
loads, or an elastic flight control system analysis. The
initial step in any of these analysis is to obtain the natural
vibration modes of the airplane.

The natural vibration modes program (SPL-1l) 135 used to
calculate both symmetric and anti-symmetric free~-free mnode
shapes. An option is 1ncluded to be able +o alsoc calculate
cantilever nodes. The free-free mode shapes are calculated
directly using a mass matrix and a fice-free stiffness matrix
from Blocks Ed-1 and EM-2 respectively. Included in the output
with the mode shapes are modal frequencies, generalized inertia
matrix and generalized stiffness ratrix.

The entire mode shape calculation would be automatic at
this design level.

Block EM~6. _Option?--Goal: Determine which option to be
selected tor generating equaticns of motion.

This decision 1is computerized. Two decisions are alloved
namely flutter or gquasi-steady. If flatter option 15 selected,
Blocks EM-7, E#-8, EH-Y9 w1ll be exccuted. Otherwise, EM-10 and
E#-11 will be executed.

Block EM-7. Interpoclation--Goal: Provide modal values at
aerodynamic control points.

The modal values of normal deflection and streamwlse slopes
at aerodynamic c¢ontrol points w11l be interpolated from the
vibration modes at the lifting surface structural node points
(caiculated 1n Block EX-5), The interpolation 1s done by either
a general beam spline (SFL-15) or by a surface spline methcd
{SFL-14) . Theses interpolated modal values will be reguired for
executing th2 1lifting surface oscillatory aercaynamic programs
described 1in Block EM-8.

Block EM-8. Unsteady A=2rodynamics--6oal: Provide
generalized force matrices for flutter analysis.

Generalized force wmatrices arc caiculated by executang
unsteady airloads program.
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The state-of-the-art 1ifting surface unsteady aerodynamics
are used for flutter analysis of refined configurations.
programs identified as SFL-3 through SFL-8 and SFL-1€ through
SFL-20, will provide the capability of predicting oscillatory
airloads on single planar lifting surface, single rigid cowl,
main surface with leading edge and +trailing edge control
surface(s) and tab, wing-body, wing-tail, wing-cowl, T-tail, V-
tail, and other general configurations.

Generalizad rorce maktrices may be interpolated with respect
to reduced frequency at a certain Mach rumber using SFL-9.

Block_ _EH-9. Form _Flutter Matrices--Goal: Formulate the
equations of motion for flutter analysis.

Flutter matrices are consisted of generalized mass and
stiffness matrices (Block EN-5) and generalized forces matrices
(8lock EB-8). These matrices are formulated, along with speed,
altitude, and Mach number, as coefficient matrtices of a systenm
of second order ordinary differential equations (SFL-1G, SFL-11,
SFL-12). &additional eguations may be reguired Yo account for
the presense of actuators (FCS-13) and control system feedbacks.

Block _EM-10. Force Matrices——Goal: The generalized force
matrices are reguired to calculate bkoth the quasi-steady
equations of mpotion (En-11} and the 1lpad equations except
accelerations in the dynamic loads event Block IV—-42.

The generalized force matrix prograa (SDL-2) will wuse the
aercdynamic influence coefficient matraix (EM-3), rigaid body
modes, natural vibration modes (EN-5), mass matrax (EM-1), and
Wind tunnel wmodel corrections from the IPALD data base to
generate panel aerodynamic and 1nertia forces on the airplane.

A knowledgable enygyineer will be required to intervenes if
problems cevelop during on-line operation.

Block EN-11. Quasi-Steady Fyuations of Kotion-—-Goal: The
juasi-steady equations of motion are required in the solution of
the elastic dynamic airplane for f£light contrels system analysis
anpd dynmamic loads analysis. '

The unaugmented equations of motion program (SDL-2) uses as
anput data from the force matrices (EHN-10) and ratural vibration
modes (BEMN-5). The approach used in generatirg the equations of
motion 1s the 2nergy approach or mere specifically the "Lagrange
method." The proyram would bc semi-avtomatic and would rTequire
an engineer to guide it during off-line operation.
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4.4 OTHER VEHICLES

4.4.1 Naval Hydrofoil

A brief study was wmade of a naval hydrofoil, intended
primarily for patrol and antisubmarine assignements, powered by
a water-jet system both when hullborne and when foilborne.

This study was made because it is not an aircraft geometry
yet is & complex, highly integrated vehicle for which
considerable experience was available locally within The Boexng
Company. Brief design networks for Product Levels II, TIII . and
IV were established, with the result that the hydrofoil fit the
Product Levels concept as well as did Project 1 and Z. The
required Technical Progran Elements sere not collected and the
computing resources required to support this project were not
identified. However, the naval hydrofoi1l evaluated is
considered smaller in required computing resources than Project
1.

4,4,1,1 Design Networks

The design and analysis network indicating the design tasks
for the military hydrofoil is shown on figure 4.8. The product
levels shown {see fig. 4.1, page 24 }, are Level 1II, Design
Criteria Selection, Level I1I, Confiquration Sizing, and Level
IV, Configuration Refinement. A narrative description follows
the networks.

4.4.1.2 Xetwork Activities Descriptions

Level II Design _Criteria_Selection—-The goal of lLevel II is
to selsct the design mission and criteria for the subsequent
design. Some very brief analysis and design logic will be
required to support the selaction of these criteria.

Block II-]1. Daevalop Level II Inputs——The data stream for
this project begins with Level ITI. The initial inputs will be
derived from two sources. The user will provide specific inputs
such as the problem coastraints, performance reguirements and
technology time period. The last item will point toe groups of
data 1n the data base required to support the various technical
disciplines. Level TII 1is 3intended to Dbe executed without
interruption, therefore, all the inputs required for Level II
should be given at the beginning.
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LEVEL Il — DESIGN CRITERIA SELECTIONS

-1 DEVELOP LEVEL Il INPUTS

* USER INPUTS
* DATA BASE INPUTS

4

-2
PROPOSE MISSION REQUIRMENTS
-3 +
SELECT DESIGN REQUIRMENTS
& CRITERiIA
4 ;

CALCULATE INITIAL GEOMETRY

Figure 4.8 Design Networks- Naval Hydrofotl
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LEVEL IH — CONFIGURATION SIZING

DEVELOP LEVEL Il INPUTS
® USER INPUTS
e DATA BASE INPUTS
e LEVEL Il OUTPUTS

‘ )

CALCULATE HULL GECMETRY
& HYDRO DYNAMICS

IH-1

-2

r

CALCULATE FOIL-STRUT—
DUCT—INLET GEOMETRY
& HYDRODYNAMICS

1

CALCULATE DRAG & SIZE
WATERJET SYSTEM

-3

111—4

no

Yes

H1-6
SIZE ENGINES

1

S1ZE SUBSYSTEMS

!

CALCULATE ARRANGEMENTS

M-

-8

Figure 4.8 Design Networks~ Naval Hydrofoil (Continued)
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LEVEL lil — {Continued)

1H-1

HYDROFQOIL yes

ACCEPTABLE

MODIFY
MISSION OR
HYDROFOIL

MISSION

@_ HYDROFOIL

@ {To Level 1V)

Figure 4.8 Design Networks- Naval Hydrofoil (Continued)



LEVEL IV — CONFIGURATION REFINEMENT

V=" DEVELOP LEVEL IV INPUTS

« USER INPUTS

« DATA BASE INPUTS

« LEVEL Ili OUTPUTS
V—2 f

LOADS ANALYSIS
1v—3 +

SIZE PRIMARY STRUCTURE
IV—4 !
CALCULATE WEIGHT & MOMENT

WEIGHT OK
?

V=6 '
ANALYZE PERFORMANGE
IV—7 !
HYDROSTATIC ANALYSIS
V-8 CONTROL SYSTEM
SYNTHESIS & DESIGN

To Level V

MODIFY
MISSION OR
HYDROFOIL

®: _MISSION
®< HYDROFOIL

Figure 4.8 Design Networks- MNaval Hydrofoil {Continued)
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Block _II-2. Propose _Mission _Regunirements--The mission
requirements of payload volume and weight, endurance, speed,
range and maneuverability are specified. These will be apalyzed
to see how they compare against the principal design threat.

Block II-3. Select Design Reguirements and Criteria--Given
the above statement about the design mission, design
reguirements are stated or calculated covering takecff weight,
stability, foilborne 3impact damage, sStructural criteria and
materials, hull +types, and so forth. Some of this information
will be user supplied, and some will come from the technology

base.

Block _I1-4. Calculate Initial Geometry-—-The imitial
geometry design and interior arrangements will ke done to the
selected design criteria with building blocks of information.
Typical information includes the parent hull shape, foil-strut-
duct arrangement, £oil section and shape, engine model, puRp
model, location of decks, bulkheads, major components, and so
forth. These data will guide the subsequent design process.

Level III Configuration Sizing—--The goal of Level TII 1is to
size candidate configuration to the design mission and criteraia.
The sizing logic should be constructed to be executed with
minimal user intervention.

4

Block III-1, _Develop Level III Inputs--The development of
inputs for TLevel IIT will be similar to Level IT for the
categories of user and data base information. Fowever, in many
cases a Level III execution will begin frouw a Level II solutichn.
In these 1nstances, tne preparation of information required by
Level IIT from Level II results 15 to be done by autcmatic
processes. These default calculations will be approved and
corrected by the user prior to execution of Level IIX.

It will be desirable, but not necessary, to execute Level
ITI wirthout interruptions, so that the input information for the
antire execution should be available at the beqgainning. The user
may monltor the solution, especially in cases where optimization
is being done, to 1nterrupt, correct, then restart a soluticn.

Block III-2., Calculate Hull Gecmetry _and Hydrodynamics——
This activity will produce a hull shape (hull lines) from the
parent hull geometry. The design rules will develop a hull that
satisfies the current volume constraints. Then, the 1lcad
capability, drag and raighting mnonents of the hull while
waterborne are determined.
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Block III-3. Calculate Fpil-Strut—-Duci_ZInlet Geometzry
apd_ Hydrodynamics-~The foils are sized to provide the required
1lift. The strut is sized to contain the duct carrying the water
to the pump for the waterjet and to satisfy stiffness criteria.
The inlet geometry is fitted to the strut-foil intersection.
The 1ift, drag and moment characteristics of the total foil-
strut—-inlet geontry are predicted.

Biock IIT-4. cCalculate Drag_and_ Size Haterijet System—--The
total drag of the configuration, both hullborme and foiliborne,
1s determined. The internal drag of the waterjet ducts 1is
predicted. This allows a calculation of the required thrust for
takeoff, hullborne and foilborne conditions. The maximum thrust
required gives the desigan mass flow of water, which 15 used to
size the waterjet punmps.

Block TIiI-5. 1Inlet Duct OK?--In Block III-3 and -4, an
1nlet duct was assumed (first pass) or determined by previous
analysis {other than first pass). With the mass flow of water
determined an Block IT1I-8, the flow velocity in the inlet ducts
can be determined. If the velocity 1s too nigh, the ducts will
have to be resized, and the solution must return to Block TTI-3.

Block III-6. Size Engines--The hullborre an foillborne
engines {if different) are sized to the requirements established
in the earlier Blocks.

Block IIT-7. Size Subsystems--The various ship subsystems
({hydraulic, electrical, pneumatic, etc.) are sized to support
the desigr mission and its requirements.

Block ITI-8. Calculate Arrangements--Now that all the
subsystems, engines and pumps have been sized, an interaor
arrangement 1s calculated. These items are placed ain the hull,
then +the stores (fusl and supplies) are calculated, and the
arrangement 1s completed by finding space for these and for the
remaining deck arrangements.

slock_ _IITI-9. Volume QK?--This is an auwntomatic decision,
unless the user might wish to attempt to do arn arrangenrent
himself. If there 1s not sifficient volume, the design process
must return to Block III-2 to enlarge the hull and resize the
design. Also, 1f +the current design has too much voiume, the
design may return to Block III-2 to scale down the hull.

Block I1¥-10. Hydrofoil Acceptable?--This 1s a user review
of a correctly sized configuration. The design medules pay
produce a design that would be unacceptable for some unusual
reason. If the hydrofoil 1s acceptable, design proceeds to
Level IV.
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Block_ ITI-11. Modify Crateria for Hydrofoil?--There are
two optiorns from a negative result in Block TIII-10. The user
may elect +to retain the design mission and criteria and return
to the begainning of Level III to resize, using different sizing
rules this time. On the other hand, the hydrofoil contiguration
sized by Level III, although unexpected, may have some desirable
features. The user may return the desiqgn sequence to Level II
to alter the design mission and criteraa, in order to introduce
some of these desairable fzatures of the current design.

Level IV cConfiquration Refinement-The goal of Level IV 1is
to refine a configuration by applying more advanced analysis
methods to the design.

Block_ _I¥V-1. Davelop Level IV _Inputs--The design and
analysis activities of Level IIT have enriched the data base
about the configuration. These new data, as well as craiteria
and constraints from Level II, will bc put into iforms suirtable
for +the Level ITII analysis methods. This action will he
supported primarily by the IPAD data base manager.
Additionally, user inputs and infcrmation from the data pase not
previously required will be established. This activity 1s shown
symbolically at the head or Level IV, but due to the interactive
nature of Level IV, the data preparation activaity wmay be dore
selectively throughout Level IV.

Block TIV-2. Loads _Analysis--Detailed hydrodynamic loads
are determined in various sea statas for vwaterkorme and
foilborne conditions. Impact loads are estimated.

Block IV-3.  Primary Sitructural Sizing-—-The hull apd £foil
primary structure 1is sized to the loads developed atove. Bean
theory will be used where possible, but finite element analysis

will be used for the more critical areas.

Block _IV-4. Calculate Weight and Moment-—-The hydrofoil
weight and moments can be determined with good reliabalaty, now
that the hull size, systems and structure are all sized
together. This weight determination wi1ll use primary werghts by
analysis, with statistical weights for secondary structure other
than known cowmponents.

Block IV~-5. HWeight OK?--A preliminary weight estimate was
made back in Blockx III-8, 1in order to calculate the fuel
required. If that weight estimate is mnot 1in close agreement
with the more accurate uestimate of Block IV-4, then the design
sequence must return to the start of Level II1 for resizing.

Block IV—6. _Analyze Performanca--The performance of the
configuration may ©be accuratesly determined, now that the
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configuration is sized and the weight 1is determined for the
sized structure.

Block IV~7. Hydrostatic Analyses--The static stabilaty of
the hydrofoil is predicted for +the intact geometry, damaged
geometry and for the effect of wind loads.

Block_ _IV-8. _ Conirol Analysis—-The control system for the
foils w1ll be synthesized and analyzed for directional
stability, controlability and sea state response. The hydraulic
requirements to actuate the control system will be established.

Block IV-9, Hydrofoil _Accepitable?--The designer, with
system support, will review the hydrofoil aund determine 1f it 1s
suitable for contimued wotrk 1n Level V.

Block _I¥-10. HModify Criteria or Hydrofoil?--There are two
options from a negative result in Block IV-9. The designer may
elect to retain the design mission and criteria and retura to
the beginning of Level ITI to «tesize, using different saizing
rules this itime. On the other hand, the hydrofoil configuration
refined by Level IV may have some desirable features. The
designer may return to Level II to alter the design mission and
criteria, in order to introduce some of these desirable features
of the current design.

4.4.2 Hailitary Aircraft

No specirfic study was made of military aircraft, howvever,
they would be similar to the commercial aircraft studied and the
following comments apply.

4.4,.2.1 Hilitary Transport Aircraft

Tanker, cargo and passenger aircraft will be 1dentical +to
the Project 1 subsonic transport cxcept where nilitary criteria
differs from Federal Aviation Regulations and commercial
alrrcraft design standards.

h.4.2.2 Military Tactical and Strategic Aircraft
Subsonic and supersonic militacry aircratft will be siwilac
to Project 1 and Project 2, however, new sizing geometry wmodules

for Levels II and III are reguired. These modules must respond
to the military mission and design criteria.
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5.0 OPTIMIZATION

5.1 OPTIMIZATION CONSIDERATIONS IN IPAD

The capability to optimize an airplane configuration 1s a

primary IPAD requirement. In addition, IPAD must support the
general design optimization problem which 1s discussed in the
section on suboptimization, The elements of the overall

airplane optimrzation problem can Dbe identified in the following
three categories.

1. Independent Design Yariaples. The independent design
variables are controlled by the designer and determine the
overall general arrangement of the aircraft. Tre following are
examples of 1independent variables for several major components
of the aircraft.

¥ing and Empennage
Airfoil section, aspect ratio, taper ratio, sweep
angle, thickness forms, camber form and loadang
of the aerodynamic surfaces.

Fuselage
Payload, control cabir, body cross section, body
fineness ratio, empennage arrangemnent and
propulsion arrangement.

Propulsion

Engine c¢ycle, sea level static thrust, cruise

thrust, number cf angines, and propulsion
arrangement,
2. Eguality and Ineguality Desaign Constraints. Design

constraints ar= generally performance requirements which are
derived by marketing from custonmer requirements or are
requirements a2stablished by regulations and good design
practices. To reduce the cost of the optimization problem, 2t
1s desirable to express these as inequalities. The following
are examples of design constraints.

Range, payload, field length, approach speed, 1nitial

crulse speed, 1nitial cruise altitude, buffet margins,
engaine out altitude, etc.
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3. Dependent Objective Yariables. The dependent
objectave variables -are generally measures of efficiency or
merit and fall into the following categories.

l ]
Variables to be minimized

Takeoff gross weight, operating empty weight,
wing area, drag, ,specific fuel consumption,
direct operating cost, etc.

Variables to be maximized

Lift to drag ratio, ©payload to maximum gross
weight ratio, airline return on investment, etc.

}5.2 OPTIMIZATION STRATEGY

The application of three basic optimization strategies are
‘proposed for IPAD. First, the strategy of direct optimization
uses mathematical processes to perform automatic optimization.
various algorithms are collected into a "draver" that controls
the process of the solution to an optimum. The number of
variables 1s restricted +to a small number (less than 10) and
there is only one fiqure of merit. Second, the strategqy of
trade-off studies allows the user to evaluate a range of
solutions around the local optimum. These solutions are needed
because of multiple objectives that cannot be stated, or because
there are too many variables for the direct optimization
process. Third, the user optimizes the design thru a process of
successively more accurate analytical modelling. This process
is termed sequential model refining.

Tis

These  optimization, strategies and their potential
applications to the design networks are discussed in more detail
in the following sections. However, before proceeding, sonme
tmathematical definitions nust be stated. The principle
Jobjectaive of preliminary design is to determine an airplane
configuration (defined by design variables) that meets a set of
specified performance requirements (design constraints). Design
variables can be denoted by x = (Xyr Xgr essr Xp ), and it is

assumed that they can take any value within predetermined
bounds,

al S xl s- bl' a2 S .K2 S ha' «.ex 2tC. (5.1)

'Design constraints can be expressed as a series of
‘1neqgualities

95 (%) 2 6, =1, 2, ..., & (5.2)
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orC equations
hi(£) =0, 1 =1, 2, 0., 1 {5.3)

It 1s desirable to relate an airplane satisfying Equations (5.1),
(5.2} and (5.3) to a selected set of objectives (obijective_or
merit_ functions). The design problem can be put into the
following form:

minimize £, (x), naxinize f5(x), maximize fs(x},
maximize fh(x), +s. etc. {(5.4)

subject to the design constraints

94 (x) 2 0, hy(x) =0,

P

SXs<h (5.5)

j =-1, 2, <., Jd and i 1, 2, ..., I

The functions fl(x), fa(x), .=« constitute a number of

objective functions of the design process and usually no

one of them can be picked out as the sole objective.

To obtain a mathematically tractable problem, Equations
(5.4) and (5.5) need to be transformed into a problem with a
single objective function. One approach is to use as

the objective function a weighted sum of £1(x), fa(x),...,:

g {x) = wyEy(x) + wfp(x) + .onn.

The weighted sum approach introduces the difficulty of
selecting proper values for the weighting factors wy,
which represent the relative importance of the objective
functions, and makes 1t difficult to interpret the meaning
of the final optimum solution. A better approach is to
select one of the partial objectives £(x), fzfﬁ" v

as the nev objective function f(x) and constrain the
others. Therefore:

minimize f(x)

subject to
£q(x)

IA

CI' fa (E) 2' C2’ LI ] etC. {5.6)

gs(x) 2 0, hylx) =0, 3< x<b
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5.2.1 Direct (Explicit) Optimization

Equation (5.6) belongs to a class of optimization called
nonlinear programming and will be further referred to as direct
or explicit optimization. Mathematical processes representing
these algorithms are programsmed intc a "driver" that controls
the optimization process. The driver 1s capable of searching an
optimum without human intervention. The choice of reliable and
efficient technigues for handling any particular optimization
problem is a function of the problem's complexity, structure and
size. The cnaracteristics of the configuration optihazation

problen are as follows:

1. Relatively few design variables, typically of the
order of ten or less.

2. The starting configuration for the optimization
process 1is a feasible solution, and it usually well
approximates the optimal solution.

3. The variable ranges in which the optamum 1s to be
located are limited in size.

g. The variables and functions that are the partizal
objectives of the optimization are competitive and are
functions of many of the design variables.

5. The mathematical processes involved 1n computing the
objective function and constraints in terms of the
design variables are complicated and their derivatives
cannot be computed aralyticaily.

Ttems 1 and 2 insure a reasonable speed (small number of
i1terations) and a reasonable cost for the optimization process.
Item 3 helps locate the global solution and limit the tendency
for the number of jterations to increase unreasonably. Item 4§
indicates the need to reduce the original <formulation of the
configuration optimization with several partial objectives to
one with a single objective function. Finally, Item 5 suggests
that optimization algorithms which do not require partial
derivatives would be sasier to implement than methods which do
reguire derivatives.

5.2.2 Trade-0ff Studies

A single optimum solution may be of limited value to the
desigrer, who typically desires to explore some range of
solutions about an optimum (or several local optima) before
committing to a final configqguration. This desire for a range of
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\
solutions is met by trade-off studies achieved by sSensitivity
analysis, where the designer controls the trade by modifying tﬁp
tormulation of the optimization problem. Trade-off studies are
reguired for many reasons. For wexample, multiple objectave
functions, such as designing the first member of a family of
airplanes, may prevent a clear formulation of the merit
variables  or fanctions. Also, competing configuration
arrangements such as engines on the wing as opposed to enrgines
on the aft body, may have features that cannot be assigned a
definite merit velue, such as center of gravity limits required

for passenger and cargo loadability. In general, 1t is
frequently impossible to include in the mathematical model every
consideration that must be taken i1nto account. Also, specaal

customer regquirements may alter one or more objectives of the
optimization process from those desired for the general case.

Finally, 1t may also be desirable to test the sensitivity
of the optimal solution to any data inaccuracies, by repeating
optimization with different sets of 1nput data or parameters
describing a particular mathematical model of the designed
vehicle. The sensitivity analysis will be carried out in the
IPAD system by the following types of computations:

1. Change of the objective function and constraints
caused by <changes 1n the value of x (single desaign
variable) with other variables fixed.

2. Change 1n the optimum solution due to modifications of
constraints, (e.g9., tightening or relaxing the
constraints).

3. Effect on the obkjective function of reducing or
enlarging the set of design variables and repeating
the optimization process with the wmodified set of
design variables.

5.2.3 Sequential Model BR=afining

Sequential model retining 15 not a formal mathematical
process. It 1s the process whereby a given design 1s optaimized
as a vresult of successively more accurate amalytical modeling.
The sequence will in general start at a lower desaign level, then
proceed upward througn the higher levels. Trade-off studies or
even direct optimization may be performed at each stage of the
nodel refinemsnt. This optimization technique is entirely at
the control of the user.
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5.3 OPTIMIZATION APPLICATICON FOR PROJECT 1 ANWD 2

5.3.1 Configuration Optimization

Figure 5.1 shows the application of +the optimization
strategies discussed 1n Section 5.2 to the Design Levels of
Projects 1 and 2. In Level II and the geometry sizing portion
of Level III, the entire configquration wi1ill be optimized.
Hathematical programming (direct) techniques will be used as the
main optimization tool and will be supplemented by trade-off
studies to explore the neighborhood of a locally optimal
solution. The purpose of trade-off studies 1s to identify a
range of designs 1in this neighborhood anrd determine their
sensitivity to changes of the design variables and problem
formulation {performance requirements and objectives).

Figure 5.2 relates configuration optimization to the detail
design networks for Projects 1 and 2. ¥In Level II, the process
of finding the most desirable design criteria and mission will
be aided by determining an optirmum configuration. This waill
provide reasonably optimistic performance data for the marketaing
analysis. In the first part of Level III (Confiquration
S1zing), the configuration optimization will benefit both from
a2 more thoroughly defined configuration and from a more exact
performance analysis. The latter is important in that the Level
11 approximations in performance methods can result in
underestimation of vehicle capabilities.

Figure 5.3 shows the type of information required for a
configuration optimization problen. The configuration
arrangement is given first. The basic geometry, for example,
the nuamber and location of engines, or the wing technology, is
selected and defines the class of configuration being optimized.
The objective function £(x), which will be the measure of the
optimization process, 1s selected. This may be a single
varrable, for example, direct operating cost or airline profaits.
There may also be several other partial objectives to be
optimized, 1n which case one of them i1s selected as a principal
objective function, and others are constrained (added to the set
of constraints) .-

The design variables which are automatically adjusted by
the optimization driver are selected, for example, wing area and
wing aspect ratio. Variations in these design parameters will
control the configuration sizing as an optimum 1s sought.
Lastly, the constraints and requirements bounding the range of
the solutions are given. These may be expressed as either
equality or inequality constraints. Examples would be airplane
range and field length. The final formal defirition of the
configuration optimization will be based on problem (5.6}.
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| PAD.

DESIEN LEVEL APPLICATION STRATEGY
R DESIGN MISSION CONFIGURAT | ON ® DIRECT (EXPLICIT)
SELECTIGN OPTIMIZATION

. ® TRADE-OFF STUDIES
(Given Arrangement)

It GEOMETRY CONF1GURATION ® DIRECT (EXPLICIT)

SIZING OPTIMIZATION,

° -
(Given Arrangement) TRADE-OFF STUDIES,

STRUCTURE ® DIRECT (EXPLICIT)

SIZING SUBOPTIMIZATION ® TRADE-OFF STUDIES
© SEQUENTIAL MODEL REFINING

Y CONFIGURATION ® DIRECT (EXPLICIT)

REFINEMENT SUBOPTIMIZATION TRADE~OFF STUDIES
@ SEQUENTIAL MODEL REFINING

v CONF I GURATION ® DIRECT (EXPLICIT)

VERIFICATION SUBOPTIMIZATION © TRADE-GFF STUDIES
® SEQUENTIAL WODEL REFINING

Vi PRODUCT DETAIL ® [DIRECT (EXPLICIT)
DESIGN SUBOPTIMIZATION TRADE OFF STUDIES
®  SEQUENTIAL MODEL REFINING

Figure 5.1 Optimization Strategy- Project | and Project 2
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LEVEL 11 LEVEL 111
— ——
DESIGN MISSION CONF | GURATON
SELECTION SIZING
CONFI GURAT ION
I1—1 THRU |1~ 4 UPT;g;E?EéUN 1} -1
I s’ 2N N S—
f-ll—-s : {- 11-2
| I
® CONFIGURE AIRFRAME AND/OR CALCULATE GEOMETRY
|
] ENGINE FAMILY (PARAMETRIC) |
| ]
| | ® COMPUTE PERFORMANCE & | | 11=3 THRU 1108
| DESIGN TRADE DATA | =
I | }
| | DESIGN
} | CRITERIA
| l I MET 7
|
——— ) e -
16 THRU 118 I1}—11 THRU [1i—25 (PROJECT 1)
f11—11 THRU [11—35 (PROJECT 2)

Fiqure 5.2 Configuration Optimization-Project | and Project 2
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GIVEN GONFIGURATION ARRANGEMENT
® PBASIC GEOMETRY SELECTED
¢ NUMBER AND LOCAT!ON OF ENGINES
o WING TECHNOLOGY
o ETC.

CHOOSE OBJECTIVE FUNCT{GN

® (KIN) DIRECT OPERATING COST OR .
(MAX) PAYLOAD TO MAX. GROSS WEIGHT RATIO

SELECT DESIGN VARIABLES
® WiING AREA
® ¥ING ASPECT RATIO
® ETC.

INDICATE EQUALITY AND INEQUALITY EONSTRAINTS (PERFORMANGCE
REQUIREMENTS)

® RANGE
® FIELD LENGTH
e ETC.

Figure 5.3 Example - Configuration Optimization




5.3.2 Suboptimization

Beginning with the second part of Level III, optimization
will be applied within separate technical disciplines and sub-
disciplines. It 1s therefore defined as suboptamization, which
w1ll use direct optimization methods, trade-off studies, and
techniques of sequential meodel refaining. Typical examples of

the suboptimization problems in the design process are:

1. Optimization of engine performance - the specific fuel
consumption is optimized for gaiven flight conditions.

2. Optimization of wing structures - weight or drag aad
welght under the stress, natural frequency and
gecmetric limitations are ninimized.

3. Optimization of stability and control - a control
vector 1s searched such that the performance index is
minimized.

i, Optimization of flutter prevention designs - the
structural weights and fixed weights which are added
to the structure 1in order to obtain a desirable
flutter performance are minimized. Principal design
variables are rescaling factors of the structaral
sti1ffness and corresponding structural weights.
Constraints of the problem include the configuration
limitations and the specified flutter speed.

The results of suboptimization within discaiplines and
subdisciplines are coordinated and synthesized +to yield an
optimal (or nearly optimal} solutaon for each major design unit,
An example might be +the wing design which i1nvolves several
disciplines such as aerodynamics, structures and welghts,
stabilaty and control, and flutter analysis (see Fig. 5.4). The
basic idea behind the concept of suboptimization is to decompose
design problems which are too large to be solved imn ore place.
The decomposition of this type results in:

1. Reduction of the complexity of analysis and related
optimization problem,

2. Separation of objective functions and desagn variables
into smaller groups within one discipline or sub-
discipline.

Furthermore, the formulation of a major design unit such as
a wing can be considered as a suboptimization problem related to
the design of an entire airplane. Thus, the airplane design can
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Figure 5.4 Suboptimization Concept (Decomposition and Multilevel Optimization)
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be viewed as a pyramid-structured multilevel analysis and
optimization process.

From the preliminary design viewpoint the highest 1in the
hierarchy 18 the configuration optimization problem where the
major decisions defining an airplane are made. Results of this
optimization are inputs to the lower level suboptimization
problems whose outputs in turn define in more detail the
subsystems and parts of the total design. This multilevel
top of the of the pyramid to +the bottom. ¥t is, however,
possible to have a looping effect, where a lover level
optimization causes the repetition of analysis and optimization
at higher levels.

5.4 OPTIMIZATION METHODS AND ALGORITHHS

As shown 1n Section 5.3 +the confiquration optamization
problem 1s formulated on the constrained optimization problen
and w1ll be solved by mnathematical programming methods. The
metheods should be able to use initial feasible or nearly
feasible solutions and to obey the regquirement constraints in
the form of inequalities.

If the most accurate models defaining the objective
function, constraints, and variables were used for the
optimization process, thern the «cost of an optimized solution
might be so large as to restrict its effective use. To brang
the costs into acceptable range three techniques will be used:

1. Method simplification, where coding changes are nade
to saimplify the operational modules which define the
functions involved in optimization,

2. Model saimplification, where the solution wmethods are
made faster by using the same method but reducing the
detail of the mathematical modelling,

3. Limit variable range, which nay allow coding
reductions by easing requirements on some of the
methods.

A1l three techniques may be used 1n a seguential manner,
i.e., may be applied to a sequence of problems 1n the order of
increasing level of technical detail. This appreoach implies
that special Technical Program Elements (TPE's) may be wratten
for the purpose of optimization, as opposed to the TPE's used in
the analysis mode. These TPE's will represent sinplified models
and methods used in the design process and will 1lead to

1 3
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efficient computations in the optimization mode. After the
optimization process is completed, a final check of the
computations w1ill be performed using the more detailed analysas
modules.,

The candidate mathematical programming methods for tne
configuration optamization should satisfy the followaing
reguiremants:

1. Use a small number of function evaluations in the
total optimization process (rapid convergence).

2. Accept non-optaimum but feasible initial configurataion.

3. Handle 1neguality constrarnts.

4. Distinguish between soft constraints (desirable
limitations) and hard constraints that @must be

satisfied by an optimal solution.

211 the existing optimization wmethods w111, 1n general,
yi1eld the position of one of the constrained local optima of the
objective function which may not be the global cptimum. It is
usually desirable to f£ind the global optimum as well as all the
local optima, at least those «close in value to the global
solution. The multiple solution provides +the designer with
different options of design within the framework of the model
and data being considered. The multiple optaimal scolutions can
pe obtained by repeated optimizations starting from different
initial designs.

It 1s unlikely that any single constrained optimization
method would’satisfy all these requirements. It 1is, therefore,
suggested that a package of optimization methods be used. Such
a package wiil include several methods, e.g., steepest descent,
varizable metric, evolutionary operation simplex, random jumping,
etc. An example of a combination program of this onature is
AES0F or GROPE (R=f. 1 and 2). Detailed descriptions of a wide
variety of methods that may be included as optimization
Techpical Program Elements for the IPAD system can be found in
Reference 3. These combination programs will also require other
methods related to the confiquration optimization and sub-
optimization problems; e.g., overdetermined syster of algebraic
equation solver which 15 used to find designs satisfying
constraints (feasible) but not necessarily optiral.
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5.5 SYSTEN IMPLICATIONS

The use of optimization imposes several requirements on the
IPAD system. The user waill have +to be able to specafy the
objective function, the constraints and the independent design
variables. The user will also specify the computational flow,
that is, the execution segquence of the modules that will provide
the optimizer Technical Program Elements with the required
information.

Having formulated the problem, the user will select the
methods or algorithms of optinization +to be used. Onrce the
program exXxecution has begun and the optimization ariver is
controlling the solution, the user will want to have
intermediate rasults reported. These may cause +the user to
interrupt the soletion, modify some of the initial information
and restart the optaimization process.

The requirements 1mposed by the use of optimization will be
accommodated by the IPAD capabilities ot 1) job comstruction and
2) interactive node of computing. 2 substarntial level of @man-
machine 1interaction can save a great deal of computation time
required for optimization. Users of IPAD wall have to learn how
to use IPAD's optimization capabalities, match their problen
with proper methods and interpret the resultis of optimization.
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6.0 TECHNICAL PROGRA#d ELEMENTS

6.1 BOEING TECHNICAL CODE SURVEY

A survey was conducted within Boeing to 1dentify the
technical code reguired to support the IPAD design networks of
section 4%.0. The timing and depth of this study did not permit
extending this technical c¢ode survey outside of Boeing. The
purpose of this survey was to adertify existing code suitable
for incorporation into IPAD and to identify the areas where
suitable code does not exist. A cataloy of 304 technical
glements denoted Technical Program Elements {TPE} were collected
by the team and are presented in Volume V.

v.2 STATUS OF TECHNICAL PROGRAL ELEMENTS

Appendix A of Volume VI 1lists a subset of the Voluwme V
catalog consisting of 65 TPE's which are recommended for initial
implementation rnto IPAD. Approximately 75% of this code sxists
at Boeing and it is assumed that similar code is available
elsevwhere, However, approximately 90% of this Boeing code has
been executed in an 1ntegrated design system and the data
interface has been developed between these programs. The Volume
¥Vl cost estimate for implementation of the phase 1 operating
podules {(0#'s) is based on 1ncorporation of these 65 TPE’'s.

The status of the entire Bo=ing TPE survey 1s presented 1in
seciton 2 of Voluame V. The status o each TPE has been
1dentifed 1n one of tharee categoriss: Category 1 {Code
avarlable) 1indicates that the TPE 1s 1in current use or has been
used. Category 2 {code under develcpment) indicates that a TPE
is bexing developed but is not yet operatiocnal. Category 3 (code
not started) 1indicates that a TPE is requirea for IPAD but is
not currently being developed at boeing. In addation, a fourth
category (cannot be coded) has been estimated. The fourth
category cannot be measured and represents an estimate of that
portion of the total man actaivities which cannot be brought into
the man-machine environment 1in the sense that supporting code

canonot be written £or these actaivities. For example, this
categqory 1includes Jjudgmental decisions, day-to-day verbal and
written communication, developrent testing, and sundry

activities which Tequire personal attention such as study,
research of library information and trade journals, travel, etc.

Figure 6.1 and 6.2 show the status of code identified for
the two projects studied. Project 1 15 4 subsonic commercial
transport and Project 2 is a supersonic commercial transport.
This status 1includes the code reguited for the preliminary
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Project I- Subsonic Commercial Transport
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design Levels II, III, IV and VvV and a few sampple cases are
included for the product levels. The wmeasure of the three
categories which can be coded is based on the number of cards of
source code vrequired and was extracted from Volume Ve
Therefore, +this TPE survey represents the status of Boelng
technical computer code for preliminary design as viewed by the
members of the IPAD team. It as further pointed out that this
TPE survey relates to that portion of the +total design effort
which should be brought into the man-machine environment and in
this sense relates primarily to the effort which identifies
design requlrements and sizing criteria. Detail design
activities such as the interactive design of frames, floorbeans,
system diagrams, wire diagrams, etc., are identified to a lesser
degree and much development work is underway in these areas.
However, there are many areas of detail design which generally
do not follow patterns and it would be difficult +to provide
supporting code. These areas 1nclude selection of i1tems such as
emergency equipment, special electronics items, color schemes,
standard equipment, mounting brackets, etc. Huch work is still
Tequired 1m the area of information retrieval to sapport a
selection process in the areas of standard items, standard
design practices, standard tooling information, standard parts
release, factory planning instructions, etc.
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7.0 CONCLUSIONS

It 15 concluded that product design in the aerospace field
can be organized into ¢ well-defined activaity, and that a
computing system can be specified which will allow the user
community to amprove the gualaty of the design and reduce the
cost of the manufactured product. Specific conclusions have
been arawn from the Task 1 work.

1. The design processes for products such as subsonic and
supersonic commercial transports can be characterized
by subdaviding +the design process 1nto manageable
levels or hierarchies of activity. These levels must
balance computing cost and taime with the reguaired
accuracy of the results thus allowing wanagecment the
control it necds to get cost-effective results at each
stage of the design. Design networks can be used to
plan design logic and the required computing sequence.

2. Host of tbhe tasks which requires calculated data can
be brought into the man-machine ¢nvironment. These
tasks will be done by individual users selectively
executing the appropriate code using data taken £ron
a carefully maintainsd data base. dlso, the
development of a design network for each product will
produce a catalog of the <xistaing and reqguired code
for that product.

3. The design networks aud the Management Information
Systew will provide the capabilaity to establish cost
targets and a process +to track and compare cost
information to the established cost targets. Since
the Technical Program Elements for each techhical
discipline Lkave 1increased computational reguiremonts
at =2ach successlve design network Level, the
comprtment +to procced to successive design Levels may
be controlled by manaqement to balance the degree of
technical risk with the Level of design for =ach
problem under iemvestigation.

g. Optimization will be applied throughout +the product
design proczss 10 1mprove the design solutions. The
optimization processes will range from entirely
automatic to entirely user—driven.

5. The required support of the design process can be
derived from design case studies. The IPAD Systenm
must support the user by mmzintairing the data base,
providing the user with the ability to assemble ana
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execute programrs Wwith ease, and giving management the
information and means for effectively contrelling the
design of the prodact. buring all. of the uaser
activity, the System must provide +the means of
preserving the integrity of both the Technical Progran
Element (technical code) and the data that is used,
and must establish continuity of the tasks in the user
commaonity over the +time 1t takes to do the tasks.
These requirements are presented in Volume III.

An i1mplementation goal can be given for the preferred
technical development of IPaD:

(a) Provide the code to do the preliminary design of
the product first, as this will have the greatest
effect on the performance of the product and will
support the development of the IPAD systenm,.

{b) Develop the interface hetween the detail design
and the manufacturing next, as this will produce
the greatest product cost reduction.

(c} Initiate development of some technical capability
at all lavels during the initial implementation
phase. Subsequent extension will 1ncorporate new
capabilities as they are developed.
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8.0 TUSER RECOMMENDATIONS FOR IHPLEMENTATION

8.1 PURPOSE

The purpose of user recommendations for 1implementation 1s
to i1dentify a brief concept which may provide guidance for an
initial plan and an 1nitial strategy for the development of the
IPAD technical capability. Subsequent extension during the long
term development is also considered.

8.2 INITIAL IMPLEMENTATION

T he i1nitial aimplementatzon of IPAD should provide a
suitable Dbalance between technical capability and system
capabiiity. There nmust be adequate Technical Program Elements
available to support tne development and check out of the IPAD
System software and to provide the minimum technical capability
which wi1ll permit an evaluation of of the IPAD concepts on sSome
meaningful design case studies.

8.2.1 Design_and Apalysis Capability

Broad user acceptance of IPAD should be enhanced if some
initial tecanical capability 1s developed for each level during
the 1initial implementation. The 1initial design and analysis
capability 'for IPAD should be 1limited to modification of
€x1sting code and to the development of new code 1n a few design
areas which are reguired to make +the initial IPAD a useful

design tool. This ainitial capability based primarily on .
existing code should establish an 1ncentive which will lead
tovward immediate incorporation of new code 1into IPAD. The

technical capability of all Levels can be expected to grow
rapidly provided a minimal useful capability exists at the
beginning for sach Level.

8.2.1.1 TCevelopment of Technical Capability

The initial implementation of the Project 1 subsonic class
of airplanes should include Levels I AND III of +the design
networks. This technical capability shouid be adeguate to
support the development and check out of the IPAD systen. It
will also provide a basis for calibration since 1t will be
possible to ralate the subsoric c¢lass of airplane to both
existing 1n-service airplanes and to studies which are
continually in progress for this class of airplane.
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The initial implementation of the Project 2 supersonic
class of airplanes should 1nclude Level IT and the geometry
sizing part of Level IIT of the design networks. This technical
capability would orient IPAD to future vehicles. This should
help demonstrate the value of the IPAD System for evaluation of
conplex design studies for which past experience is limited.

In addition, it 1s recommended that the interface with
manufacturing at Level VI be 1inatiated during the fairst
implementation., This interface will be similar for both Project
1 and Project 2 and should make IPAD complement Conmputer Aided
Manufacturing (CaM).

8.2.2 Technical Program LElements Needed

As a mainimum, the Technical Program Elements identified in
the Volume V¥ for Levels II and III of Project 1 and Llevel II and
the gecometry sizing part of Level III of Project 2 are regquired.
Also hegin development of +the Technical Program Elements to
support the Management Information System for all Levels and the
interactaive part design at Levels V and VI for both Projects.

8.2.3 Benefits of Initial Implementation

The banefits of the initial IPAD are expected to impact the
aerospace industry in thrse major ways.

8.2.3.1 Design Cycle Taime

The time to develop a configuration size matched to market
requirements should be greatly reduced. For example, the
integrated sizing analysis in Level IIT for a subsonic airplane
should only require about two and one half weeks compared to
approximately <e1ght weeks using standalone programs. Such
reduction in time will be accomplished by reducing the ainpuot
data requiremnents, through linking OM's using the facilities of
the IPAD System and by establishing a set of default variables
which do not routinely change for specific classes of problems.

8.2.3.2 Data Base

The data base management capabialities provided by the TIPAD
System should improve the communicatzon of technical data
between all disciplines. The development of a consistent data
base for ali-.design, analysis and evaluation activities would be
supported by this capability. The computational tasks of the
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desaign networks could be done with the proper data, and in a
timely manner as the correct data sets become available.

The IPAD System should also provide for integraity of the
data base. Sets of data should be protected from accidental or
malicious tampering. The Technical Program Elements that
calculate the values 1n the data sets should also be protected.
In addition, 1%t should be ©possible to trace the origin of a
questionable data set, and +to repeat the process of aits
generation.

3.2.3.3 MWanufacturang

fany present manufacturing facilitaies are highly
computerized. In addition, Computer aided Manufacturing (CAM)
Systems are 1n various stages of study, implementaticn, or are
presently ain use. The IPAD System should provide technaical
information at the 1nterface between design and manufacturing
which can be transferred directly to computing facilities that
support manufacturing.

Providaing manufacturaing with a more accurate product
technical defainition early 1n the manufacturing process should
reduce the number of changes required during manufacturing. The
reduction in manufacturaing changes and the improved
communications between engineering and wsanufacturing may provide
the greatest economic benefits frow IPAD.

8.3 LONG TERM DEVELOPMENT

The long ternm development of IPAD should proceed as an
orderly continuing process which is open ended. A development
plan should be established which identifies the required funding
and makes provision for implementation on advanced computing
systens.

8.3.1 Design and Apalysis Capability

The design and aralysis capability shoula be extended to
include the remaining Levels of each project. This extension
will likely be done with technology that 1s similar to today's
capability. In the future, however, the technical disciplines
in IPAD will tend more toward scilence and less toward art. The
models of the product will be based on more fundamental physical
laws than on c¢ompartmental empirical observations. For an
2xample, the energy being produced by the airframe as acoustic

™
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energy may be theoretically calculated for the entire geometry,
rather than being statistically predicted.

As the trend to nore scientific principles continues, some
of the present technical disciplines may disappear and new omnes
may come 1into existence. These changes cannot be predicted,
however, the IPAD System must support the charging nature of the
tasks associated with the design of the product.

8.3.2 Technical Program Elements Needed

As a minimum, a capability equivalent +to +the Technical
Program Elements in Volume V 1s recommended. Then, each
technical discipline will add Elements as thes state of the art
advances.

8.3.3 Benefit of Long Term Development

The benefits of long tecm development will include those of
short term aimplementation. But over =wne long term, these
benefits w1ll spread to more products and more technical
disciplines. This expansion Wlill cover a long time period, and
will expose the IPAD System to 1improvements not only in the
technical disciplines but in the host hardware that IPAD exists
on.

The requirsment that the IPAD System be adaptable and thus
long lived will give continuity to the evolution of technology.
Data banks developed with current techrologies will becone
valuavle bases for the development of technical advances. The
design processes contained an the short term IPAD developrent
will be able to advance as the state-of-the-art of the technical
disciplines advance. over the 1long +term, a long-lived IPAD
System will provide valuable continuity to the evolution of
products designed in the IPAD environment.
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