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"‘SUMMARY

The purpose of this study was to determine the feasibility ot an IPAD system, define
its operating philosophy and organization, and generate an IPAD system design
featuring the best approach identified during the study,

The study was divided in two phases encompassing eight tasks, An overall
study summary is reported in Volume I. The detailed resulis of Phase I (Tasks |
and 2) are reported in Volumes I to V. Volume VI includes the results of Phase 1T
(Tasks 3 to 8).

An evaluation of the design process, as viewed through the activities of vari
ous design and engineering diseiplines, was performed to segregate the basic
creative and evaluation procedures used in the design of an aircraft project.
Volumes II and IIT present the results of the svaluation, This effort yielded a
specific set of disciplinary functions required, and identified available automated
procedures that can be used in an IPAD system, It also identified a series of pro-
cedures presently carried out by hand and further developments that are needed to
automate these latter analyses and to conduct the whole design process in a more
efficient, cost-effective manner, By reviewing the participation of various diseip-
lines within a project design team, a usage philosophy was evolved whereby the user
--the engineer-~is the focal point of the IPAD concept. This concept involves two
major ingredients; an Engineering Capability consisting of a battery of Operational
Modules, and a Computer Software/Hardware Complex where that capability will
be installed and exercised, The engineering capability is modular and will be
tailored to the specific needs of the project team, while the computer complex could
be essentially the same for all teams, barring differences among computing sys-
tems,

The principal mode of operation is using interactive graphics equipment. The
system also includes less sophisticated interactive terminals as well as the eommon
batch mode operation. Details ¢an be found in Volumes I and IV.

A First Release Capability for IPAD is recommended consisting of engineer~
ing operating modules, computer systems software and required computer hard
ware and peripheral equipment. Details of this recommendation can be found in
Volume I, Section 2. 4.

This volume includes a series of Functional Flow Charts that were developed
to properly identify and record the degree of participation of the disciplines con-
sidered in this feasibility study and the type of data required in the design process.
A discussion of these charts is given in Volume II, Chapter 3.

xiii pRECEDING PAGE BLANK NOT FILMED



1 INTRODUCTION

The design of a new aerospace vehicle is presently a complex, long-term pro-
cess. At the onset, a set of objectives is identified in the areas of mission, weight,
performance, payload; range, ete., which are specified with a fairly good knowledge
"of the available design technology and constraints. 'The designer's goal is fo minimize
cost, while meeting basic project objectives. The designer possesses a fund of accumu-
lated experience and knowledge which he applies, with infuition, to the requirements
and constraints he has been given. The knowledge and experience of the designer are
more and more frequently being delegated to the computer; the intuition and imagin-
ation can never be. Some of the purposes of the IPAD feasibility study were to deter—
mine what sections of the design process are amensble to automation; how much moni-
toring must the automation have; how can the design process be efiectively organized;
and, most important, how can the management/designer/engineer team members re-
tain the visibility and control necessary to exercise their infuition and imagination in
the design process.

The introduction of automation is a significant change in the design process;
however, the important management aspects of this change are not only related to
the technical details of engineering disciplines, programming, data bases, etec., but
the key to success also depends upon managing the adaptatmn required of the peOpIe
involved in the use of the automated process.

Automation of any process requires not only a thorough knowledge of the process,
but of the pivotal factors that drive and control it. When the process involves the
myriad details of project team data flow and-communications, many programs and
subroutines, thousands of variables, and the ramifications of computer operating
system characteristics, it is easy to lose sight of the fact that it is still the designer
- the engineer — who is the key driver and decision-maker in the process.

"Although the various volumes of this report describe some of the considerations
necessary for the technical basis needed to successfully automate the design process,
the underlying, guiding philosophy has been that of providing a tool adapted to the needs
of the members of a management/designer/engineer team--the ultimate users~-and
thaf isa truly useful tool. The acknowledged.principle has been that the engineer and
his management are generally more interested in solving the design problem than in
becoming a better communicator with the computer,

The scope of the total IPAD feasibility study is illustrated in Figure 1-1. The
study was d1v1ded intoithe following eight tasks within two study phases:
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PHASE I

STUDY PLAN COORDINATION
TASK 1 - CHARACTERIZATION OF IPAD SYSTEM
Define an IPAD Engineering Ugsage Philosophy
Identify Feasible Automated Design Procedures
Evaluate Adequacy of Existing Computer Programs
Recommend Areas for Further Development
Determine IPAD Feasibility and Applicahility
Recommend IPAD's First Release Engineering Capability
TASK 2 - DESIGN OF IPAD SYSTEM
Define a Systems Operating Philosophy
Evaluate System Design Options
Identify Elements of IPAD's Utility Library
Investigate Organization and Management of Data Bank
Determine Number and Type of Input/Output Terminals
Determine Host Computer Complex Configurations Adequate for
IPAD

Recommend IPAD's First Release Computer System Capability -

PHASE II

TASK 3 - IPAD IMPLEMENTATION SCHEDULE

TASK 4 - IPAD SYSTEM DEVELOPMENT COST

TASK 5 - IPAD SYSTEM OPERATIONAL COST

TASK 6 - TPAD SYSTEM BENEFIT ASSESSMENT

TASK 7 - IPAD IMPACT ON COMPANY ORGANIZATION
TASK 8 - TPAD SPIN-OFF ASSESSMENT

Figure 1-2 summarizes the main features of an IPAD system as presently
conceived and described elsewhere in this report.

ORIGINAL PAGE 18
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IPAD 15:

o AN INTEGRATED SYSTEM 'OF AUTOMATED MODULES.

EACH DISCIPLINE 1S RESPONSIBLE FOR ITS OWN CAPABILITY DEVELOPMENT,
UPDATE & GROWTH

® A USER-ORIENTED & DIRECTED MODULAR SYSTEM WITH FLEXIBILITY FOR CHANGE,
ADAPTATION & EXPANSION

e A HARDWARE/SOFTWARE COMPUTER SYSTEM DESIGN APPROACH

TO PERFORM ENGINEERING DESIGN PROCESSES MORE EFFECTIVELY,
ECONOMICALLY & SWIFTLY

® A COMPUTER SYSTEM STRUCTURE )
USABLE IN MANY ENGINEERING & SCIENTIFIC FIELDS

o TS DATA BANK IS THE REPOSITORY FOR ALL DESCRIPTIVE & INFORMATIVE DATA
GENERATED BY THE ENGINEERING/SCIENTIFIC TEAM FOR A SPECIFIC PROJECT

& A MANAGEMENT TOOL .
TO PROVIDE IMMEDIATE VISIBILITY INTO PRODUCT STATUS & PROGRESS

¢ INITIALLY, A REASONABLE ENGINEERING CAPABILITY {(SET OF AUTOMATED
MODULES) MOUNTED ON A STATE OF THE ART HARDWARE/SOFTWARE STRUCTURE
THAT CAN BE.READILY IMPLEMENTED

S ULTIMATELY, A COMPREHENSIVE, DYNAMIC ENGINEERING TCOL SUPPORTED BY
EFFICIENT, COST-EFFECTIVE HARDWARE/SOFTWARE CAPABILITY

e AN EDUCATIONAL AID FOR TRAINING NEW ENGINEERS IN THE USE OF VARIOUS
DESIGN PROCESSES

IPAD 1S NOT:

e A SINGLE, HARDWIRED COMPUTER PROGRAM

* AN AUTOMATED, SINGLE-PURPOSE PROCEDURE

@ A DISLOCATED ARRAY OF RANDOMLY COLLECTED COMPUTER PROGRAMS
¢ A SYSTEM OF PROGRAMS TO BE RUN BY A SINGLE DISCIPLINE

eA 'SYSTEM OF PROGRAMS IMPOSED BY AN AGENCY (OR COMPANY) ON THE
AEROSPACE INDUSTRY COMMUNITY

Figure 1-2. Major IPAD Features
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2 THE IPAD SYSTEM DESIGN. OBJECTIVES

The overall goal of IPAD is the automation of appropriate sections of the design
process to shorten design time, reduce cost, and improve the ultimate product.

The objectives of the present study were to:

Develop IPAD's Operational Philosophy

Establish Extent of IPAD Support of the Degign Process
Investigate System Organizational Options

Determine the Feasibility of an IPAD System

Generate an IPAD System Design

Recommend IPAD's First Release Capability

A series of studies were performed in pursuit of these objectives including the

Design Process

a.

- /‘
-~

d.

e

£,

Chararacterize the design process dividing it in various design phases,
and segregate the basic functions performed by several representative
design/engineering disciplines in each phase.

_ Identify the 1nterdlsc,1p11nary data flow for manual/automated pro-

cedures and man—m&chme interfaces occurring in the design process

'Evaluate the adequacy of existing computer programs and operatlng

modules for use in IPAD.
Define an IPAD usaggi.phiIOSOphy from the engineering usex point of view.
Identify optimization féchniques to be included within an IPAD system.

Recommend IPAD's first release engineering capability.

Cgmputer System,

T,

ﬁ_‘;
b.

"Define the system operatlng philosophy and evaluate system design options.

Investigate the orgamz atlon and management of the Data Bank.

c. - Identify and déscribe the software elements of a Utility Library for IPAD.

d.

e.

£,

Determine the number and type of Input/Output Terminals.

Determine host Computer Hardware/Software Complex configurations
adequate for IPAD.

Evaluate language and_‘?égize limitations of existing operational modules.

g. _"",Rec':-ommend IPAD's first release computer system capability.

ORIGINAL PAGE IS
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3 DESIGN PROCESS FLOW CHARTS
This section presents flow charts of the design process for aireraft and of

pertinent Creative/Evaluation Processes as discussed in Volume I, Chapter 3 of
this repoxt.
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g MACHINE-PLOTTED GRAPHS t  WRITTEN TEXT, MEMOS
G HAND-MADE GRAPHS T HAND-WRITTEN TABLES

Figure 3-3. Fu-nctiona,l CEP Flow Chart Form
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CHECK CROSS SECTS |«

AGAINST AREA CURVE,
REVISE AS REQUIRED

CONTINUE LAYOUT ADDING OR
REVISING EXTERNAL LINES
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DEFINE FUEL TANKS
CHECK VOLUME - REVISE
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TAILS »| CONFIGURATION LAYOUT > WT, BUILD-UP »| BALANCE —l
S 4 '
— __ IszEawp CONFGURE . __ _ _ _\ . __ CONCEPTUALDESIGN
|_LANDING GEAR 4 _ . - PRELIMINARY DESIGN |
1

UPDATE STRUCT.
AND SYSTEMS WEIGHTS

v

CHECK WETTED SURF, AREA

4

b 4 A

ESTIMATE LIFT/DRAG
CHARACTERISTICS

| 3

!
l

REVISE AS NECESSARY
4

MAKE FORMAL DRAWINGS
* 3-\VIEW

.. | #INTERNAL ARRANGEMENT [*
* LINES

CHECK PERFORMANCE |«

v

CHECK BALANCE AND REVISE

CONFIG, AS NECESSARY B

Y
SECOND PASS LAYOUT

F 3

ADJUST WING AREA,
FUEL VOLUME, ENGINE
SIZE, ETC, TO NEW

I-

'éTABILITY AND CONTROL ANALYSIS -
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POINT FOR STABILITY

UPDATE WEIGHTS
CHECK BALANCE

REVISE LIFT
AND DRAG

ESTIMATES

h 4

'UPD_ATE PERFORMANCE |+

" Figure 3-4. Configuration Design Process



TABLE 3-1. CONFIGURATION DESIGN CEP'S AND COMPUTER PROGRAMS

TASKS

Develop Layouts of Concepts and Basic Design Data
Parametric Evaluation of Configuration Concept
Initial Configuration Layout s
Perform Risk Assessment
Develop Layouts for Trade Studies
Selected Confignration Layouts
Perform Configuration Control Studies
_hPr'c:)viQe Concept Configuration Description
¥ Final Configuration Control Studies
Configuration Design Studies

COMPUTER PROGRAMS

Wings, Tails, Airfoil Surfaces:

Various lines programs for fixed and variable sweep

wings, fixed and all movable tails, canards, ete.

Input: Area, aspect ratio, taper ratio, sweep, airfoil

ordinates, cainber ordinates, fwist, pivot pin location

and angle.

Output: Planview and front of surface element lines,

section cuts through surface spanwise, chordwise, or at

any skewed angle, print out of cross-sectional area and
" surface arc length or wetted surface areas.

Control Surfaces & High Lift Devices

Input: Planview and front view location of hinge lines,
shape dimensions and ordinates of surfaces such as

tiom O movement. ,

Output: Planview, front view, and cross section cuts
through the surfaces af prescribed rotated or franslated
conditio}l}_g.

17,
g e 3

Design Phase

CEP
C { PD} DD
CDI1 | x
Ch2 | x
CD3 | x
CDh4 | x
CD5 | x
CDhé6 | x
CD1T X
CD3 X
CD9 X
CD1j§ x X
X b:¢
b4 X

15




TABLE 3-1. CONFIGURATION DESIGN CEP'S AND COMPUTER PROGRAMS (CONT'D)

T Design Phase -
CEP
COMPUTER PROGBAMS C PD} DD

Fuselages, Nacelles, Bodies, etfc. b X

Various programs to describe the surface lines with real
or pseudo polyconic surface description,

Input: Bay starf and end stations, points and slopes for
the control lines (five for each polyconic surface), points
and slopes for the cross section area curve (if the area

" curve is to control the shape), station to be cut.

Output: Planview and side view of all control lines and
erogs section cuts at preseribed stations, print-out of
all surface ordinates, cross section area and arc-leagths
or wetted surface area,

Inlets and Ducts b X

Tnput: Inlet throat shape and size, engine compressor
face diameter, center line of duct, and flow cross
sectional area distribution from throat o compressor
face. ’

Output: Duct lines, planview, side view and cross sec-
tion cuts at prescribed stations, cross-sectional area
distribution, arc lengths or wetted duct surface area,
and print-out of all point coordinates.

16
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DISCIPLINE: CONFIGURATION DESIGN’
CONCEPTUAL DESIGN PHASE
DISCIPLINE | - DISCIPLINE
ORIGINATING | INPUT DATA | EVALUATION PROCESS: CD1 | OUTPUT DATA | RECEIVING
INPUT DATA - DATA
I\ CONFIG.
_T|mISSioN DES. CD-2
CUSTOMER [N PERFORMANCE 4 =
PAYLOAD DEVELOP LAYOUT OF CON- : -)IWEIGHTS
CEPT TO (1) TEST FEASIBIL" |
1|OPERATION ITY OF THE PHYSICAL GEOMETRIC | WAERO
OPS ' [l {/ARRANGEMENT (2) DECIDE
N DATA ENVI- =) —HDESCRIPTIVE
RESEARCH RONMENT DATAI |TO PROCEED OR NOT AND  [1] 5427 5
(3} IF TO PROCEED, DEVELOP D’{PERF
-] T[APPROX G W. || [prve e D FOR
S & || PERF ENWING ACA '
S T STAB &
TE WT. RATIO | Y CoNTROL
SIS ENGINE SIZE |
312
= LY PROPULSION

Figure 3-5. Concepi Layout and Basic Design Data Development
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DISCIPLINE: CONFIGURATION DESIGN
CONCEPTUAL DESIGN PHASE

DISCIPLINE | 1 DISCIPLINE
ORIGINATING | INPUT DATA | EVALUATION PROCESS: CD2 | OUTPUT DATA | RECEIVING
INPUT DATA DATA
G.1 "
PERFORMANCE - PARAMETRIC EVALUATION - PERFORMANCE
C.1 DEVELOP PARTIAL OR COM-
PLETE LAYOUTS AS REQ'D D T
A ,T BIAERO
ERO TO DETERMINE IMPACT
G 1 Il [PARAMETRIC i GEOMETRIC -
=1l |VARIATION OF PARAMETRIC VARIA DESCRIPTIVE
| IWEIGHTS m TIONS ON CONFIGURATION WE IGHTS
POINTS & CONCEPT DATA OF
L]l |LimITS 1 ESTABLISH FEASIBLE -}mm{‘rﬁg“l\fsc
PROPULSION VARIATION LIMITS & LIMITS PROPULSION
' T 2 DEVELOP GEOMETRIC |||1-"varin.
DATA FOR ANALYSIS Ic
STAB STAB &
CONTR%L OF EACH VARIATION || LLIONS CONTROL
- . .
CONFIG. LylPREVIOUS {1
DESIGN LAYOQUTS

Figure 3-6. Parametric Configuration Concept Evaluation,
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DISCIPLINE: CONFIGURATION DESIGN
CONCEPTUAL DESIGN PHASE
DISCIPLINE | DISCIPLINE
ORIGINATING| INPUT DATA EVALUATION PROCESS: CD3 | OUTPUT DATA | RECEIVING
'INPUT DATA DATA
G, T |[GROSS WT. HAERO
PERFORM- | 1| WING AREA =1
{ANCE. || WEIGHT RATIO || [DEVELOP LAYOUT 70 TEST AWEIGHTS
ENGINE SIZE FEASIBILITY OF SELECTED t I STAB & CONT
G, T {[ X SECT AREA CONFIGURATION. DEVELOP| | | GEOMETRIC
AERD N DIST, WING |y INTERIOR ARRANGEMENT ) DEscRripTiveL{MPERF:
. AIRFOIL & SWEEP| [{INBD PROFILE) TO TEST DATA ¥ PROPULSION
. T | —zom— | |FEASIBILITY OF INTERNAL D ¥
PROP UL- _,J ENCINE CEOM | JARRANGEMENT & T0 It INTERTOR | NSTRUCT. DES
|ISION N | #PORTRAY THAT ARRANGE- ARRANGEMENTHN STRUCT. ANAL
SHAPE NOZ. GEOM | meNT FOR POTENTIAL DRAWING i '
T, |[TAIL SIZING PROPOSAL. DEVELOP ' p MSYST. DES.
STAB & DATA & MOVE- |1 JFORMAL 3-VIEW DRAW- - |
Cont  [fImentLimits, [T]ING OF SELECTED CONFIG pHVIEW D‘WGD :ECONON"CS
CG LIMITS FOR POTENTIAL PROPOSAL. OPS. RES,
6.7 |TWEiGHTs DEVELOP EXTERNAL LINES [TNLINES DWG |
WEIGHTS 1)l B LAYOUT FOR ANALYSIS & HRELLA/MA INT
UILDUP & ¥
- ! | BALANCE DATA WIND TUNNEL AND/OR 'HWT MOD DES.
D DISPLAY MODELS
CONFIG PREVIOUS = MO D/MOCKUP
DES.

Figure 3-7. Initial Configuration Layout

IMRT & P-UBLIC].
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DISCIPLINE: CONFIGURATION DESIGN
CONCEPTUAL DESIGH PHASE

| .

DISCIPLINE

DISCIPLINE
ORIGINATING *  INPUT DATA - EVALUATION PROCESS: CD4 OUTPUT DATA |  RECEIVING
INPUT DATA PERFORM RISK ASSESSMENT ! DATA
. i
' - |
ASSESS THE RISK ON.COST, PERFORM- » SENSITIVITY 1
ANCE'WEIGHT, AND SCHEDULING AS~ STUDIES
— THREE VIEW SUMING THAT THE FOLLOWING 1S NOT :
CONCEPTUAL D7 | iNBOGARD PROFILE ACH|EVED | CONCEPTUAL
DESIGN "| PERFORMANCE ASSUMED LEVEL OF TECHNOLOGY DESIGN
ASSUMED LEVEL OF ENG, PER~ °

‘WEIGHT

FORMANCE
ASSUMED DESIGN FEATURES

v

SCHEDULING {T

CHANGES

"FigiFe 3-8, Risk Assésrnént’
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DISCIPLINE: CONFIGURATION DESIGN

CONCEPTUAL DESIGN P HASE

DISCIPLINE - DISCIPLINE
ORIGINATING| INPUT DATA | EVALUATION PROCESS: CD5- | OUTPUT DATA| RECEIVING
INPUT DATA . DATA
AERO ] G,T,D,tL LAYOUTS OF HAEROQ
WEIGHTS _ h {TRADE B s A TRWETGHTS

DATA DEVELOP LAYGUTS AS
STAB & CONT H I REQUIRED TO ASSESS THE DiSERIPTIVE NSTAB & CONT
. DAT
PERFORMANCE H IMPACT ON THE CONFIG.
OF THE VARIOUS TRADE L T - HPERFORMANCE
PROPULSION | STUDIES & DEVELOP :
REQUIRED DATA FOR ANY KPROP ULS 10N
STRUCT. DES. A ANALYSIS REQUIRED FOR VSTRUCT. DES,
S —ANALH THIS ASSESSMENT.
TRUCT. ANA UP DATE BASFLINE NSTRUCT. ANAL
SYST. DES.- H CONFIG DRAWINGS AS
. DECISIONS ARE MADE. HSYST. DES.
ECONOMICS | PROVIDE ALTERED LINES
5P RS [DRAWINGS AS NECESSARY FECONOMICS
RELIA/MAINT H [MODELS/ T LINES & INT. —
MODIMOCKUP _BN\OCKUPS 'ARR. DWGS. |WRELIA/MAINT
—___In[PREVIOUS S

CONFIG DES.. '—’IDWGS & DATA __—wl MOD/MOCKUP

Figure 3-9. Trade Study Layouts




ge .

“‘DISCIPLlNE: CONFIGURATION DESIGN
CONCEPTUAL DESIGN PHASE

DISCIPLINE DISCIPLINE
ORIGINATING | INPUT DATA | EVALUATION PROCESS: CD6 | OUTPUT DATA | RECEIVING
INPUT DATA ‘ DATA
AERO 1 DEVELOP LAYOUT T0 TEST | | LD IAFRO
| GLDLL FEASIBILITY OF SELECTED | | GEOMETRIC | N

LGHT NTRADE STUDY || | CONFIGURATION. ~ DEVELOP —H DESCRIPTIVEHWEIGHTS |
[STAB & coNT H|RESULTS INTERIOR ARRANGEMENT DATA ['_H STAB & CONT
—— (INBD PROFILE) TO TEST D1 "= 1
PERFORMANCEH FEASIBILITY OF INTERNAL ) INTERIOR | - PERFORMANCE
PROPULSION H ARRANGEMENT & TO h ARRANGEMEN Ty SR opuLS TN

S —— PORTRAY THAT ARRANGE- RAWING ,

STRUCT. DES. | MENT FOR POTENTIAL PRO- D ) STRUCT. DES

e POSAL. DEVELOP FORMAL 3 VIEW DWGH o —
STRUCT. ANALH H{ STRUCT. ANA
SYST. DES. F gc\{éEDchﬁmlNgog FPS%I;P — =~ :: SYST. DES :
— TIAL PROPOSAL. DEVELOP [THLLINES DWG =22 ==
ECONOMICS EXTERNAL LINES DRAWING HLECONOMICS
OPS. RES. | FOR ANALYSIS AND WIND -} OPS. RES.

— TUNNEL AND/OR DISPLAY e

RELIA/MAINT D MODELS & MOCKUPS —”RE-UA/N\A!NT
MOD/MOCKUP - MODELS] T - MODIMOCKUP'
| ) ’:‘;’ECV'?(J)ESS | LY WT MOD DES,

NFIG DES. H , ' » -
CONFIG D T’fowcs & DATA ~ ) ART & PUBLIC!
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DISCIPLINE: CONFIGURATION DESIGN
PRELIMINARY DESIGN PHASE
DISCIPLINE EVALUATION PROCESS: CD7 DISCIPLINE
ORIGINATING | INPUT DATA | (vc o o conTroL | OUTPUT DATA | RECEIVING
INPUT DATA TG DATA
CONFIG D PREVIOUS DEVELOP LAYOUTS TO TEST || [COMPONENT F=WEIGHTS
DESIGN _ [ILAYOUTS 'y SUGGESTED CONFIGURATION WS, 06, || o |
& DWGS ALTERATIONS & GENERATE FUEL VOL. -‘blPERFORMANCE
STRUCT. DES. DATA FOR ANALYSIS. D.T
- ] PROVIDE SUPPLEMENTARY DIMENS ION- _’STAB &
PROP. DES. LINES DATA TO SUPPORT  [LylAL DATA - K '|CONTROL
MECHANICAL i G,D, Tt DESIGN STUDIES A;\JD SHAPE ETC. _' PROPULSION
SYST. DES. DIMENSTON=| | WIND TUNNEL TESTS.
AL DATA MAINTAIN UPDATED EX- nPIRELIA/N\AINT
AVIONICS %POWER REQ'DL TERNAL LINES DRAWINGS
INSTL. & INTERNAL ARRANGEMENT H[SURVIV
e ETLEARANCES’ DRAWINGS TO PROVIDE Y ToGTSTICS
svsT pes |1 ' A CENTRAL SOURCE OF
SR CONFIGURATION CONTROL 4[ECONOMICS
HUMAN DURING DESIGN TRADE D -
! - S " DES.
FACTORS STUDIES TERNAL = STRUCT. DES
G | _ ) ARRANGE- - SYS. DES.
1| |AERODYNAMIC MENT DWGS FODMOCKUPS
MOD/MOCKUPSY| [ASSOCIATED || — Du
' D [DIMENS IONAL WIND TUNNEL
WIND TUNNEL | MLINES DWG L
MODELS "I’DATA -I-)MODELS,

Figure 3-11,

Configuration Control Studies
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DISCIPLINE

CONFIGURATION DESIGN

PRELIMINARY DESIGN PHASE

DISCIP LINE EVALUATION PROCESS: C DISCIPLINE
_ ORIGINATING | INPUTDATA | ovcisipation DEnggﬁ on| OUTPUT DATA|  RECEIVING
INPUT DATA DATA
CONFIG - | ISTRUCTURAL
DATA GEOMET’; |T(':D] ANALYSIS
PROVIDE UP -TO-DATE =
STRUCTORAL 3-VIEW, INTERNAL *DESCRIPTIVE SEE‘IJ&E”RAL
DES IGN . ARRANGEMENT, & DATA .
DETAILED EXTERNAL D {[AERO
SYSTEMS D,T,G,t LINES DWGS AND 1y INTERIOR ANALYSIS
S NECESSARY DESCRIPTIVE FHARR .
DES TGN [’EEV'OLSJS GEOMETRIC DATA FOR DRAWING | FMWEIGHTS
HOVAN | i SUBSEQUENT ANALYSES, - o | [STAR &
FACTORS —) STUDIES AND P OTENTIAL 3VIEW CONTROL
MODELS || PATA - DRAWING | W' PERFORMANCE
MOCKUPS | DI [PROPULSION
L [LINES DWG H | anatysis
WIND TUNNEL :
MODELS SIGNATURE
HANALYSIS
ART &
|'5| PUBLICATIONS
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DISCIPLINE: CONFIGURATION DESIGN
PRELIMINARY DESIGN PHASE
DISCIPLINE ‘ e DISCIPLINE -
ORIGINATING | INPUT DATA E\(’)ﬁ‘ﬁg&of_\‘\‘ %ROEESNS' ng OUTPUT DATA | RECEIVING
INPUT DATA TION CONTROL DATA
CONFIG D[ PREVIOUS LAY~ LD [CONFIG
DES IGN THOUTS DWGS & H ForER ]| DESIGN
DIM. DATA DEVELOP LAYOUTS TO TEST NDESCRIPTIVEL
STRUCTURAL | SUGGESTED CONFIGURATION| [ 2 ) STR DESIGN
DESIGN DJAERODYNAMIC| | IALTERATIONS, SUPPORT
IREHNE- DATA | | IDESIGN STUDIES & TO D NSTR ANALYSIS
AERO ! GENERATE REQ'D DATA INTERNAL _"L 3
ANALYS!S - GTI BAL. DATA & | | [FOR ANALYSIS. MAINTAIN|[TARR DWGS []\JAERO
: CG LOCATION "NUP“IO-DATE 3-VIEW, a D [JANALYSIS
\éVEILgEESE & INTERNAL ARRANGEMENT & || &
CCLIMITS EXTERNAL LINES DWGS TO WG HYWE IGHTS
STAB & S17E & MOVE. | | [SOURCE OF CONFIGURATION STAB &
CONTROL [T CONTROL & FOR POTENTIAL | THLINES DW6 [oh oot
PERFORMANCERH FUEL REQ'D _H (P ROPOSAL ‘
GI H PERFORMANCE
PROPULSION [T, INLET & NOZZ |
ANALYSIS E" GEOMETRY ﬂiﬁif\lfﬁfs’,o’\'
!
S IGNATURE %GEOM- OF 4 VART &
ANALYSIS SUPP. DEVICES s +;
1 & TECHNIQUES | |P UBLICATIONS

—

Figure 3-13. Final Configuration Control

_
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DISCIPLINE: CONFIGURATION DESIGN
CONCEPTUAL AND PRELIMINARY DESIGN PHASES

DISCIPLINE DISCIPLINE
ORIGINATING - INPUT DATA ggﬁggggﬁﬁgg%ﬁIGCNDW OUTPUT DATA RECEIVING
INPUT DATA PATA
4,6 J—
o e ENTs T COMPOSE CONFIGURATION v WEIGHTS
PERFORMANCE | >
t] | s1ze INFo - . ¥
"l6.w., FUELvoL. [ DEVELOP INTERNAL ARRANGEMENT »| STABILITY
AND CONTROL
LAYOUT
.t | [ GEOMETRY INFO } R
AEROANALYSIS 1+  WING GEOM, -+ Y 7y *| AEROANALYSIS
, AREA CURVE CHECK FUEL VOLUME N < I
SUR N | 7
sTagiTy (8.t LI EOTRRNee T Y »| THERMODYNAMICS
AND CONTROL LIMITS ‘T- e BALANCE .
i ! —
| - ,
- | STRUCTURAL
o ENGINE DATA L ' DEVELOP EXTERNAL LINES -] | . ANALYSIS
THERMODYNAMIC Sfmt| INLET GEOM, Ly . ‘
- Gt EXHAUST GEOM. [T17] | | o
ECSREQMTS |, | DEVELOP WETTED SURFACE AREAS  |—4—» | STRUCTURAL
i ]! ' T '  DYNAMICS
N b COMPONENT WS - | | G '
. »| BALANCE DATA e |od DEVELOP CROSS-SECTIONAL AREA > oA :
NALYSIS |G/t 1| | ¢ G, LOCATIONS f—» T 220} MOoDEL DESIGN
D T D,T,d -
: Gt DEVELOP GERTAIN DIMENSIONAL DATA
ARMAMENT |3 : : y
! D,d
G - DEVELOP 3-VIEW DRAWING >
oPerATIONS || | |PAYLOAD DATA .
ANALYSIS . {01 TT|MISSION REQ'MTS v
. - - ) N Dd | ARTAND W
REP .
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TABLE 3-2. AERODYNAMICS CEP'S AND COMPUTER PROGRAMS

TASKS

Point design drag and 1ift analysis

Parametric trade studies

Trim drag analysis .

Low speed takeoff and landing aerodynamic analysis

Buffet analysis

Sonic boom analysis

Wave drag analysis and minimization

Detailed drag analysis of aircraft roughness and protuberances
Airframe-propulsion integration (inlet, diverter, nozzle)

Wind tunnel planning and test monitoring
Wind tunnel data analysis

Wing detailed design
High lift system design

Wing load analysis

External store load analysis
External surface load analysis
Wind tunnel load data reduction

Design Phase

CEP
C PD 1 DD
X X X
X X '
X X
X X X
X X
X X
X X X
X
X X
X X
X X
X X
x
X X
X
X
X X
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TABLE 3-2, AERODYNAMICS CEP'S AND COMPUTER PROGRAMS {(CONT'D)

COMPUTER PROGRAMS

P5401
SPADE

AA20
AeroModule

NASA -Carlson

NASA -Friedman

NASA-Carlson
NASA -Harris

Douglas—-Ceheci
and Smith

NASA -
Charmichael
Woodward

Wing Design

1 Design Phase

Combat Aircraft Synthesis Program
Conceptual design aireraft synthesis program
Computes geomelry, aerodynamics, weights
and performance,

Drag Calculation Procedure

Aerodynamic characteristics (lift, drag,
ete.) of aircraft either as perturbations of
known characteristics or as the result of
infernal methods, ‘

Determines supersonic pressure distribu-

tions and loads on wings or arbitrary plan-
form and warped surface or wing/body/tail
combinations.

Sonic boom propagation through a non-
homogenious atmosphere with considera-
tions of acceleration and maneuvering.

Far field, sonic boom calculations for
specific aireraft based on area rule and
lift distribution.

Calculates zero lift wave drag of arbitrary
aircraft and optimizes configuration for
minimum wave drag.

2-D axisymmetric laminar/turbulent
boundary layer parameters.

Superposition of singularities over finite
elements fo represent arbitrary 3-D wing-
body-tail combinations in subsonic and
supersonic flow,

Wing design and analysis including induced
drag, isobar mapping, and integrated pres—
sure drag, Uses linear superposition of
Charmichael or Woodward procedure re-
sults.

CEP

C | PD}-DD
X

X
X
bd X
X X
X b4
X X
X X
X X
X X
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TABLE 3-2. AERODYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D)

COMPUTER PROGRAMS

Douglas~-Gentry

Vortex Lattice

Distributed
Singularities

Non-Linear
Span Load

Powered Lift

- Hypersonic Arbitrary Body Program

Vortex lattice method to represent the
potential lifting flow about arbitrary,
multi-element, 3-D cambered surfaces.

2-D inviscid and viscous flow about multi-
element airfoils up to maximum lift,

Uses nonlinear section data to predict 3-D
characteristics of wings with high Iift

deviceg, An iterative procedure is used to
obtain the circulation along the lifting line.

Empirical prediction method for general-
ized powered-lift applications.

Design Phase

CEP
C | PD | DD
X X
X
X b4
X X
b4 X

29
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DISCIPLINE: AERODYNAMICS
CONCEPTUAL AND PRELIMINARY DESIGN PHASES (NO WIND TUNNEL DATA AVAlLABLE)

DISCIPLINE DISCIPLINE
EVALUATION PROCESS: AD1
ORIGINATING INPUT DATA : QUTPUT DATA RECEIVING
INPUT DATA POINT DESIGN LIFT AND DRAG ANALYSIS DATA
GEOMETRY MINIMUM DRAG BUILBD-UP UNTRIMMED
CONFIGURATION | WETTED AREAS |, R FRICTION AND FORM LiIFT CURVES
DESIGN PLAMFORMS v v WAVE AND DRAG
CROSS-SECTIONS > CAMBER POLARS

PERFORMANCE

e 4

PERFORMANCE

CONDITIONS,
MACH, ALT,,
SWEEP

!

DRAG DUE TO LIFT ANALYSIS
SUBSONIC/TRANSONIC/SUPERSONIC

VERSUS MACH
AND ALTITUDE

MACH CRITICAL

¥

LIFT VS, ANGLE OF ATTACK

v

SUMMARIZE LIFT/DRAG DATA -

TABULATE, PLOT

o

GENERATE NEW CORRELATION FACTORS

NOTE:
THIS DIAGRAM 15 SIMILAR FOR
" PARAMETRIC TRADE STUDIES.
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DISCIPLINE: AERODYNAMICS .
PRELIMINARY AND DETAILED DESIGN PHASES (WIND TUNNEL DATA AVAILABLE)

TVNIDIEO.

r

AIITVAD J00d J0
81 #9vd

NOTE:
THIS DIAGRAM IS SIMILAR FOR WIND
TUNNEL DATA ANALYSIS EXCEPT
THAT THE END RESULTS GO TOWARD
IMPROVED CORRELATIONS FOR THE
PREDICTION PROCEDURES AND/OR
SUGGESTED CHANGES IN THE CON~
FIGURATION DESIGN,

DISCIPLINE : DISCIPLINE
EVALUATION PROCESS: A02 :
ORIGINATING INPUT DATA : OUTPUT DATA RECEIVING
INPUT DATA POINT DESIGN LIFT AND DRAG ANALYSIS DATA
CONFIGURATION{D: Ti I GEOMETRY FRICTION AND FORM DRAG SCALED
DESIGN | FULL SCALE > »| FROM WIND TUNNEL TQ FULL SCALE LIFT CURVES
*_AND MODEL CONDITIONS A AND DRAG
g POLARS
MODEL 9.t | FORCE MODEL PREDICT DRAG DIFFERENCES MINIMUM DRAG
[, L,G
TEST 1 pATA BETWEEN MODEL AND ACTUAL » VERSUS MACH |~=t"s! PERFORMANCE
AIRPLANE AND ALTITUDE
! AH MACH CRITICAL
1 t,T || PERFORMANCE
PERFORMANCE *| conDITIONS | PLOT CORRECTED WIND TUNNEL DATA BUFFET LIMITS
I A TRIM DRAG
- ANALYZE DATA AND INTERPOLATE/
srasy 1c | |FLExiBLe Tam EXTRAPOLATE FOR POLAR SHAPE
AND EONTROL > DEFLECTIONS »|FACTOR, TRIM DATA,BUFFET CDMIN, |
REQUIRED LIFT CURVE SLOPES, DRAG INCRE-
MENTS, ETC. AN

Figure 3-16. Point Design Lift and Drag Analysis (With Wind Tunnel Data)
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DISCIPLINE: AERODYNAMICS
PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE DISCIPLINE
EVALUATION PROCESS: A03
ORIGINATING INPUT DATA - QUTPUT DATA RECEIVING
INPUT DATA WAVE DRAG ANALYSIS AND MINIMIZATION DATA .
— b 7| LOCATION OF LOAD DATA INTO WAVE-DRAG COM- ' AREAS TO ADD
CONFIGURATION |2 | COMPONENTS AND »| PUTER PROGRAM , RUN PROGRAM TO  emp| OR SUBTRACT |B] ICONFIGURATION
DESIGN" "| CROSS-SECTIONAL OBTAIN WAVE DRAG AT SELECTED | FUSELAGE "|DESIGN :
_ AREAS MACH NOS all] [vorume
v __.
PLOT NORMAL CROSS~SECTIONAL AREAS WAVE-DRAG
OBTAINED FROM WAVE-DRAG PROGRAM »| PART OF THE (Tl t oo oo e MANCE
AND COMPARE AGAINST AREA DISTRIBU- SUPERSONIC
TION OBTAINED FROM CONFIGURATION DRAG BUILD-UP
DESIGN GROUP ~

MODIFY
INPUT

RERUN
PROB. |4

h 4

BOBY
GEOMETRY
TO BE MODIFIED
TO REDUCE

MODIFY BODIES
YES{ USING DESIGN

MACH OPTIMUM =
AREA DISTRIBU--
TION AS A GUIBE |y

Firura .17 - Iavs Ninne Aunalueic ond Pntimivation .




DISCIPLINE: AERODYNAMICS

PRELIMINARY AND DETAILED DES!IGN PHASES

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA G D EROCE S A04 OUTPUT DATA RECEIVING
INPUT DATA 1 E DATA

CONFIGURATION
DESIGN

-1

WING PLANFORM

1 1 AND FUSELAGE

AREA DISTRIBU-
TION

h 4

USE FINITE ELEMENT LIFTING SURFACE
PROGRAM TO EVALUATE PLANE WING
AND SEVERAL PERTURBATIONS IN WING
TWIST AND CAMBER

¥

L 4

AEROELASTICITY
GROUP

T E¢

AEROELASTIC
DEFLLECTIONS

TRANSFER DATA (BY HAND) INTO THE
WING DESIGN OPTIMIZATION PROGRAMS,
DO TRADE STUDIES OF TWIST AND

"| CAMBER PERTURBATIONS TO CPTIMIZE

AERCDYNAMIC PARAMETERS SUCH AS
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TABLE 3-3. PERFORMANCE CEP'S AND COMPUTER PROGRAMS

TASKS

Concept Selection

Mission Performance Analyses

Acceleration

Climb

Cruise and Ipiter
Deceleration

Refuel
Combat
Descent

Mission Fuel Caleulation

Sizing and Parametric Trade Studies

Engine Eycle, number, size, location
Wing size, planform, section
Mission and payload

Subsystems

Materials and structural concepts

Flight Mechanics Simulations and Analyses

Landing and takeoff
Maneuverability

Alr-to-air combat
Terrain-following

Dynamic flight path optimization .

Ete.

Provide Summary Charts to Project Management,
Systems Analysis, and Customer

| COMPUTER PROGRAMS

SYNAC
555-1
MAPS
IMP

Large scale fighter aircraft synthesis program

Space shuttle flyback system synthesis program

Mission analysis and performance system
General aircraft mission integration program

. Design Phase

CEP
C PD } DD
X
PEO1L X X -X
PEO2 p:4 x I x
PEO3 b:4 XxX1x
X x | x
X x 1 =x
x 1 x1x
X x I x
PE04 p:4 x | x
. PEGS
X X
X X
X x§x
X X § x
X X
PEG6
X X1 X
x X { x
X 1x
X 1 x
X 1 x
PEOT X X X
X
X
X Fx
X | X

36




TABLE 3-3. PERFORMANCE CEP'S AND COMPUTER ‘PROGRAMS_ (CONT'D)

LWF Mission
Pi'ogram, Air
Vehicle Model
TRAP, ATF

Mission Prog.

TAPER, AC6
MACE
ATAC

GROPE
P5401
AA21
AA33
AA23
AA32
AA22
AA34

COMPUTER PROGRAMS (Continued)

Specialized mission integration programs for
lightweight fighter, B-1, ATT, and ATF

Takeoff and landing performance analysis
programs for military aircraft

Maneuverability, persistence, and conversion

- analysis for fighter aircraft

Air-to-air combat simulation program for
fighter and interceptor aircraft

Aireraft flight path Optixﬁization program
Combat Aireraft Synthesis Program
Takeoff Performance
Acceleration Performance
Climb Performance
- Cruise and Loiter Performance
Landing Performance
Aircraft Sizing Procedure

:j :",:L} \;
M ,l
N f‘| }‘( 3

| A .
-.‘!:’_’j;nrz", .

or
M|
f”-.sJ J“J;

v

Design Phase

CEP

Cc | PD] DD
x Ix
X | x
X {x
x | x
x | x
X x bx .
i

X

X
i

X

X

X
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Figure 3-21, Mission Performance Analyses
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TABLE 3-4. PROPULSION CEP'S AND COMPUTER PROGRAMS .

TASKS

*Choice of Propulsion System Size & Type

Propulsion System Analysis

(Inlet, Exhaust, Bleed, Power, Noise, IR)

Inlet Type and Location Selection

Specification of Forebody Design Constraints

Prediction of Flow-Field at Inlet Location

Inlet Size, Orientation, Aspect Ratio Selection

Inlet Compression Surface, Variable Geometry & Subsonic
Duct Design :

Inlet Lip, Sideplate, etc., Design

Inlet Boundary Layer Bleed and Bypass .Bystem Design

Inlet Blow-in Door (or Auxiliary Inlet) Design

Predict Inlet Drag and Pressure Recovery

Predict Boundary Layer Bleed and Bypass Rates

Inlet Control System Concept Design

Predict Pressures for Inlet Loads

Secondary Air System Internal Performance
Secondary Air System Design

Prediction of Distortion and/or Turbulence
Nozzle Installed Internal Performance
Nozzle Installed External Drag

Nozzle External Air Loads

Nozzle Selection

Engine Cycle Selection

Installed Engine Performance Prediction

Engine Control System Characteristics Selection
Predict Scaled Engine Physical Characteristics

Engine Transient Performance

Predict Engine IR and Radar Signatures

Noise Predictions

Estimate Bleed System Requirements
Estimate Power Exiraction Requirements
Predict Air Conditioning System Performance
Size Air Conditioning System

Establish Distribution System Requirements

1

CEP

- Design Phase

C

PD

DD

POl
P02

P05
P06
P06
P05
P05

P05
P05
P05
Po4
P04
P03
P04

P08
P08

P05
Pio
PiQ
P09
P09

Pi2
P11
P12
P12

P11l
Pli

JPI11

Pii
P11

T04
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T04

X
X

Mo oMM
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M

#

MM XM
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W
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TABLE 3-4. PROPULSION CEP'S AND COMPUTER PROGRAMS (CONT'D)

TASKS

Predict Performance of Anti-icing Systems

Size Anti-icing/De-icing Systems

Size Rain Clearing System and Show Performance

Size and Predict Performance of Engine Cooling System

Size and Predict Performance of Engine and Hydraulic Cooling
Size and Predict Performance of Generator and Drive Cooling
Size and Predict Performance of Structural Cooling

Size De-fog System and Show Performance
COMPUTER PROGRAMS

Propul’ Subroutine in Aero Synthesis Program

Epic Subroutine or Main to Generate Internal
Performance Losses

Inst Main or Subroutine to Correct for External Inst.
Losses

ATV Characteristic Solution of Rotationally

) Symmetric Flow Fields

AS5M Focused Isentropic Spike Design

AST Conical Flow Field

ABC Oblique Shocks at High Mach Number

SFT7-A Supersonic Flow Field & Boundary Layer Analysis

C76 Supersonic Internal Flow Analysis ‘

SL6 Two~-Dimensional Triple-Ramp Inlet Flow
Field Properties )

3YO Airbreathing Engine Cycle Analysis

Air Conditioning System Analysis
Heat Exchanger Analysis
External Supersonic Inlet Performance

ORIGINAL PAGE 15
OF POOR QU

Design Phase

CEP
"C PD |} DD

T02 X X §IX
T0Z X X
TO2 X
T03 X Ix
T03 X Ix
TO03 X I x
T03 X X Ix
TO02 X
PO1L | x

P02 X X
Po2 X X
Po7 X X
ot X X
POoT X X
PO7T X I x
PO X X
POT7 X X
PO7 x I x

1 P13 X

T04 -4 X tx
T03 X I x
P02 b4 b4

b1
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DISCIPLINE: PROPULSION

PRELIMINARY DESIGN AND DETAILEP DESIGN PHASES

DISCIPLINE . . DISCIPLINE'
ORIGINATING INPUT DATA - E‘é‘é‘aﬁg‘z:&" A‘?EOSQ}ESSTSE-MPOB OUTPUT DATA RECEIVING
INPUT DATA - DATA
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c DEFINE SECONDARY AIR SYSTEM
PERFORMANGE Fped| FLIGHT PROFILE bbr—tes! DESIGN . —»] INTERNAL DRAG Pobedi PROPULSION
SIZE INLETS, DUCTS AND EXITS
PO81,P032 P34

£CS AND OTHER o INLET TYPE ANDIX: 2 b hesian GROUP
PROPULSION |oteslCODING AIRFLOW > ! DIMENSIONS

REQUIREMENTS

DESIGN GROUP G

Po83

A 4

NACELLE

VENTILATION |
REQUIREMENT

0o 9004 J0
TYNIDIEO

RIrTV
g1 #OVd

Qe

SECONDARY AIR SYSTEM INTERNAL
PERFORMANCE

COMPUTE INTERNAL DRAG

Figure 3-40. Secondary Air System
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DISCIPLINE: PROPULSION |
PRELIMINARY DESIGN AND DETAILED DESIGN PHASES

DISCIPLINE . DISCIPLINE
ORIGINATING INPUT DATA EX%EETJSEDPSROCES& P09 OUTPUT DATA RECEIVING
INPUT DATA DATA

. POO1
PERFORMANCE » FLIGHT PROFILE > P91
i ~|NOZZLE LOABS NOZZLE :
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DISCIPLINE: PROPULSION
PRELIMINARY DESIGN AND DETAILED DESIGN PHASES
DISCIPLINE DISCIPLINE
EVALUATION PROCESS: P10
ORIGINATING INPUT DATA : OUTPUT DATA RECEIVING
INPUT DATA . NOZZLE SELECTION AND PERFORMANCE DATA
P0OL : _ . P10l
. FLIGHT PROFILE NOZZLE :
PERFORMANCE [S-»] AND MISSION | > »| CONFIGURATION, |2 »| DESIGN GROUP
REQUIREMENT DETERMINE NOZZLE INSTALLED LE. LINES
P125 INTERNAL PERFORMANCE FOR EACH
_ | [ENGINE opErATING] | [TYPE P02
PROPULSION » CONDITION AND > NOZZLE G
GEOMETRIC DATA H > INTERNAL » PROPULSION
' PERFORMANCE >
- T ' P103
g DETERMINE NOZZLE INSTALLED e —
: EXTERNAL DRAG FOR EACH TYPE |, o Exrernal 18— 1| AERODYNAMICS
1] DRAG :
NOZZLE SELECTION BASED ON A/C
PERFORMANCE LEVEL - .
INTERNAL PERF, FINALIZED
#EXTERNAL DRAG FINALIZED "

Figure 3-42, Nozzle Selection and Performance
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DISCIPLINE: PROPULSION
PRELIMINARY DESIGN AND DESIGN PHASES

DISCIPLINE . EVALUATION PROCESS: P11 | DISCIPLINE
ORIGINATING INPUT DATA INSTALLED ENGINE PERFORMANCE OUTPUT DATA RECEIVING
INPUT DATA PREDICTION : | DATA
P01 c :
: MISSION REQMTS ¥ P112
FLT PROFILE - - -
PERFORMANCE |—» »H-D1 | ENGINE MANUFACTURER'S UnIn- | || THRUST-WINUS= Ha| |
OPERATING STALLED ENGINE PERFORMANCE > _ DRAG »| PERFORMANCE
MODES FUEL FLOW RATE
P041,P042,P082 v P113
ol [INLET PERF. | AIRFLOW
»| PRESS. RECOVERY tl-to bl INSTALLED ENGINE PERFORMANCE BLEED PRESS, TEMP o
SPILLAGE DRAG , ‘[EXHAUST PRESS
: > ExﬁE:\jp P " »{ AEROTHERMO
P102,P103 , | o
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JG " " | PERFORMANCE SEC FLOW REQMT
> L
AEROTHERMO THRUST COEFF, THRUST-MINUS-DRAG ,
EXTERNAL DRAG FUEL FLOW
| BLEED PRESS & TEMP
G|} ENGINEBLEED || EXHAUST PRESS & TEMP Pll4
 REQUIREMENTS NOZZLE POSITION | EXHAUST NOISE |T]_
o117 , SECONDARY FLOW REQMTS *| CEVEL »| STRUCTURES
ENGINE POWER | SPFE%?I_USLSION SYSTEM TRAN- T
MECHANICAL T Lt Ex7RACTION |
DESIGN - NOISE TREATMENT | | |
P11l PHYSICAL DIMS, | |
‘ - c.D , WEIGHT AND C.G.lg'r ;
E‘ihﬁl\?\lilJNIEACTURER > EE%NEANK — ENGINE MANUFACTURER'S DATA »| BLEED PRESS D':: ggg:’GUN'-S'ON .
G . PHYSICAL DIMENSIONS AND TEMP '
IR AND RADAR SIGNATURES CASE TEMP
NOISE CHARACTERISTICS - ENGINE HEAT
WEIGHT AND C.G. REJECTION
ENG. CASE TEMPERATURE 5116
HEAT REJECTION * '
N gsgg’_gkﬁsmm al [FLiGHT conTrOL
" RESPONSE PIAND STABILITY
Ficure 2-43. Tnatallad Fneine Performance Prediection
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DISCIPLINE: PROPULSION
PRELIMINARY DESIGN PHASE

DISCIPLINE EVALUATION PROCESS: P12 DISCIPLINE
ORIGINATING INPUT DATA ENGINE CYCLE AND CONTROL CHARAC- OUTPUT DATA RECEIVING
INPUT DATA TERISTICS SELECTION DATA
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MISSION REQMTS ¥
PERFORMANCE T » ®FLT PROFILE olin ENGINE MANUFACTURER'S ENGINE FOR FACH
*OPERATING PERFORMANCE DECKS WHIGH VARY FULL-SCALE
MODES ¢ BYPASS RATIO PROPULSION
® OVERALL PRESSURE RATIO SYSTEM
P121,P041,P042 o FAN PRESSURE RATIO
al INLET PERFORMANCE ® TURBINE INLET TEMPERATURES
»| @PRESS, RECOVERY »}—» | ¢ AUGMENTATION P124
#SPILLAGE DRAG :
»| THRUST-MINUS- {G |
P102 "| DRAG FUEL FLOW »| PERFORMANCE
NOZZLE PERF. P125
lc *INTERNAL INSTALLED ENGINE PERFORMANCE * AIRFLOW
AEROTHERMO i»t—»  THRUST COEFF, |~ > * NOZZLE G
CEXTERNAL FOR EACH ENGINE CYCLE‘ A | *NozZZI PRESS, »| AEROTHERMO
DRAG v  NOZZLE POS,
P123 INSTALLED PROPULSION SYSTEM 0126 ‘
G ENGINE BLEED PERFORMANCE FOR EACH ENGINE f—p-
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CYCLE L ENGINE ScALING (& T/,
REQUIREMENTS A M SATA AND WEIGHT [PTTP{PERFORMANCE
P117,P122
»
ENGINE POWER P127 AR
ADV. DESIGN F—1»| EXTRACTION " T eneme 1,5 gg‘;’l"é"NCED
REQUIREMENTS "I DIMENSIONS > :

rIyNIDLE0

Va0 ¥
a1 @9V

" Figure 3-44, Engine Cycle and Control Chardcteristic Selection
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DISCIPLINE: PROPULSION

CONCEPTUAL DESIGN PHASE
DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS: P13 DUTPUT DATA RECEIVING
INPUT DATA AIRBREATHING ENGINE,CYCLE ANALYSIS ! ! DaTE
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PROPULSION | FLIGHT CONDITION HOOK UP CYCLE INSTALLED FLIGHT
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DISCIPLINE: THERMODYNAMICS
ALL DESIGN PHASES

DISCIPLINE . EVALUATION PROCESS: T02 DISCIPLINE
ORIGINATING INPUT DATA ADVERSE WEATHER SYSTEM - OUTPUT DATA RECEIVING
INPUT DATA ANALYSIS : DATA
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‘Flgure 3-46, Adverse Weather System Analysis
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DISCIPLINE: THERMODYNAMICS
ALL DESIGN PHASES :
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"DISCIPLINE: THERMODYNAMICS \ o
ALL DESIGN PHASES ' o
DISCIPLINE : - T Ny DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS:-T04 OUTPUT DATA RECEIVING
INPUT DATA AIR CONDITIONING DATA
T041 - T041
AVIONICS AND |T.G | . AIR CONDITIONING . {DISTRIBUTION G 1.
ELECTRICAL HEAT LOADS o> SYSTEM ANALYSIS T [cHaracTERISTICS DS ION GROUP
.+ POO1 To42 | .
6| [ mission SIZE, WEIGHT
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*  PROFILE
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™ CONDITIONS . : .
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Figlure 3-48, Air Conditioning



TABLE 3-6, MASS PROPERTIES CEP'S AND COMPUTER PROGRAMS

TASKS

Define configuration geometry

Estimate preliminary gross weight

Develop weight equations for specific configuration

Define weights in parametric terms

Develop weight/size versus fuel relationships

Estimate weights for point design

Develop mass properties characteristics and refine weights

Determine effect of trade studies on mass properties

Update weights, size, geometry, etc., to reflect effect of
trade studies

Minimi ze weight

Estimate detailed weights

Develop detailed balance and loading data

Detailed mass distribution and inertias

Weight penalties due to A/C features

Cost elements ;'i.‘ R

A

Weight substantiation "¢

COMPUTER PROGRAMS

P5525 Aircraft weight sizing

P5619 Aireraft inertia (MIPI)

P5619 Aireraft mass distribution

P5152 Ajreraft weight, C.G.., cost element tabulation
Parts count

CEP

Design Phase

C

PD

. DD

Wo1
W02
Wo03
W04

W05

W06
W07
w08
Wo9

W10
Wil
W12
Wwi3
Wwi4
W15
W16

MoW oM oM MM WK

MoM oM oMM MM MM

MoW oM oMM NN

Mo oMM

Mo M oM oM oM X
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DISCIPLINE: MASS PROPERTIES
CONCEPTUAL AND PRELIMINARY DESIGN PHASES

DISCIPLINE . : - DISCIPLINE
EVALUATION PROCESS: WOL
OGN IN INPUT DATA CONFIGURATION GEOMETRY DEFINITION OUTPUT DATA RECE|VING
DESIGN _[PAYL0AD VOLUME AND PRELIMINARY  |p
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PERFORMANCE AND SHAPE CROSS A NEORIGS 37 [T Lyl FLIGHT CONTROL
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sreTEM s | | EQUIPMENT [TENGINE VOLUME ARD. CROSS SECTIONAL™®] | [AND STABILITY
L »lid»l  PAYLOAD o T"1 SHAPE AREAS
AND/OR
CUSTOMER ARMS »| MASS
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STRUCTURAL ”| SHAPE REQUIREMENTS
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EMPIRICAL WING SHAPE BASED ON > DESIGN
DATA N , | EMPIRICAL KNOWLEDGE _
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T, COSTS .| | LSTUDIES - ; SR '
NUMBER OF WING SIZE AND v = 1, EQUIPMENT
WIND TUNNEL ENGINES WING LOADING W/S - SHAPE , WET- S 2 DESIGN
AND TECH- » (WIS PRELIMINARY [+» TEDAREA, 1 % P
NOLOGY ESTIMATE) CROSS
STUDY DATA ™ EMPIRICAL DATA SECTION % o
BANK (GEN- ON VOLUME ) =
FRALIZED) | fri»l REQUREMENTSE. | | avsiNG GeAR. EN- ’ Z
FOR CREW N : . '
UPNENT »| GINES, ETC,) VOLUME A
. AND SHAPE REQUIRE~ TAIL SIZE AND =
; - MENTS SHAPE ; WETTED}
AREA
TGl TeCHNOLOGY [,
»  STUDY DATA JTAIL VOLUME REQUIRE-L_ . §

MENTS

ENGINE NACELLE VOL -

v

A4

UME REQUIREMENTS

NACELLE SIZE
SHAPE , WETTED
AREA

‘Figure 3-49. Configuration Geometry Definition '




oL

+

DISCIPLINE: MASS PROPERTIES
CONCEPTUAL ANDPRELIMINARY DESIGN PHASES .
DISCIPLINE . DISCIPLINE
EVALUATION PROCESS: W02 . ‘
ORIGINATING | INPUT DATA ' OUTPUT DATA RECEIVING
NPUT DATA PRELIMINARY GROSS WEIGHT ESTIMATION , DATA
S D,WOL1 i
MASS PROPERTIES|D| | Metay o CEO” USING EMPIRICAL AND SEMIEMPIRICAL
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PROPULSION > CANDIDR | ¥
. =|_BODY WEIGHT RW,n,L B,H,0) _fa WEIGHT EMPTY | [~ AERODYNAMICS
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DISCIPLINE: MASS PROPERTIES :
CONCEPTUAL AND PRELIMINARY DESIGN PHASES

MATERIALS, ETC, ' '

TL

CONFIGURATIONID | | CONFIGURATION
DESIGN ”| DRAWINGS

' REQUIREMENTS
MISSION T PERFORMANCE
ANALYSIS OR »]  MISsION
CUSTOMER STRUCTURAL.

DESIGN
WEIGHT OF

PROPULSION |Ttp] CANDIDATE ENGINES

OR ENGINE SCALING
EQUATIONS

NOTE: ,
GENERAL WEIGHT EQUATIONS ARE
REFINED TO BE MORE APPLICABLE:
FOR SPECIFIED CONFIGURATION,
THEY THEN ARE USED TO IMPROVE
THE ACCURACY OF THE WEJGHT
ESTIMATE AND MAY BE USED TO
SUBSTANTIATE THE WEIGHT
ESTIMATE,

o
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DISCIPLINE - . "DISCIPLINE
EVALUATION PROCESS:. WO3 ~
ORIGINATING INPUT DATA . OUTPUT DATA RECEIVING
INPUT D;VELOPMENT OF V\{EIGHT FQUATIONS . . DATA
DEVELOP WEIGHT EQUATIONS FOR SPE- .
. CIFIED CONFIGURATION WHICH ACCOUNT
* MASS T/G. &%r&glrcm- | FOR SPECIAL FEATURES AND POSITION Eggér’:'?ENDS.FOR MASS
PROPERTIES [ 1] REtationsHips | 11 | WITH RESPECT TO STATE OFTHE ART, g TS = . > PROPERTIES
. E.G. CONVENTIONAL VS, ADVANCED :

k 4

WING:
ooy
\T g
TAL:

Wy = o 2552y 125

+94.5|

BODY:

Wg = C [L B+ -]

NN NN

Figure 3-51. Development of Weight Equations ~
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DISGIPLINE: MASS PROPERTIES . ! .

CONCEPTUAL AND PRELIMINARY DESIGN PHASES . \
DISCIPLINE - : - DISCIPLINE
RIEINATING  INPUT DATA EVALUATION PROCESS; W04

O s ‘ PARAMETR]C WEIGHT DEFINITION OUTPUT DATA RELEIVING

DEFINE WEIGHT AS A FUNCTION OF MASS
MASS T | EMPIRICAL MASS " AT - = : . » PROJECT OFFICE
PROPERTIES [~T"| PROPERTIES DATA [~T°| STRUCTURAL RATIOS, FUEL RATIOS, {—#PROPERTIES 1G]
ETC, 13 o+ A | IDATA IN PARAA
N METRIC FORM
: DEFINE'WEIGHT AS A FUNCTION OF 4 »{ AERODYNAMICS
SPECIFY PARA- Y 3
AERODYNAMICS 1| METRIC BOUNDARIES [—» 25232‘;%%’}”4'ﬁéGESQ"EEJTRE%f‘eRAM
FOR PERFORMANCE SPAN, THRUST, AND WING LOADING |,
' >/  PROPULSION
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DISCIPLINE: MASS PROPERTIES
CONCEPTUAL AND PRELIMINARY DESIGN PHASES

DISCIPLINE ' DISCIPLINE
EVALDATION PROCESS: W05, -
ORIGINATING (NPUT DATA |- OUTPUT DATA RECEIVING
INPUT DATA i WEIGHT/SIZE RELATIONSHIPS, | DATA
i i
WEIGHT DATA 'DEVELOP RELATIONSHIPS WHICH SHOW _ MISSION FUEL |
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' DECREASING |, SROIS WRIGHT 1 iy ereasing t PROPERTIES| |
FUEL QTY =G.W: = FUEL QTY
£ WEIGHTS OF; B )
Miu—-wmmwﬁm&n, — W o
j | TAIL f(S b t,q,C) W
W'} +— | BODY fW,n,L B H.@| —> | W
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; o
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v

"Figure 3-53. Weight/Size Relationships -
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DISCIPLINE: MASS PROPERTIES
CONCEPTUAL AND PRELIMINARY DESIGN PHASES

DISCIPLINE ) ‘ DISCIPLINE:
EVALUATION PROCESS: W06
ORIGINATING INPUT DATA POINT DESIGN WEIGHT ESTIMATION OUTPUT DATA R G
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TAIL + o % o o
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WEIGHT STATEMENT DESCRIPTION
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DISCIPLINE: ‘'MASS PROPERTIES
CONCEPTUAL AND PRELMMINARY DESIGN PHASES

" DISCIPLINE : DISCIPLINE
EVALUATION PROCESS: W07 :
ORIGINATING . INPUT DATA OUTPUT DATA RECEIVING
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A 4

DATA

fi‘igure 3-55. Mass Property Data Refinement
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DISCIPLINE: MASS PROPERTIES
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'Figure 3-57. Weights, Size, and Geometry Update .
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Figure 3-59. Detailed Weight Estimation
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DISCIPLINE: MASS PROPERTIES ) ,
PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE DISCIPLINE
EVALUATION PROCESS: W12 -
ORIGINATING INPUT DATA - . QUTPUT DATA RECEIVING
INPUT DATA DETAILED BALANCE AND, LOADING DATA ; DATA
DEVELOP DETAIL BALANCE FOR
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DISCIPLINE: MASS PROPERTIES
PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE EVALUATION PROCESS: W13 . DISCIPLINE
ORIGINATING INPUT DATA DETAILED MASS DISTRIBUTIONS AND OUTPUT DATA RECEIVING
INPUT DATA INERTIAS . DATA
e - T.L
. UTILIZING DETAILED WEIGHTS AND J|MASS gy STRUCTURAL:
DESIGN > DRAWINGS CENTER OF GRAVITY DATA AS INPUT "|DISTRIBUTIONS DYNAMICS
TO COMPUTER PROGRAM P5619 :
»| DEVELOP INERTIAS FOR COMPLETE
S— AIRCRAFT UNDER VARIOUS LOADING -

MASS - CONDITIONS, USING SAME DATA R L
PROPERTIES > WEIGHT AND DEVELOP MASS DISTRIBUTIONS ¥ INERTIAS Y  STRESS

BALANCE DATA
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&
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!
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FLIGHT CONTROL
AND STABILITY

h 4
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Figure 3-61, Detailed Mass Distributions and Inertias
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DISCIPLINE: MASS PROPERTIES

PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE . T ; . . DISCIPLINE
- EVALUATION PROCESS: W14 - -
ORIGINATING INPUT DATA : ~ OUTPUT DATA RECEIVING
INPUT DATA WEIGHT PENALTIES DUE TO A/C FEATURES NERTA
' {
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DISCIPLINE: MAS PROPERTIES
PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE
ORIGINATING
INPUT DATA

INPUT DATA

EVALUATION PROCESS: W15
COST ELEMENTS

OUTPUT DATA

DISCIPLINE
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DATA
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Figure 3-63, Cost Elements
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DISCIPLINE; MASS PROPERTIES

PRELIMINARY AND DETAILED DESIGN PHASES

METHODS

DISCIPLINE DISCIPLINE
INPUT.DATA - A : DATA
- .| DRAWINGS AND . )
_DESIGN * DESiNDATA ' —»| DESIGN
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MASS o AR e )
PROPERTIES ANALYTICAL




a8

PISCIPLINE: FLIGHT CUNTRUL AND STABILITY
CONCEPTUAL DESIGN PHASE

DISCIPLINE ' DISCIPLINE
ORIGINATING " INPUT DATA ° Egﬁ.‘;gﬁ[’gﬂ;&occggISZ:INSGCI OUTPUT DATA RECEIVING
INPUT DATA o \ DATA
T T WEIGHT ESTIMATE AERODYNAMIC
PROPERTIES [T* ~ C.G. »| STABILITY CHARACTERISTICS
' . INERTIA TAIL OFF -~ 1n
' ' |
TWING PLANFORM : ‘
RESIZE TAIL
CONFIGURATION|D| | WING LOCATION | .| ESTIMATE TAIL AND CONTROL 4—CHARACT2R- .
BESIGN FUSELAGE ™ SURFAGE CHARACTERISTICS _[“lisTiCS
DESCRIPTION i
-3
- b verTicaL Ta. Lo .
] NosEGEAR UNSTICK | TT"] vorume T AERODYNAMICS
2 I STATIC MARGINS |
. frorizontAL TAILL L | T coNFIGURATION
| [T LoNGITUDINAL SHORT PERIOD *IVOLUME . " T pESIGN,
| 2|75 FREQUENCY. SINGLE DOF 'H’ -
, n : ||, LaTERAL con- 1] [T] mass
. |_[[>] buvch ROLL CHARACTERISTICS || TROL SIZE T PROPERTIES
28 | [7[ T3] siNGLE DOF . —
o B . : |, [ prrck conTroL ],
S Z »| ENGINE OUT CHARACTERISTICS > s1zE
=N L |l AND DIRECTIONAL STABILITY |
o ry ~ [~k»! DERIVATIVES
. Etv H
G2 o -
E'C"j > ROLL PERFORMANCE NE
47! . SINGLE DOF ;
v
A REQTS ME{
(MIL 8785D
OR
N 1
—

Fié:ure 3-65. Control Surface Sizing '




TABLE 3-7. FLIGHT QON'I“ROL AND STABILITY CEP'S AND COMPUTER PROGRAMS

. TASKS

Mechanical Flight Control System Design
Automatic Flight Control System Design
Basic Aircraff Stability Analysis

Control Surface Requirements Specification
Vertical ax}d Horizontal Tail Sizing

Control System Analysis

Catapult Performance Analysis

Stores Separation Analysis

Six Degree~of-Freedom Trajectory Analysis
Aerodynamic Stability Derivative Genera:tion
Propulsive Control Requirements Specification
Sensor Requirements Specifications

Flight Control Simulation

COMPUTER PROGRAMS

TRIM-STAB General Analysis of Control Systems
Evaluates Pertinent System Characteristics

LAUNCH Simulates the Launch or Flight of a Missile
or Booster During Launch. Determines
Control System Requirements,

CATAPULT Simulates the Catapult Launch of an Aircraft
to Bvaluate Performance and Control System
Requirements,

3270 General Differential Equation Solver.
Equations in Laplace Notation,

Design Phase

CEP
C {PD}] DD

x 1 x
x| x
SC1 X Xl x
sC1 X x| x

sSC1 b4 X
SC2 X1 x
SC4 X X! x
. SC5 x| x
sSC6 X x| x
SC1 X X p:4
SC1 X X1 x
- x{ x
SC3 X x] x
sSC2 X xt x
SCo6 x X
SC4 x| x
x| X

86
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DISCIPLINE: FLIGHT CONTROL AND STABILITY
PRELIMINARY DESIGN PHASE

DISCIPLINE T : DISCIPLINE
ORIGINATING INPUT DATA EYATURTION PROCESS: $C2 OUTPUT DATA RECEIVING
INPUT DATA ' DATA
INERTIA, WEIGHT |’ (.ION.TROL ST, ' ‘
't : g P e T
s eries F—T*] C-6. > TRIM CHARACTERISTICS sYsTEM DESIGN['] | Eul,] AERODYNAMICS
'xx vy dzzxz -
. G,T
- e R .
CONFIGURATION|D, | | CHARACTERISTICS ~
> EXTERNAL - -
DESIGN
SHAPE . TG
| LONGITUDINAL BARE AIRFRAME TRIM a's 1T AVIONICS
1 AERODYNAMIC CHARACTERISTICS - » TRIM 5,'s S :
— 7 | |cHARACTERISTICS > C.G., LIMITS
‘ |  PROPERTIES
: YES
> O
=2
rg &3
=3
1 . 3
o] LATERAL AUGMENTATION || &
DESIGN

L 2

DESIGN

LONGITUDINAL AUGMENTATION

L 3

NOTE;
THIS WHOLE PROCEDURE IS AUTOMATED

(REF PROGRAM TRIM-STAB)

Figure 3-66, Program TRIM-STAB
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DISCIPLINE: FLIGHT CONTROL AND STABILITY
ALL DESIGN PHASES

DISCIPLINE i DISCIPLINE
EVALUATION PROCESS: SC3
Rt INPUT DATA FLIGHT CONTROL SIMULATION OUTPUT DATA RECEIVING
SIMULATION
HYBRID COMPUTER}
AERODYNAM!ICS |~ AERODYNAMIC >lp SDS 930 | MAX. ROLL RATE
CHARACTERISTICS Cl 5000 SURFACE LIMITS
~ ' 6-DOF COCKPIT NON-LINEAR EFF,
1| {VEHICLE _IVISUAL DISPLAY v
PROPULSION » PROPULSIVE Ed .L f 1 CONTROL SSYSTEMS
CHARACTERISTICS COCKPIT , ENGINEER. .
| DISPLAYS I _
FLIGHT CONTROL|T} .| FLIGHT CONTROL AND ' '
AND STABILITY [T*| pEscription ™1 | |conTroL CONTROL SYSTEM| | |. QPTIMUM L|FLIGHT CONTROL
MODIFICATIONS » * ~ CONTROL ™ AND STABILITY
4 IF REQUIRED SYSTEM
w R
MASS T MASS VISUAL
-»|  PROPERTY [
PROPERTIES S
DATA DiSPLAY HANDLING
v v | | QUALITIES
PILOT .- 1,}  COOPER SCALE (£
: : RATING >
QUALITATIVE
aPINION
NOTE: .
THIS PROCEDURE 1S AUTOMATED IN
CONVAIR'S HYBRID COMPUTER,,
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DISCIPLINE: FLIGHT CONTROL AND STABILITY

ALL DESIGN PHASES

DISCIBLINE ) ‘ DISCIPLINE
EVALUATION PROCESS: SC4
?ﬁ;ﬁ'}“ﬁﬂ’f INPUT DATA CATAPULT PERFORMANCE ANALYSIS OUTPUT DATA ';‘:ESE'T‘QNG
71 |VEHICLE ) o : ~
AERODYNAMICS |-/ AERODYNAMIC »r——»{  CATAPULT LAUNCH SIMULATION
' CHARACTERISTICS R
. 1\
Vv [VERICLE , S Y _
PROPULSION  t—#{ PROPULSIVE [ TIME HISTORIES OF DYNAMICS L L. GEAR
- CHARACTERISTICS PARAMETERS A DESIGN
FLIGHT CONTROLIT ‘ESETLROC';E%STEM N s
AND STABILITY [ [ |pESCRIPTION . |, [FLIGHT CONTROL
ARE OPTIMUM AND STABILITY
h CONTROL SYSTEMN_ o L. GEAR AND -
MASS T MASS AND L. GEAR CONTROL >
PROPERTIES »  PROPERTY | CHANGES SYSTEM
DATA : REQUIRED? LOGIC L1,1 MECHANICAL
DESIGN .
L,

AVIONICS

W

Figure 3-68. Catapult Péxformance Analysis
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DISCIPLINE: FLIGHT CONTROL AND STABILITY
PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA AL A A A S OUTPUT DATA RECEVING
INPUT DATA DATA

7| [VEHICLE o

AERODYNAMICS H-—»|AERODYNAMIC  |»r—#  STORES SEPARATION SIMULATION

CHARACTERISTICS| - A
&
+| [VEHICLE Y
PROPULSION H--»PROPULSIVE |- TIME HISTORIES OF DYNAMICS
CHARACTERISTICS PARAMETERS A

STORE LOCATION
FLIGHT CONTROL|T
AND STABILITY AND EJECTOR 1

v

L1, AIRFRAME

CHARACTERISTICS
ARE OPTIMUM DESIGN
I STORES LOCATION NO _|STORE '
e Tl MASS ey Lol AND EJECTOR "L LOCATION AND
PROPERTIES v MODS REQD? EJECTOR
DATA : L] JIFLIGHT CONTROL

"|AND STABILITY




DISCIPLINE: FLIGHT CONTROL AND STABILITY
ALL DESIGN PHASES

J

16-

& movd VDo

DISCIPLINE j DISCIPLINE
QRIGINATING INPUT DATA Eg%gmﬂﬁﬁgﬁ":ss' SC6 . QGUTPUT DATA RECEIVING
INPUT DATA ) DATA

.
MASS 7 | [mAssS , »__InpuT | gL,NSAT'}EEAONTROL_';]
PROPERTIES *| PROPERTIES - DOF* > REQUIREMENTS
. SIMULATION L
AERODYNAMICS » DRAG DATA > TIME HISTORIES TRAJECTORY =|=r~+»AERODYNAMICS]
‘ 'y » TIME '
i HISTQRIES
\ MODIFY .
DESIGN » AND VEHICLE P LAWS . o DESIGN
DESCRIPTION ' Lidsl  L0ADS  [ela—1s
7| [sTABILITY >
> DERIVATIVES [ FINAL AVIONICS
FLIGHT ODIEY »|  GUIDANCE | |#»r—t>
CONTROL AND | CONTROL LAWS
LSTABILITY : TNITIAL SvsTem : ,
> CONTROL o ] Mass
SYSTEM 17T PROPERTIES
]
y{ | INITIAL | PERFORMANCE
»  GHUIDANCE > ANALYSIS
LAWS . MODIFY :
MISSION | ] GUIDANCE
ANALYSIS LAWS
TLIEND - |
- CONDITIONS

Figure 3-70. Program LAUNCH
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TABLE 3-8, OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS

T TASKS

Mi'séion Effectiveness

Slmphfled m'?mual deflmmon of mission, derivation of
mathemancal model of mission performance, and hand
computatmn of a1rp1ane effectiveness in that mission.
Typical measure of effectiveness is the number of air-
planes required to accomplish a fixed fask.

‘Transport Mission Effectiveness

Determines transport fleet size required to serve
specified route system and tonnages,

Tactical Mission Effectiveness Determination

Simulation of aircraft operation in a tactical environment.

Strategic Mission Effectiveness Determination

Simulation of aireraft operation in a strategic environ-
ment,

Preliminary Basing and Operations Analysis

Estimation of support requirements (e.g., tankers,
maintenance, spares, personnel) implied by proposed
basing scheme.

Availabilify Analysis

Simulation of maintenance and operations of a wing of
aireraft to determine turnaround time-distribution,
maximum sortie rates and alert rates.

Support Assets Determination

Determination of' spares, AGE, and personnel required
to sustain an operating unit of aireraft under various
circumstances.

Design Phase

. CEP -

: C PD | DD
OR1 x
OR2 X
OR3 x| x
OR4 Xl x
ORS X
OR6 xl x
ORT X

92




TABLE 3-8, OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D).

Degign Phase
CEP

ORIGINAL PAGE IS ¢ | »p] oD
TASKS OF POOR QUALITY

Preliminary Survivabilily Evaluation - OR8 X

Estimation of probabilities of survival for single en-
counters with various threat types (e.g., SAMs, infer-
ceptors) as formation of performance parameters (e.g.,
speed, penetration aliifude).

Vulnerability/Survivability Evaluation OR9 X

Utilizes manual estimates of vulnerable area fo rank
competing candidates or as input to weapon simulafion
models to compute relative probabilities of survival.

System Analysis Studies OR10O| x

Survivability Evaluation OR11 X
OR12
Principal aircraft structural and subsystem components X
are represented geometrically in computer model which
generates tables of vulnerable areas as function of aspect
angle and kill level, Tables are then input to various
weapon simulation models for computation of survival
probabilities in explicit factical situations.

COMPUTER PROGRAMS

Strategic War Model X

Determines targets killed and aircraft attrition for a.
mixed force of aircraft attacking a defended target
complex., )

Penetration Simulation Model ’ xl x

Provides a detailed simulation of an attack on a strategic
target complex by a fleet or aircraft.

C/ g\ | | | 93



TABLE 3-8, OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D)

COMPUTER PROGRAMS

Cruise-Out Model
Determines feasible routings for strategic aircraft and
tankers from bases to penetration point.

Limited War Effectiveness Model
Computes effectiveness measures (e.g., targets killed per
sortie, atfrition rate) for an aircraft operatingin a
tactical environment.

SAM Encounter Model
Simulates an encounter between an aircraft and a SAM
site,

Air Interceptor Model
Determines feasible intercept points along the flight path
of an aircraft fiying through 2 complex of interceptor
bases and radar installations.

Maneuvering Aireraft Survivability Model
Dynamic simulation of maneuvering aircraft engages by

Tantiaircraft artillery and antomatic weapons.

Subsystem Simulation Model
Determines turnaround time distribution and asset
requirements of each subsystem.

Network Analysis Model

Determines maintenance turnaround time distribution
for an aireraft.

Design Phase |.

CEP

C | PD} DD
x| x

X X

X X} x

X b4
x] x
x§ x

94




TABLE 3-8. OPERATIONS RESEARCH CEP'S AND COMPUTER PROGRAMS (CONT'D)

. Design Phase
COMPUTER PROGRAMS CEP .
C PD}§ DD

Aircraft Vulnerability Analysis Model Xt X
Aircraft structire and subsystem components are
represented by large number of spatially oriented
geometric shapes, Model projects shapes at desired
aspect angle and computes vulnerable areas, accounting
for masking effects and projectile slow down during
penetration of each component.

95
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-DISCIPLINE: OPERATIONS RESEARCH
CONCEPTUAL DESIGN PHASE

DISCIPLINE

DISCIPLINE

ORIGINATING INPUT DATA EVALUATION PROCESS: O.Rl OUTPUT DATA RECEIVING.

INPUT DATA MISSION EFFECTIVENESS BaTA

MISSION DEFINITION: ANALYZE TERMINAL MISSION .
FLT PROFILES EFFECTIVENESS: TARGETS AT
TACKED/KILLED "

, TARGETS BER SORTIE L|DESIG
MISSION 7l | ~ DEFENSES . TARGETS KILLED VS PAYLOAD EVALUATION
e nns »  WPNS EFFEC, » ' SURVIVABILITY PAYLOAD

PAYLOADS PAYLOAD DELIVERED VS FIELD DELIVERED
DISTANCES LENGTH PRODUCTIVITY
SURVEILL/ANCE »*  DETECTIONS VS TIME ON STATION ATTRITION »{ ECONOMICS
TIME CONVERSION/ATTACK PROBABILITY '
T FLEET SIZE
: A e e ian | | (]  COMPUTE MISSION EFFECTIVENESS 1
. o ShEen I ||| OF SINGLE AIRPLANE VS RANGE  * .
AERO M MANEUVER- "] ) '
asiLity |
T.0, &L DIST. «|.} || |COMPUTE FLEET SIZE REQUIRED TO
— ACCOMPLISH TOTAL MISSION OBJECTIVE
O ATIONS ! VULNERABILITY [ E
RELIABILITY 11,1  TURNAROUND

MAINTAINABILITY

TIME




DISCIPLINE: OPERATIONS RESEARCH
PRELIMINARY DESIGN PHASE

L6

MAINTAINABILITY

AND MAINT,
REQUIREMENTS

ST €9Vd TYNIDIIO

AL'TVAD 9004 J0

v

DISCIPLINE ‘ DISCIPLINE
EVALUATION PROCESS: OR2 : sy
ORIGIATING INPUT DATA TRANSPORT MISSION EFFECTIVENESS OUTPUT DATA RECEIVING
MISSION  F—*| MISSION _| DERIVE DISTRIBUTIONS OF PAYLOADS,
SPECS T DESCRIPTION 7| DISTANCES, LANDING SITES, THREATS
H
MISSION _
PROFILES >
;7 1,6 | ARPLANE y
- 7,7 AERO e AR ncE T [ GENERATE MATHEMATICAL MODEL
AND COMPUTE PROBABILITY OF RPLANE _
|| MISSION SUCCESS AND NUMBER OF J| AIRFLANE 17 | | cconomics
- AIRCRAFT REQUIRED TO SATISFY | FLE > ‘
) ~. : AL STEADY STATE TRANSPORT
opErATIONS |T| .| "RATEOF 1 | ReatmenETs T TRANSP
RESEARCH. , T "|  ATTRITION v H A
VR N Y,
)
RELIABILITY 1| . | FAILURE RATES

"Figive §=718. Transport Mission Effectiveness
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DISCIPLINE: OPERATIONS RESEARCH
PRELIMINARY DESIGN PHASE
DISCIPLINE EVALUATION PROCESS: OR3 _ DISCIPLINE
ORIGINATING INPUT DATA TACTICAL MISSION EFFECTIVENESS OUTPUT DATA RECEIVING
INPUT DATA DETERMINATION DATA
TARGET TYPES DEFINE TACTICAL SCENARIO TARGET KILLS
& CHARACTERISTICS s TARGET TYPES AND DISTANCE PER SORTIE,
~—t+r—» ¢ WEATHER CONDTIONS AND A/C LOSSES
MISSION SPECS|y | | [HREAT TYPES FREQUENCY PER SORTIEAS [T, G [DEsIoN
OR HISTORICAL [t & P'S « THRUST TYPES AND DENSITIES A FUNCTION OF; M Bt UATION
DATA . * TARGET TYPE
WEATHER * PHASE DISTANCE
CONDITIONS

& FREQUENCIES

WEAPONS
CHARACTERISTICS

h 4

WEAPON CEP'S
AS A FUNCTION
OF DELIVERY
MODE

L 4

AVIONICS |-
DESIGN |2
-

PERFORMANCE

b4

\J

AIRCRAFT
RANGE /WEAPON
LOADING
CONSTRAINTS

L J

Y

*WEATHER

DETERMINE TARGET KILL
CRITERIA FOR EACH TARGET
TYPE/WEAPON TYPE
COMBINATION

4

DETERMINE TARGET KILLS
PER SORTIE AND AIRCRAFT
LOSSES PER SORTIE

(LIMITED WAR EFFECTIVENESS

MODEL)
I

F 3

Figure 3-73. Tactieal Mission Eifectiveness Determination
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DISCIPLINE: OPERATIONS RESEARCH
PRELIMINARY DESIGN PHASE .

DISCIPLINE EVALUATION PROCESS: OR4 R DISCIPLINE
ORIGINATING INPUT DATA STRATEGIC MISSION EFFECTIVENESS OUTPUT DATA RECEIVING
INPUT DATA DETERMINATION DATA
TARGETS DEFINE STRATEGIC SCENARIO LLOSS RATE, TARGETS
Mission (T, t | SAM SITES _[LOCATION OF EACH: KILLED, WEAPONS
SPECS * GCJ SITES b ®TARGET o|NTERCEPTOR BASE DELIVERED AS A T, 6| pEsian
INTCEPT, BASES * SAM SITE eBOMBER/TANKER BASE FUNCTION OF: > EVALUATION
BOMBER/TANKER *PENETRATION POINT  PAYLOAD.
BASES 't sECM
B RoZE DETERMINE PENETRATION RANGE *ALTITUDE
AT PENETRATION POINT FOR W
‘EACH BOMBER (CRUISE-QUT
, MODEL)
SPECIFIC *
Gl RANGE CURVES
PERFORMANCE » FOR: > LAYOUT FLIGHT PATH THROUGH
, -0 BOMBER TARGET COMPLEX FOR EACH
hd ® TANKER BOMBER AND DETERMINE TIME
' : OF ARRIVAL AT EACH TARGET
: (TARGET MAY INCLUDE THREAT
SINGLE SHOT SITES) o0
t
AVIONIGS OR | 7 TRREATS AS A Y - Ec%
HISTCORICAL > FUNCTION OF > DETERMINE EACH THREAT ENCOUN- o E
DATA ENCOUNTER TERED BY EACH BOMBER (SAM s
Y _ 2
SIMULATE ATTACK TO DETERMINE 2
D FEASIBLE e AVERAGE NUMBER OF WEAPQNS 5]
DESIGN > WEAPQONS > DELIVERED B‘J
LOADINGS « NUMRBER OF AIRCRAFT LOST A
I

Figure 3-74. Strategic Mission Effectiveness Determination
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DISCIPLINE: OPERATIONS RESEARCH
PRELIMINARY DESIGN PHASE

EVALUATION PROCESS: OR5

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA PRELIMINARY BASING & OPERATIONS OUTPUT DATA RECEIVING
INPUT DATA ANALYSIS . DATA

MISSION |t} 1 MISston [ DEFINE OPERATIONAL SCENARIO NO. TANKERS ,
SPECS PROFILES | e FLIGHT SCHEDULES PERSONNEL, | =
" * ALERT RATES AGE, SPARES, L, 'EogT
b . ¢ ALTERNATIVE BASE LOCATIONS REQUIRED FOR R~
DESIGN L H OPERATION PER .
1! ¥ WING -
L DETERMINE: s ' - 4 -
D, o MAINT. MAN~- ER -
AVIONICS > o s L R I HOURS P DETERMINE TANKER
5 * AGE/FLIGHT HOUR REQUIREMENTS
. * SPARES/FLIGHT HR, BY o TYPE
D, ANALOGY WITH SIMILAR * NUMBER
PROPULSION SUBSYSTEMS
H
. G SPECIFIC *‘ : !
PERFORMANCE »  RANGE > COMBINE WITH FLIGHT HOURS
CURVES IMPLIED BY SCHEDULES TO

OBTAIN TOTAL AGE, SPARES,
PERSONNEL
|
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DISCIPLINE: QPERATIONS RESEARCH
PRELIMINARY DESIGN PHASE

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA igﬁ}_&;ﬂmggﬁsgisonb OUTPUT DATA RECE!rVIl\!G
PUT DA DATA
D, t{ [LRU - AIRCRAFT .
DESIGN  foctis 7,6 | DESIGN
T
. DETERMINE: v :
D, t * MEAN TIMES BETWEEN DETERMINE
"l eREPAIR TIME DISTRI- MISSION T - DESIGN
‘ BUTIONS TIMER MAINTENANCE MAN > |
Aviontcs [Pt  MAINTENANCE REQUIRE~ HOURS,/FLIGHT
MENTS ' HOUR:
HISTORICAL T i s By SoBSYSTEM | —] PROPULSION
T RELIABILITY
HISTORICAL o Rerarie Lo FOR EACH SUBSYSTEM DETERMINE:
DATA | R S PROB, OF MAINTENANCE /FLIGHT MEAN TIMES ,
L REPAIR TIME DISTRIBUTIONS BETWEEN T 1,0 Avionics
: (SUBSYSTEM SIMULATION MODEL) MAINTENANGE >
v . B¥ SUBSYSTEM
v . . B .
Mpeee [t ission b LAY OUT MAINTENANCE OPERATIONS
! SEQUENCE (PERT NETWORKS) AGE UTIL. PER ° |T | IRESEARCH
FOR SUBSYSTEMS FLIGHT HOUR ™ (SUPPORT
e BY LRU ASSETS DET.)

v

DETERMINE TURNAROUND TIME
DISTRIBUTIONS FOR TOTAL
AIRCRAFT (NETWORK ANALY SIS
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¢ BY SUBSYSTEM

F 3

ALITVND 9004 J0
81 dDVd "TVNIDINO

‘Figure 3-76. ~ Availability Analysis
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DISCIPLINE: OPERATIONS RESEARCH

PD/D DESIGN PHASE
DISCIPLINE DISCIPLINE
EVALUATION PROCESS: OR7
ORIGINATING INPUT DATA L : OUTPUT DATA RECEIVING
INPUT DATA SUPPORT ASSETS DETERMINATION BATA
. MISSION .| DETERMINE BASE ORGANIZATION DESIGN
PROFILES "T "1 AND OPERATING POLICY: SPARES, AGE, EVALUATION
 FLIGHT SCHEDULES AND PERSONNEL
MISSION s MAINTENANCE ORGANIZATIONS REQUIRED PER ‘
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GROUND-RULES v 4
DETERMINE AGE, SPARES, AND

LRU PERSONNEL REQUIRED BY
DESIGN DESCRIPTIONS SCHEDULED ACTIVITIES

AGE R v
PROPULSION DESCRIPTIONS DETERMINE AGE, SPARES AND

R  MAINTENANCE PERSONNEL

AVIONICS *| SCHEDULED > REQUIRED BY UNSCHEDULED

MAINTENANCE MAINTENANCE ,

REQUIREMENTS 1
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DATA (OR SIMILAR DETERMINE SUPPORT PERSONNEL |

SUBSYSTEMS) REQUIRED , ,

MAINTENANCE
MAN-HOUR PER
OPERATIONS FLIGHT HOUR
RESEARCH MT BF
*  AGE UTIL, »
(AVAIL, PER ELIGHT HOUR
«BY SUBSYSTEM

ANALYSIS)
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DISCIPLINE: OPERATIONS RESEARCH

PRELIMINARY AND DETAILED DESIGN PHASE

£01

DISCIPLINE ' _ DISCIPLINE
ORIGINATING INPUT DATA g‘dﬁb}’ﬁg?&fﬁggﬁfﬁmﬂgﬁ OUTPUT DATA RECEIVING
INPUT DATA A DATA
pESIGN Lo e gggg{,GS“TREAMT'ON > COMPUTE VULNERABLE AREAS FOR
g | MANY ASPECTS FOR EACH THREAT
LAYDUTS A
!
aEro LB Lyl AIRPLANE »| SIMULATE TACTICAL ENCOUNTER
PERFORMANCE WITH DEFENSIVE WEAPONS .
T A
COMBINE RESULTS FOR WEAPON
MISSION | RATE oOF .| opPERATIONS
> TYPES TO GIVE AVERAGE RATE > >
PROFILES TyPES TO GIV ] ATTRITION RESEARCH
MISSION | T. :
SPECS >
,| THREAT
. DESCRIPTION >
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Figure 3-78. Survivability Evaluation
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DISCIPLINE: OPERATIONS RESEARCH
CONCEPTUAL DESIGN PHASE

DISCIPLINE EVALUATION PROCESS: OR9 ' DISCIPLINE
ORIGINATING INPUT DATA VULNERABILITY/SURVIVABILITY OUTPUT DATA RECEIVING
INPUT DATA EVALUATION, = ‘ DATA
D ] e
DESIGN » EgﬁgLﬁURAT'ON »| ESTIMATE VUENERABLE AREAS FOR
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= '__: ¥
aero RSl ARPLANE COMPUTE WEIGHTED AVERAGE N RERABILITY |—ls| DESICN
PERFORMANCE VOLUNERABLE AREAS / "| EVALUATION
RANKING

J o mission Y . '

™ PROFILES > SIMULATE TACTICAL ENCOUNTER SURVIVAL »| OPERATIONS

- L»| WITH DEFENSIVE WEAPONS PROBABILITIES RESEARCH
MISSION [T, ‘ _
SPECS .

| THREAT

DESCRIPTION
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DISCIPLINE: OPERATIONS RESEARCH
CONCEPTUAL DESIGN PHASE

DISCIPLINE _ DISCIPLINE
ORIGINATING INPUT DATA O R e e s OUTPUT DATA RECEIVING _
INPUT DATA _ DATA
RESEARCH PAST AND PRESENT
METHODS OF MEETING REQUIREMENT,
: DERIVE OPERATIONAL CONCEPS AND ARPLANE
CUSTOMER » STATEMENT OF |—»| TAILS OF MISSION(S) AND TYPES OF S HRA »  DESIGN
REQUIREMENT AIRCRAFT/MISSILES/WEAPONS WHICH TYPE .
MEET REQ'TS. DEFINE PERFORM-
ANCE REQ'TS. FOR AIRCRAFT WHICH
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o
=
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“ >
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o
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Figure 3-80, System Analysis Studies
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DISCIPLINE: OPERATIONS RESEARCH
DETAILED DESIGN PHASE

DISCIPLINE, EVALUATION PROCESS: OR11 DISCIPLINE
ORIGINATING INPUT DATA MANEUVERING AIRCRAFT SURVIVABILITY OUTPUT DATA . RECEIVING
INPUT DATA MODEL DATA
wission || | ZDIMENSIONAL ) | IpETERMINE TIME OF FIRST DETECTION| | [7ymE misTory
PROFILES . " "|AND TIME WITHIN FIRING RANGE
HISTORY A AND CUM PROB o 0Ps RES
N 1 OF HIT KILL v
PEPTYTan t S Eppees COMPUTE WEAPON AIMING ANGLES AND SURVIVAL
DATA BANK S CEARACTERISTICS AND AIRCRAFT ATTITUDE AT EACH §
TIME INCREMENT WITHIN FIRING
RANGE
I A
SIMULATE WEAPON AIMING ERRORS
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! SQ FT OF VUL AREA VS, TIME A
MULTIPLY HIT PROB BY VUL AREA
AT ANGLE OF IMPACT S A
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DESCIPLINE: OPERATIONS RESEARCH -~
DETAILED DESIGN PHASE

Lot

_EXPLOSION CONDITIONS EXIST

)

FOR EACH SUCCESSFUL PENETRATION,
ADD ONE GRID SQUARE TO ACCUMU-
LATED VULNERABLE AREA FOR PROPER
KILL CATEGORY

'

DISGIPLINE DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS: OR12 OUTPUT DATA RECEIVING
INPUT DATA AIRCRAFT VULNERABLE AREA MODEL. "DATA
2 '
gL SIZE , SHAPE AND PROJECT COMPONENTS AT DESIRED TABLES OF :
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DESIGN » MAJOR STRUCT~ »  GRID MESH OVER PROJECTION AND AREAS
TURAL AND SUB- DETERMINE EXTENT GF GRID 4
SYSTEM COMPON- COORDINATES
ENTSAND THEIR
VULNERABILITIES !
' AT EACH GRID INTERSECTION DETER- "
Tt MINE WHETHER PROJECTILE OR FRAG-
DATA BANK .|—itep gggﬁ%%glsms » MENT PENETRATES VULNERABLE -
COMPONENT OR WHETHER FIRE OR

Figure 3-82,  Aircrait Vulnerable Area Model
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DISCIPLINE: RELIABILITY/SAFETY/SUPPORTABILITY/LOGISTICS
CONCEPTUAL DESIGN PHASE
DISCIPLINE EVALUATION PROCESS: ROl " DISCIPLINE
ORIGINATING INPUT DATA RELIABILITY/SAFETY/SUPPORTABILITY OUTPUT DATA . RECEIVING
INPUT DATA LOGISTIC ANALYSES : DATA
i H N
t
SUBSYSTEMS | AIRCRAFT LOSS » ECONCMIC
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o GROSS CHARACTER BASIS, CONCEPTUAL POINT DESIGN(S) | | LRATE ANALYSES
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PROPERTIES > IMITIAL WEIGHT - []"] ®PROBABILITY OF MISSION SUCCESS BILITIES
T ESTIMATES ¢ EXPECTED MAINTENANCE MAN=
HOUR PER FLIGHT HOUR BURDEN G
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DISCIPLINE: RELIABILITY
PRE-DESIGN PHASE

DISCIPLINE s, BISCIPLINE
ORIGINATING INPUT DATA Egﬁ:fé}z:%’j zﬁgﬁg% RM1 OUTPUT DATA RECEIVING
INPUT DATA ; DATA
|
QUANTITATIVE L. .
t L) RELIABILITY OVERALL GRELIABILITY [l sysTEMS
CUSTOMER » R > > SUBSYSTEM ™ DESIGN
REQUIREMENT R ey STENS REQUIREMENTS
. £
PREDICTED
HISTORICAL . |- T _| Eﬁﬂ_’ggﬂgm RELIABILITY . ggg&RTURE T, t .
DATA RATES O e EM REQUIREMENT
PRELIM FAILURE
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‘ CANDIDATE | MODES, EFFECTS T N
SYSTEMS Dt » SUBSYSTEM AND CR'tTiCALITY '?gg ggggg‘éEE v
DESIGN SESIoN -y ANALYSIS MEETS
REQUIREMENTS
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Fighre 3~84, 'Reliability Analysis”
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DISCIPLINE: MAINTAINABILITY

PRE«DESIGN PHASE
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* DISCIPLINE: SAFETY
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. " DISCIPLINE ] ‘ ' ) : DISCIPLINE
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INPUT DATA DATA
TOP-DOWN
J| AIRCRAFT LOSS/| |
*| PILOT LOSS
FAULT TREE —VALUATE j Rpw——
¢ p | SYSTEMS H| [AGAINST SAFETY SAFETY ¢ | | pEsion
DESIGN b | CONFIGURATION t=p —${DESIGN CHECK- o 4 AESIGN : | (SYSTEMS)
CANDIDATES LLIST AND ‘ DERICIENCIES -
- PRELIMINARY CUSTOMER SPECS d ‘ :
»| HAZARDS b ‘
~ EVALUATION
HISTORICAL [T| | AIRCRATT .
DATA g . ‘
1 STATISTICS j CALCULATE . AJRCRAFT , 5
1,| ‘EXPECTED ' ' Loss | jtl .| OPERATIONS
_ _ AIRCRAFT * \ | RESEARCH
' 1 LOSSES RATE
RELIABILITY hLl,| CRITICAL ITEM | |
”|' FAILURE RATES [ .
: oo
e ‘
o G2
Q2
3k
=)
)
EQ
2 &

Figure 3-86. Safety Analysis
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TABLE 3-9, ECONOMIC ANALYSIS CEP'S AND COMPUTER PROGRAMS

"TASKS

Total System Cost Analysis

Design Phase

CEP
C | PD

DD

Eql x X

Cost Sensitivity and Design Trade Off Analysis E02 X X X"
COMPUTER PROGRAMS
COSTC Total system parametric cost model X X X
STRCOST Ajirframe structure cost analysis ' X X
TABLE 3-10, THEORETICAL FIRST-UNIT COST
ATRFRAME

Basgic Structure

Alighting Gear

Surface Controls
Auxiliary Power
Instruments & Navigation
Hydraulic & Pneumatic
Electrical

Electronics

Armor

Furnishings & Equipment
Air Conditioning & Anti-Icing
Photographic

Auxiliary Gear

Engine Agsociated

Air Induction
Exhaust System

Cooling System
Lubricating System

‘];T(l,gi O'BIGIN AL PAGE 15 Fuel System (Less Tanks)
Empennage OF POOR QU F ue} Tanks
Nacelle Engine Controls
Starting System
Subsystems

Primary & Final Assembly
Mission Equipment Installation
Acceptance Operations

PROPU LSION
Primary
Secondary

AVIONICS
New Design .

Prior Prediction

sy

TOTAL FIRST UNIT- COST
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DISCIPLINE: ECONOMIC ANALYSIS
CONCEPTUAL AND PREDESIGN DESIGN PHASE -

DISCIPLINE : DISCIPLINE
ORIGINATING INPUT DATA A R ey S NA L VSIS OUTPUT DATA RECEIVING
INPUT DATA DATA
CONFIGURATION ]| | GEOMETRY: . AIRCRAFT FIRST UNIT DETAILED SUB- |conFicuraTION]
DESIGN | - SHAPEAND > COST SYNTHESIS SYSTEM FIRST " IbESIGN
DIMENSIONS A UNIT COST
T ¥
SPEED, AERO- DETAILED '
AERODYNAMICS |——»|DYNAMIC N ggg'TGg\f‘NNTDHgg}’SELOPME”T DEVELOPMENT > m%i%ﬂé"&gm
CHARACTERISTICS _ £ A COSTS '
v
GROUP - PRODUCTION -
MASS T wWeiGhHT - » PRODUCTION GOST AND SUPPORT ol»| GusTOMER
PROPERTIES STATEMENT SYNTHESIS, =3, A COSTS
= |
{ 1;_: - |
THERMO-  |T OPERATING.COST LIFETIME
DYNAMICS > ENGINE DATA > SYNTHESIS.. A SYSTEM OPER~ =
T ‘ ATING COSTS
-y - .
© DYNAMICS I, LOADS DATA > TOTAL 5\5‘13‘!‘5\\,1 CoST
OUTPUT - A TOTAL SYSTEM N
: COST >
AVIONICS T AVIONICS .
DESIGN " suir >
sTRUCTURAL |1| [ sTructuraL ||,
DESIGN | CONCEPTS ]
NOTE:
THIS CEP EMPHASIZES GREATER
UTILIZATION DETAIL IN THE ANALYSIS AS IT
OPERATIONS _| RELIABILITY R MOVES FROM CONCEPTUAL TO
RESEARCH | AVAILABILITY » PREDESIGN PHASE,,

OPER. CONCEPT
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TYPE CONSTRUCTION

DETAILED WEIGHTS
ENGINE THRUST : <
NO. ENGINES .
MAXIMUM SPEED -

: -] WING
REFERENCE o

i $/LB
WEIGHTS o 2 o
EACH SUBSYSTEM '

$/LBXWT |

REFERENCE
COST/LB D
EACH SUBSYSTEM

COST/LB
WEIGHT SCALING >
EACH SUBSYSTEM

THEORETICAL FIRST-UNIT COST
. AIRFRAME

PROPULSION

AVIONICS

ENGINE \C“U'SE

Xx LB X

OTHER CHARACTERISTICS Csne |uRr 8 i T ——
BYPASS ® SULLLLULING o4

—

THRUST
OVERALL PRESSURE RATIO

DIRECT '|
ESTIMATES &
(IF DESIRED) |

A 4

J0

COST PERCENTAGE FACTORS
ASSEMBLY 1
MISSION EQUIP INSTALL. i
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d VKIomo

PR OALLY qOo04
ol 4oV

Figure 3-89, First-Unit Cost Model Functions
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INPUT

GENERAL SYSTEM CHARACTERISTICS

e NUMBER OF OPERATIONAL A/C
e TLIGHT HOURS,/YEAR

® CREW SIZE

® ATRCRAFT REWORK CYCLE

® ENGINE OVERHAUL CYCLE

s OPERATING CONSUMABLES/HR
e SPARES REQUIREMENTS/HR

OR

COSTING LOGIC

OUTPUT

OPERATIONS COST MODE

L

DIRECT OPERATING COSTS

"

@ DIRECT COST
—DPAY RATES

FACTORS

® INDIRECT COST
—S3PT. PERSONNEL

FACTORS

~—PERSONNEL FACTORS
—MAINTENANCE COST

—8PT. COST FACTORS

t

DETAILED SYSTEM CHARACTERISTICS

(AT WUC LEVEL)

OPERATIONAL SIMULATIONI
MODEL

® OPERATIONAL PROCEDURES

® MAINTAINABILITY ASSESSMENT
® RELIABILITY ASSESSMENT

® LOGISTICS SYSTEM

e SUBSYSTEM COSTS

_»| ¢ MTTR

¢ MAINTENANCE DEMAND

e DOWNTIME
e DMMH /FH
¢ LOGISTICS DEMAND

v

+

MATERIAL COST TRANSLATOR

¢ INVESTMENT SPARES COST
¢ REPLENISHMENT SPARES COST
¢ DEPOT LABOR COST

e MILITARY PAY AND ALLOW,
e FLIGHT OPERATIONS

| ® AIRCRAFT REWORK

® ENGINE OVERHAUL
® MISC_SUPPORT
® SPARE'AND REPAIR PARTS

INDIRECT SUPPORT COSTS

& TRAINING

® LOGISTICS

e PERSONNEL
® MEDICAL

® SUPPLY

e FACILITIES

e OPERATIONS

Figure 3-93, Operating Cost Estimating Methodology
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DISCIPLINE: ECONOMIC ANALYSIS

ALL DESIGN PHASES

DISCIPLINE EVALUATION PROCESS: EO2 DISCIPLINE
ORIGINATING INPUT DATA COST SENSITIVITY AND DESIGN OUTPUT DATA RECEIVING
INPUT DATA TRADEOFF ANALYSIS DATA _

' GEOMETRY: : : : . ‘ -
CONFIGURATION |D | : L , Lo * TOTAL - L | CONFIGURATION
DESIGN M oERon >r*| TOTAL SYSTEM COST b= SYSTEM COST | || of DESIGN

) A
,|, .
' v -|SPEED,.AERO -~ ' SYSTEM . )
AERODYNAMICS |= »{ DYNAMIC » COST SENSITIVITIES PARAMETERS/ |T PROGRAM -
CHARACTERISTICS £oST . "I MANAGEMENT
7 H RELATIONSHIPS > .
THERMODYNAMICS - »| ENGINE DATA > TRADE COST DATA [« DESIGN L customer
! i l A COST DATA T
MASS : »  GROUP WEIGHT .
PROPERTIES = STATEMENT e
LDETAlLED DESIGN OO
T INFORMATION; w =
STRESS ANALYSIS »  DETAILED WTS, o
; AREAS R 8 =]
LENGTHS " 3] ?
STRUCTURAL [T ] K,SR'OMFE;ES?S B
DESIGN THICKNESSES %
%m
AVIONICS T R _ &
DES|GN —»|  AVIONICS SUlT. > )
UTILIZATION
QPERATIONS |T | RELIABILITY R
RESEARCH ) * AVAILABILITY

OPER, CONCEPT

Fagure 3-94, Cost Sensitivity and Design Tradeoff Analysis




TABLE 3-12., STRUCTURAL LOADS CEP'S AND COMPUTER PROGRAMS

] TASKS

Establish Preliminary Structural Design Criteria

Design Critique

Formulate Design Criteria

Determine Preliminary Structural Layout Loads

Perform Symmetric Maneuver Load Trend Survey

Determine Landing and Ground Handling Design Loads

Calculate Wing Panel Point Loads Distributions

Determine Fatigue Loads Spectra

Perform Fatigue Evaluation’

Periorm Gust Loads Analfysis

Support Loads Model Wind Tunnel Test Program

Airplane Rigid Body Initial Dynamic Maneuvers Response
Parameters Envelope

‘COMPUTER PROGRAMS

RI1  Balanced Symmetric Maneuver Load Trends

RL® MI1L~A-8861 Discrete Guet Analysis

BO5  Fatigue Damage Due to Maneuver and Continuous
Turbulence

UB1  Landing Gear Design Loads (MIL-A-8862)

TC4 Wing and Tail Distributed Loads and Panel Point Loads

Design Phase

CEP
-} € | PD3 ED
SE1 X
SL2 X
SL:3 X x
sS4 X
SL5 X
sS1s X
SL7 X X
SLB X
SLa X
SL10 X
S1a1 b4 X
SL12 X
x | x
X X
X
X X
X X

118




DISCIPLINE; STRUCTURAL LOADS
CONCEPTUAL DESIGN PHASE

DISCIPLINE ] EVALUATION PROCESS: SL1 DISCIPLINE
ORIGINATING INPUT DATA ESTABLISH PRELIMINARY STRUCTURAL OUTPUT DATA RECEIVING
INPUT DATA DESIGN CRITERIA DATA °

PERFORMANCE :
G| [ESTIMATES AND N ‘ | DIVE
AERODYNAMICS =1 | gnciTuDINAL > DIVE STUDIES * ENVELOPES STRUCTURAL
AERO. DATA A DYNAMICS
Y
.| V=n
e e i R
1} AERODYNAMICS
~
s  GEOMETRY |-»| BOUNDARIES ”| BOUND
DESIGN H ARIES [ STRUCTURAL
"1 ANALYSIS |
MASS T| | TOTAL WT. AND
PROPERTIES ¥l C.G. ESTIMATE [
T | [ ENGINE THRUST
PROPULSION > ESTIMATE
PROJECT | T ] ITYPE
OFFICE SPECIFICATIONS
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Figure 3-95, Preliminary Structural Design Criteria
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DISCIPLINE: STRUCTURAL LOADS
CONCEPTUAL DESIGN PHASE

DISCIPLINE . " DISCIPLINE
ORIGINATING INPUT DATA E\éAS:-UB%:S%PﬁgCES& stz OUTPUT DATA RECEIVING
INPUT DATA DESIGN:CRITIQUE DATA
I X
1 CONFIGURATION {D | | -1 CRITIQUE CANDIDATE DESIGNS PROJECT
DESIGN ¥ GEOMETRY = ' FRON: STANDPOINT OF: _ OFFICE
»l  FLUTTER } CONFIGURATION
MISSION of © MISSION | ACOUSTICS CRITIQUE :
| ANALYSIS PROFILE - ) VIBRATION -~ CONFIGURATI(ON
! . ETC: DESIGN
PROPULSION p| ENGINE THRUST | |

ESTIMATE
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DISCIPLINE STRUCTURAL LOADS
PRELIM/DETAILED DESIGN PHASE
DISCIPLINE EVALUATION PROCESS: SL3 DISCIPLINE
X RECEIVING
ﬂiﬁ%ﬂyf INPUT DATA FORMULATE DESIGH CRITERIA OUTPUT DATA DATA
: p | ] AIRPLANE TYPE H [ EvALUATE APPLICABILITY OF G, T,t || STRUCTURAL
CUSTOMER P AMD GENERAL ) T GENERAL SPECIFICATIONS Y LomDS
AGENCY SPECS Byl conFIGuRATION ’_I
CONCEPTS
HI APPLICABLE Hil" NON-APPLICABLE G, T,t | STRUCTURAL
CONFIGURATION CRITER|A 7 CRITERIA | oESIGN
DESIGN .7 .| SPECIFIC USAGE B _
—4' AND PERFORMANCE .
REQUIREMENTS H APPL|CABLE G, T,t ;| STRUCTURAL
WITH EXCEPTIONS . __SIZING
ANDI/OR DEVIATIONS DOCUMENTED
. AIRPLANE WEIGHT CRITERIA Gt
l WASS T, G, AND MASS . » ToU o STRUCTURAL
PERTIES = DISTRIBUTION [ H [ Oev IATIONS OR 7| DYNAMICS
— DATA
EXCEPTIONS
1 G Tt | STRUCTURAL
i N AIRPLANE BASIC e —-—} - FATIGUE AND
.| rerooviamics L8} b AFRO DATA KT inrecraeo | M) customer specipien oo RELIABILITY
| J s V| LifT CURVE SLopE — APPLICABLE CONFIGURATION CONCEPTS, ==
Y . =
P = aax LIFT COEFF GENERAL PERFORMANCE AND =
WITH & W0 THRUST CRITERIA USAGE REQUIREMENTS ! Zl G\ Tt
. v 2oL b WMECHANICAL
[ perrormaNCE [ 1 1 2 = Pl DESIGN
' g 'c | HIGH LIFT CONFIG Nl speciric peraiten| [ pevelop criteria O v
i)l FLAP SPEED(S) — CRITERIA: ITEM DETAILS: G
DATA *DESIGN & * SPEEDJALT LIMITS E o
CONSTRUCTION *MANEUVER LOAD FACTOR (e}
* FLIGHT LOADS * DESIGN GROSS WEIGHTS a v
; S IGHT CONTROL *» GROUND LOADS * DES. CENTER OF GRAVITY w2
CONTROL &+ | T, 6 Sy STEM | * FATIGUE LOADS » SERVACE LifE
SYSTEMS . | CHARACTERISTICS * SPECIAL * FATIGUE SCATTER FACT.
CONDITIONS *ETC.
H il
OUTPUF

Figure 3-97. Formulate Desigﬁ Criteria
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DISCIPLINE:

STRUCTURAL LOADS

PRELIMINARY DESIGN PHASE

DISCIPLINE DISCIPLINE
EVALUATION PROCESS- SL4
ORIGINATING INPUT DATA QUTPUT DATA RECE IV ING
\NPUT DATA PRELIMINARY STRUCTURAL LAYOUT LOADS DATA
SPECS S TA[ DESIGN CRITERIA: f DETERMINE WING-BODY LIFT: G | STRUCTURAL
TT| e WEIGHTS, LOAD PRELIMINARY DESIGN
T FACTOR, SPEED <H (L] i) yyg = Nz x DES. WEIGHT - Fy STRUCTURAL ‘
LIMITS, ETC. ' LAYOUT LOAD -
*ASSUME HORIZ. TAIL BALANCE LOAD, Fy, DISTRIBUTIONS |G gg?ﬁg”m
GEOMETRY: AS FUNCTION QF A|RPLANE TYPE
D
CONFICURATION ® EXTERNAL SHAPE oo -
AND DIMENSIONS ASSUME COMPONENT
ATRLOAD DISTRIBUTION
. INERTIA DATA: SHAPE BASED ON
J * STRUCTURE GEOMETRY OR
MASS eEQUIPMENT | TEGHNICAL PUBLICATIONS
PROPERTIES o FUEL
*PAYLOAD H ‘ - 4+
CALCULATE COMPONENT PREL. DESIGN
LOAD DISTRIBUTIONS: SHEAR
BENDING MOM. AND TORSION
WING LOADS-
¢BASIC CLEAN CONFIG H
SHIGH LIFT CONFIG | | ASSUMED AIRPLANE
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CONS 1DERING
OuTPUT CLASS OF AIRPLANE
Figure 3-98. Preliminary Structural Layout Loads
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DISCIPLINE:

STRUCTURAL LOADS

PRELIMINARY DESIGN PHASE (LATER STAGES)

DISCIPLINE DISCIPLINE
EVALUATION PROCESS: SL5
ORIGINATING INPUT DATA OUTPUT DATA RECEIVING
\NPUT DATA SYMMETRIC MANEUVER LOADS TRENDS SURVEY TATA
A R
GEOMETRY CALCULATE BALANCED AIRPLANE
CONE'&‘{%‘:I”ON D) EXTERNAL SHAPE } PARAMETERS ¢t's and &'
AND DIMENS|ONS (FUNCTION OF n, x 6. W.,
MACH NO., ALT, ETC.)
s 6,7 | ([DESIGN CRITERIA:
WEIGHTS, LOAD =
1! eactor. speeo. H 1 A CALCULATE STRUCTURAL
—) LMITS. ETC, COMPONENT LOADS
o (FUNCTION e, &, nz, MACH NO., ALT.)
MASS  |— l
PROPERTIES == | 0ASS DISTRIBUTION
STRUCTURAL, Al PLOT STRUCTURAL COMPONENT LOAD STRUCTURAL
Iy : LOAD TRENDS
—)  EQUIPMENT, = TREND CURVES \
FUEL (LOAD vs MACH NO. @ CONSTANT WITH SPEED, | LOADS
s AT &0y ﬁéLgUF?mifoNRD
AERODYNAMICS
6.7l [RIGID AERO DATA; r ~
—= ) OVERALL SELECT CRITICAL DESIGN LOAD COND'S
AIRPLANE - (WING, FUSELAGE, HORIZ. TAIL) STRUCTURAL
g
MODEL TEST. M—} AND €OMPONENT - DESIGN
BUILD-UP i
H CALCULATE DESIGN LOAD BE;B'IN%H%N |
- : BISTRIBUTIONS :
AEROELASTICITY AND TORSION )| STRUCTURAL
. DATA (WING, FUSELAGE, HOR!Z. TAIL) DISTRIBUTIONS 4 S17ING
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BALANCE DATA
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Figure 3-99. Symmetric Maneuver Loads Trend Survey
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DISCIPLINE:

STRUCTURAL LOADS

PREL/DETAIL DESIGN PHASE

DISCIPLINE DISCIPLINE
EVALUATION PROCESS: si6
ORIGINATING INPUT DATA OUTPUT DATA RECELVING
INPUT DATA LANDING/GROUND HANDLING LOADS DATA
GEOMETRIC Al CALCULATE LANDING AND LANDING L’ MECHAN | CAL
CONFIGURATION] 1D AND } GROUND HANDLING LOADS M CEAR DESIGN
DESIGN ' DIMENSIONAL MIL-A-8862A (USAF) DESIGN DESIGN
DATA ~CONDITIONS AND ANALYSIS LOADS
METHODS Ty STRUCTURAL
0 "’ DESIGN
_-} LANDING
_ GEAR
MECHANICAL | L )| MECHANICAL
DESIGN PARAMETERS
DESIGN
- CRITERIA:
SPECS ___’ DES. GROSS
WEIGHTS, CG's,
LANDING &
SINK SPEEDS

Tigure 3-100. Landing/Ground HMandling Loads
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DISCIPLINE STRUCTURA

PRELIMINARY OESIGN PHASE {LATER STAGES)

L LOADS

DISCIPLINE DISCIPLINE
EVALUATION PROCESS SL7
ORIGINATING INPUT DATA OUTPUT DATA RECEIVING
LT DATA WING PANEL POINT LOAD DISTRIBUTIONS e
STRUCTURAL
STRUCTURAL | D i ARRANGEMENT H y| DEFINE PANEL POINT ARRANGEMENT PANEL POINT LOADS | !
DESIGN #SPARS, RIBS, ' GEOMETRY AND STRUCTURAL
CONTROL SURFACES T SPANWISE V, M, T [T DESIGN
- H DETERMINE PANEL POINT UNIT DISTRISUTIONS
MASS _T * STRUCTURE an
PROPERTIES [ + * FUEL , H =
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e = 25
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~
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o
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Figure 3-101. Wing Panel Point Load Distribution
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DISCIPLINE:

STRUCTURAL LOADS

PRELIMINARY DESIGN PHASE (LATER STAGES)

DISCIPLINE | DISCIPLINE
A :
ORIGINATING INPUT DATA Fi#’?éﬁETgﬁ}DgRgfgngfs OUTPUT DATA RECEIVING
INPUT DATA DATA
LOADS b—B: T3] DESIGN '; DETERMINE MEAN LOADS AND FATIGUE LOADS{ | L \| FATIGUE
F|' SURVEY CYCLIC LOADS SPECTRA FOR ____} SPECTRA: T V| ANALYSIS
LOADS AIRCRAFT USAGE TIMES *G-A-G
SCATTER FACTOR *GUST
~ ©MANEUVER
6. T IRCRART o LANDING L%STRUCTURAL
o ¥| LOADS
P USAGE: TAx] T.
MISSIONS,
SPECS CONFIG'S,
GROSS
WEIGHTS
FATIGUE DESIGN
CRITERIA:
» SERVICE LIFE

s ATMOS. PARAMSH
*MANEUVER SPECT.

*LANDING & TAX!
SPECTRA

o SCATTER FACTOR

Figure 3~102. TFatigue Loads Spectra
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PRELIMINARY DESIGN PHASE
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oy | MATERIAL PROP: = | STRUCTURAL
- SELECT REFER : > .
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" Y0 A FATIGUE [ '
¥ STRES | STRUCTURAL
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Figure 3-103. Fatigue Evaluation
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DISCIPLINE: STRUCTURAL LOADS
PRELIMINARY DETA!L DESIGN PHASE

DISCIPLINE

DISCIPLINE . , .
ORIGINATING INPUT DATA e oA Kﬁg&ﬁ,g% SL10 OUTPUT DATA RECEIVING
INPUT DATA DATA
CONFIGURATION{ D |, GE%?&{SXL »—ip| CALCULATE GUST LOAD PARAMETERS
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6T L.OAD PARAMETERS "
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DISCIPLINE: STRUCTURAL LCADS

PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE - EVALUATION PROCESS: SL11 DISCIPLINE
ORIGINATING INPUT DATA LOADS MODEL WIND TUNNEL TEST OUTPUT DATA RECEIVING
[NPUT DATA PROGRAM SUPPORT DATA

- GEOMETRY: FORMULATE RECOMMENDATIONS AND G

CONFISURATION D Ll "EXTERNAL  [»r—»| REQUIREMENTS: {yl MODEL

SHAPE )
MODEL TYPES AND CONFIGURATIONS DGCUMENTED
INSTRUMENTATION TYPE(S) AND .| PROPOSED | |
DESIGN CRITERIA COVERAGE "] PROGRAM .
G,T SPEED LIMITS TEST POINTS (SPEEDS, q's) ‘ ELEMENTS
SPECS »  MANEUVERS [ CONTROL SURFACE DEFLECTIONS .} MODEL
ETC. COVERAGE FOR o AND 8 SWEEPS "} TEST
H
o7 | WIND TUNNEL TEST
EEEECY “-» FACILITIES AND [
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= B
o
=
&

ES
2 53

‘Figure 3-105. ILoads Model Wind Tunnel Test Program Support’
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DISCIPLINE. STRUCTURAL LOADS =
PRELIMINARY DESIGN PHASE
DISCIPLINE EVALUATION PROCESS- SL12 | DISCIPLINE
ORJGINATING INPUT DATA AIRPLANE RIGID BODY INITIAL DYNAMIC MANEUVER OUTPUT DATA | RECEIVING
iNPUT DATA RESPONSE PARAMETER ENVELOPES - ' DATA
CONFIGURATION | D | GEOMETRY- G, T'i STRUCTURAL |
DESIGN ¢ EXTERNAL SHAPE ) , LOADS
AND DIMENSIONS CALCULATE LOCAL ACCELERATIONS FOR RIGID | |
BODY RESPONSE PARAMETER COMBINATIONS. G, ‘
6 T INERTIA LOAD T\| STRUCTURAL
SPECS ‘ DES (G PARAMS DES. T DESIGN
CRITERIA: « PITCH{VERT. LONG I TUDINAL ’[ enveores ||
1 | ®DES. 6W'S, LOAD = FI8, §, (FUSE. STA. - C0), ngpg, Nyeg! ALONG: 7
MASS FACTOR AND « FUSELAGE STRUCTURAL
PROPERTIES TG LIMITS « ROLLING IVERT. /S I DE *WING SPAN | ] T}__S12INe
=F1 8, @ SPAN STA, nzeg, Nyegl G,
Ty MECHANICAL
o YAWING/VERT. /S| DE DESIGN

4 =F| i, {(."J., (FUSE, STA. 'CG}, nZCG' ﬂycc’

ASSUME VALUES FOR
AP RESPONSE:

* e ¢ Myeg
® ANGULAR RATES

o ANGULAR ACCELERATIONS

MIL-A-8865

AIRPLANE STRENGTH AND
RIGIDITY - MISCELLANEOUS
LOADS

CRASH, NON-CRASH

Figure 3—106. Airplane Initial Dynamics Maneuver Response Envelopes




TABLE 38-13. STRUCTURAL ANALYSIS CEP'S AND COMPUTER PROGRAMS

TASKS

Structural Arrangement and Concept Design Support.
Multispar Box Material and Struetural Concept Trade Studies,
Advanced Composite Fuselage Section Optimization,

Finite Element Fuselage Synthesis.

Material Selection.

Finite Element Structural Analysis.

a. Internal Loads Analysis
b. Deflection Analysis
c. Stress Analysis

d. Stiffness and Flexibility Data Generation.

Finite Element Stress Modal and Analysis.
Fuselage Multiple Station Synthesis,

Wing Aeroelastic Synthesis Procedure (WASP),
Preliminary Fatipue Analysis,

Fatigue Analysis for Unit Damage Data,
Fatigué Test Evé.luation and Qualification,
Fracture Control,

Flaw Growth,

Fracture Arrest. ‘

Nuclear Vulnerability/Survivability Assessment,
Structural Test Planning and Test Support,
Detailed Stress Analysis.

GED
o Als PA
O PooR QUALTH

Design Phase

CEP -
C PD¥ DD

SA1 X b4

SA2 X X

SA3 X X

SA4 X

SAS X X X

SA6 X X

SAY X p: 4

SA8 X

SA9 X

SA10 X

SA11 X

SA12 X
‘SA13° x| x

SA1l4 p:4 X

SA15 - X X

SA1l6 x b4

SA1T X X

SA18 X

131




TABLE 3-13, STRUCTURAL ANALYSIS CEP'S AND COMPUTER PROGRAMS (CONT 'D)

) CEP Degig:n Phase
{ COMPUTER PROGRAMS C | PD} DD
SEO/ Family of Multi-Spar Box Analysis x
Family Procedures Used to Facilitate Material
and Structural Concept Trade Studies.
RJ4 Opthox I is a box beam minimum Weight X
design algorithm, :
"TC6 Fuselage Section Analysis. X
ATO Composite Structural Box Synthesis, X
TLY Finite Element Stress and Modal Analysis. X X
X4 NASTRAN Finite Element Stress Analysis. X X
CLAAS Finite Element Structural Analysis, X X
FADES Finite Element Fuselage Syntheésis, X
NOVA Skin/Stringer Sizing. X

WASP Wing Aeroelastic Synthesis. X

132



DISCIPLINE: STRUCTURAL ANALYSIS

£el

MANUFACTURING

PRELIMINARY DESIGN PHASE .
DISCIPLINE EVALUATION PROCESS: SAl DISCIPLINE
ORIGINATING INPUT DATA STRUCTURAL ARRANGEMENT AND CONCEPT OUTPUT DATA RECEIVING
INPUT DATA DESIGN SUPPORT DATA
CONFIGURATION DL oEFINTION OF o 1] SELECT CANDIDATE STRUCTURAL MATRIX.OF COM~
DESIGN | EXTERNAL SHAPE ['] !"| ARRANGEMENTS AND CONCEPTS PONENT SHZES
" i} AND WEIGHTS FOR 1., :
o] CANDIDATE, STRUC=17" | I CONFIGURATION
.71 | CRITICAL LOAD DEFINE A MATRIX OF CONCEPTS TO TURAL ARRANGE- DESIGN
LOADS AND ! 1y} CONDITIONS, ~ BE ANALYZED BY COMBINING THE MENTS ;-STRUC~
CRITERIA DESIGN CRITERIA, »| VARIOUS CANDIDATE STRUCTURAL TURAL CONCEPTS,
ETC. ARRANGEMENTS, STRUCTURAL CON- AND MATERIALS
'CEPTS, AND MATERIALS ——
T
REQUIRED STRUCG- ‘ v »SELECTED CONCEPT |
c7! | TURAL STIFFNES- SIZE AND WEIGH EACH ELEMENT OF
STRUCTURAL [/ it SES TO SATISFY 1 THE CONCEPT MATRIX USING COM -
PYNAMICS AERQELASTICITY, PARABLE METHODS THAT TAKE INTO
i FLUTTER, DIVER= »| CONSIDERATION THE VARIOUS DESIGN :
GENCE, ETC. CRITERIA, MATERIAL PROPERTIES, N e e
REQUIRED STRUCTURAL SITFFNESS, =
ETC.
CANDIDATE MATER- ) ’g"g
o1 [/AL PROPERTIES, S
MATERIAL ’ SUCH AS MATERIAL BISPLAY RESULTS GRAPHICALLY AND/, E:
"I STRENGTHS, STiF=- OR TABULARLY AND SELECT THE MOST: 42 -
J| FINESSES, FRAC- | |=1»|PROMISING CONCEPT THAT ACHIEVES | SR
"I TURE TOUGHNESS, A BALANCE BETWEEN WEIGHT CONTROL ? P
MATERIAL STRESS CRACK AND COST EFFECTIVENESS &
SELECTION [ | |CORROSION, THER- =l &
! MAL DEGRADATION,
ETC.
T
MANUFACTURING STRUCTURAL
’I CONCEPT FEAS-
J > BILITY AND >
T

INDUSTRIAL
ENGINEERING

COSTS

!

' Figure 3-107. Structural Arrangement and Concept Design Support
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DISCIPIINE SIRUCTURAL ANALYSIS
PRITIMINARY DESTGER PHASI
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, : P DAL EVALBATION PROCLSS, SA2 : |
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Figure 3~108. Multispar Box Material and Structural Concept Trade Studies
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DISCIPLINE: STRUCTURAL ANALYSIS
PRELIMINARY DESIGN PHASE

RESIZE ELEMENTS TO OBTAIN ZERO

DISCIPLINE . EVALUATION PROCESS: SA3 DISCIPLINE
ORIGINATING INPUT DATA ADVANCED COMPOSITE FUSELAGE OUTPUT DATA ° RECEIVING
INPUT DATA SECTION OPTIMIZATION DATA®
PRELIMINARY|P| !  sEcTiON . ) ELEMENT STRESS
DESIGN * ' GEOMETRY | CALCULATE SECTION PROPERTIES e STRAIN, MARGIN
' STRESS
OF SAFETY, AND " ANALYSlS
Y AREA OF THiCK=
STRUCTURAL |b| T T9pE oF CALCULATE INTERNAL LOADS NESS -
DESIGNAND ¥ consTRUCTION [ MC P, VD, T
STRESS e
) . — " ICS
MATERIALS =t  pROPERTIES CALCULATE STRENGTH AND STABILITY El & GJ DYNAM
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NOTE:

THIS PROCEDURE IS AUTOMATED (TC6).

v

Figure 3-108, Advanced Composite Fuselage Section Optimization
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DISCIPLINE: STRUCTURAL ANALYSIS

PRELIMINARY DES!GN PHASE (LATER STAGES)
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DISCIPLINE: STRUCTURAL ANALYSIS

PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS: SAS, OUTPUT DATA RECEIVING
INPUT DATA , DATA
MATERIAL CANDIDATE
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5

" "Figure 3-111. Material Selection




DISCIPLINE: STRUCTURAL ANALYSIS
PRELIMINARY AND DETAILED DESIGN PHASES
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NO |
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Figure 3-113. Finite Element Stress and Modal Analysis
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DISCIPLINE: STRUCTURAL ANALYSIS

PRELIMINARY DESIGN PHASE (EARLY STAGES)
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DISCIPLINE:; STRUCTURAL ANALYSIS
FRELIMINARY DESIGN PHASE

%1

DISCIPLINE EVALUATION PROCESS: SA9 DISCIPLINE
ORIGINATING INPUT DATA WING AEROELASTIC SYNTHESIS OUTPUT DATA RECEIVING
INPUT DATA PROCEDURE (WASP) DATA
D,d} GEOMETRY . SKIN THICKNESSES
CORTISURATIONL ! pEFINITION OF »|  GUESS IN{TIAL DESIGN »{ (AND ORIENTATIONS [py=si > TRUCTURAL
EXTERNAL SHAPE FOR COMPOSITES)
- b
R A 1. GENERATE STIFFNESS AND MASS »{ RREXIBLEAND ) L,
AERODYNAMICS =21 ~n-roiotnr [ MATRICES USING RAYLEIGH-RITZ : B
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‘ MATRIX FOR REQUIRED LOAD FACTOR S ANALYRIS
4, CALCULATE DEFLECTED SHAPE o3 TRESSES,STRAINS, |
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PROPERTIES WEIGHTS 5, CALCULATE NATURAL MODES
| e [ L
i DESIGN CONDITION . . AND FREQUENCIES
T . Bate @ 30K FT 7. CALCULATE DIVERGENCE SPEED
. LOADS JEX.:-8g's@3 -
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15,000 N Vg DIAGRAM o
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Figure 3-115. Wing Aeroelastic Synthesis Procedure (WASP)




44"

DISCIPLINE. STRUCTURAL ANALYSIS
PRELIMINARY DESIGN PHASE
DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS :.SA10 QUTPUT DATA RECEIVING
(NPT DATA PRELIMINARY FATIGUE ANALYSIS TATA
DESIGN CRITERIA
AIRCRAFT M Reouikes L1k T | [anaLYSIS 1S TOR 5 anaLrTica
SPECIFICATION SCATTER FACTOR b (1} ALLOWABLE STRESS = 7 <) bic it 2 | STRUCTURAL
2} FATIGUE DAMAGE |2 ” '| DESIGN
MATERIAL PROPERTIES. . * :
S-N DATA Sm, Sa,Nr {T . DEVLLOPMENTAL TEST ALLOWABLE
MATER N7
ERIALS '-_" FOR VARICUS KT'S CALCULATE KL SPECIMEN RLQUIRED } FATIGUE 0 } STRESS
Ftu T STRESS
CALCULAL
LOAD SPECTRA | [ATIIRE KL in
LOADS ) G-A-G, GUST. i | T el T[] FATIUE &
MANEUVER, 1 \| ranigui (T TRACTURE
LANDING, TAXI i | 0AMAGE )
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'I

ALL CONTROL

POINTS ANALYZED

NEXT
CONTROL POINT

CALCULATE TATIGUE DAMAGE
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CONTROL POINTS
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e .

COMPUTER FATIGUE
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DAMAGE - nfN

ANALYSIS

Ly
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DAMAGE

Figure 3-116. Preliminarvy Fatisue Analvsis




DISCIPLINE: STRUCTURAL ANALYSIS -
DETAILED DESIGN PHASE

EPT

DISCIPLINE EVALUATION PROCESS; SALL DISCIPLINE
ORIGINATING INPUT DATA FATIGUE ANALY SIS FOR UNIT DAMAGE OUTPUT DATA RECEIVING
INPUT DATA DATA N DATA
, ; : REVIEW FATIGUE TEST RESULTS oo LT !
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)
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" X Figure 3-117.. Fatigue Analysis for Unit Damage Data
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DETAILED DESIGN PHASE
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PRELIMINARY AND DETAILED DESIGN PHASES

DISCIPLINE . , DISCIPLINE .
ORIGINATING (NPUT DATA EX’é'fggE'gg F’TRROOCLESS= SA13 OUTPUT DATA ‘RECEIVING
INPUT DATA E CON , DATA
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Figure 3-119, Fracture Control
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DISCIPLINE: STRUCTURAL ANALYSIS

PRELIMINARY.AND DETAILED DESIGN PHASES
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DISCIPLINE: STRUCTURAL ANALYSIS
-PRELIMINARY AND DETAILED DESIGN PHASES
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Figure8-121, 'Fracture Arrest
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DISCIPLINE: STRUCTURAL ANALYSIS

PRELIMINARY AND DETAILED DESIGN PHASES
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Figure 3-123. Structural Test Planning and Testing Support
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TABLE 3-14, STRUCTURAL DYNAMICS CEP'S. AND COMPUTER PROGRAMS

Static Aeroelasticity

“TASKS _ ORIGINAL PAGE IS

OF POOR QUALITY

Compute over speed envelope surface divergence speed
control surface reversal speed

Predict flexible airplane aerodynamic stability derivatives
Compute jig shape for cruise condition '
Predict flexible airplane shape for off design conditions
Predict flexible airplane loads for selected flight conditions
Provicie support for configuration design

Provide support for wind tunnel model design

TFlutter

Predict airplane flutter speeds over the altitude range
Provide structural analysis with stiffness requirements

Provide incremental weight changes due stiffness or mass
balance additions

Provide sensor locations and feedback characteristic gains
for flutter suppression

Predict panel-sizes and skin gages for panel fluiter
Provide support for configuration and flutfer model design

Plan and support ground vibration and flight flutter tests

Gust Response

Predict fatigue and probability strength transfer function
data

Predict PSD:response data

Predict ride quality characteristics

Provid;e quaéi—steady dynamical matrices and sens or/control |

surface transfer functions

CEP

Design Phasc

C PD} DD.
-8D1 X
SD2 X X
SD3 X X
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TABLE 3-14, STRUCTURAL DYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D)

Desxgn Phase

CEP

TASKS. -.- “c 1 eDfDD.

| Gust Response (Continued)

Estélblish gust alleﬁation system reéquirements
Provide support for. conﬁguratlon demgn

CreW vibration environment -

[

Taxi and Landing BBSponse ( i - SD4 x

Eredibt landing gear and airplane response due to discrete
and random: inputs , g :

Provide fatigue and probability strength data

Support configuration des1g-n with landing gear
characterlstles

i'

Acousties and Vibrations .o ; "1 SD5- x

Predict external noise environments )
Predict noise transmission lossas
Predict internal noise environments

Estabhsh acousﬂc quahfmatlon test criteria -

l

Predlct acoustlc fatlgue life of structure

Plan acoustic fat1gue life deveIOpmental tests

%

Plan 3_.001151’;10 fagitue life verification tests

F

Predict vibration environments

Establish vibration qualification test criteria

COMPUTER PROGRAMS
‘BYT . _ Finite clement structure techniques A bx 1x

XQ4 . . NASTRAN ' . - | x

i

RZO- . Family of fi;nite element structural techniques ) o X

! ! N R B b

»

¥
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.TABLE 3-14. STRUCTURAL DYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT D)

Design Phase,
¢'{ po{DD

CEP

‘COMPUTER PROGRAMS (Continued)

AT5 Steady state finite element aerodynamic tebhniqﬁe X X
" for wing-body-tail configurations subsonic and
supersonic speeds

TS5 Steady and/or unsteady finite element aerodynamic | - lLox ) o=
technique for wing-tail configurations at subsonic ’
speeds. The program also performs flutter
analysis and computes the generalized aerodynamic

X forces for use in gust analysis.

BQS Steady and/or unsteady supersonic aerodynamic X x¥
Mach box technique wing alone '

AAS Steady and/or unsteady kernel function technique b4 X

X0Q Steady and/or unsteady supersonic aerodynamic X X
Mach hox technique for wing-tail configurations

SK5 Unsteady slender body aerodynamic technique . - - : . X X

TF2 Steady and/or unsteady subsonic aerodynamic X x{
" kernel function technique for wings with and without
control surfaces, Also, the program performs
flutter analysis and computes generalized _
aerodynamic forces for use in gust analysis.

ROS k Steady and/or unsteady, subsonic and supersonic . . X x|
aerodynamic kernel function technique for muitiple
lifting surface configurations.

UB3 Procedure for modifying the theoretical aerody- . X X
namic matrix (AT5) using experimental pressure
data.,

ROU Procedure used to aséemble experimental . - S O X X
pressure data from tape into UB3.

SZ4 Steady state aeroelastic procedure. This program X b.4
assembles the aerodynamic and structural techniqud '
to solve for the flexible aerodynamic
characteristics.
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TABLE 3-14, STRUCTURAL DYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D)

THS

BS5

BS6

TM9

SB2

SY1

CSMP

BM9

A1X

UA4

COMPUTER PROGRAMS (Continued)

Program is used to combine procedures AA8 and SK5
to formulate the flutter solution for a complete air-
plane system,

Curve fitting and interpolation procedure. This

program is used to interpolate the modes for slopes

and deflections at the aerodynamic control points
for the AA8 and BQ programs,

Program generates the data required to include the
effects of a stability augmentation system (SAS) in
the analysis of the cynamic response of an elastic
vehicle.

Curve fitting and interpolation procedure is a
modification of BS5 for.the TF2 program.

Program is used to compute the response of an
aircraft to random atmospheric turbulence and/or
discrete gusts. The program also has provision
for including gust alleviation systems,

A flutter optimization program used to resize finite
elements of a struetural simulation to obtain the
required flutter speed with reduced weight.

A taxi and landing procedure used to compute the

gear and airframe response.

Computes constant sound pressure level confours
for overall and octave band frequencies in a jet
near noise field.

Computes sound pressure levels from engine and
aerodynamic data. Computes panel response to the
noise and compares with allowable acoustic fatigue
life.

Computes far-field noise levels from basic engine
parameters.

Design Phase

-

CEP |- _

C BD Y DD
X X
X X
X x
X X
X X
X X
X X
X
X X
X X
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TABLE 3-14. STRUCTURAL DYNAMICS CEP'S AND COMPUTER PROGRAMS (CONT'D)

Design Phase

. . . ) CEP
COMPUTER PROGRAMS (Continued) C | PDY} DD
A4N Computes the effective perceived noise X X
level EPNL, footprint of an aircraft flyover B
uging engine noise characteristics from measure-~
ments or predictions by UA4,
A40 .Computes EPNL at any given point on the centerline o x 1ox
of the aircraft takeoff or landing flight paths.
A4D - Computes point ‘along the sideline where the EPNL ’ ‘ x | x

is greatest,

ORIGINAL PAGE I8
OF POOR QUALITY
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““DISCIPLINE: STRUCTURAL DYNAMICS .

., PRELIMINARY DESIGN PHASE ' ]
DISCIPLINE - Ce- ’ LUATION PROCESS: DISCIPLINE
ORIGINATING INPUT DATA EVALUATION PROCESS. SD1 QUTPUT DATA RECEIVING
INPUT DATA STATIC AERGELASTICLTY DATA

- - - - [ A
CONFIGURATION d GEOMETRY il 'L AEROELASTIC DES'GNj .
.| DESIGN . N . DEFIMITION - - . e )
[ compure;
SURFAGE DIVERGENCE
STRUCTURAL G STRUCTURAL CONTROL SURFACE REVERSAL
ANALYS|S _ DEFINITICN, ¥ r— .
ESTABLISH >
REQD. IS DESIGN ACCEPTABLE
L MATERIAL
MATERIALS Y erosertics M | STIFRNESS v - ELASTIC AP 6 STABILITY
- = STABILITY AND
PREDICT FLEXIBLE AIRPLANE DERIVATI VES CONTROL
co. Lyl AEroDYNAMIC AERODYNAMIC DERIVATIVES .
AERODYNAMICS ’I CHARACTERISTICS [T N L ){ sTiemess - {TolLal sTrRucTuRAL
NO REQD 4
—( IS STABILITY ACCEPTABLE ) : i . ‘SE‘Q%\? 1> &
G MASS ' -
WEIGHTS }{ PROPERTIES —} YES ___' RECOMMEND | | |- LocAL SLOPES
T BESIGN CHANGE AND DEFLECTION
- OF IIG SHAPE e
1GADS AND G' LOAD FACTOR y COMPUTE JiG SHAPE FOR —)l AERODYNAMICS J
CRITERIA .6 ETC. SELECTED CONDITION " OCAL SLOPES ;
i 4 _’I DERECTIONS [ -
STABILITY . PREDICT FLEXIBLE AIRPLANE : —
AND TRIM ANGLE SHAPE FOR OFF DESIGN COND, :
OF ATTACK i ELASTICAR | ot - LOADS
CONTROL ETC. ’ 4 DISTRIBUTED - ' AND
i PREDICT FLEXIBLE AIRPLANE | LOADS | CRITERIA
LOADS FOR SELECTED COND. - e T
N + L AIRPLANE GiLyl " CONFIGURATION
PROVIDE SUPPORT FOR - * " - )IG SHAPE _"’L S-E’?.FGN .
CONFIGURATION DESIGN ETC ' :
PROVIDE SUPPORT FOR Al STIFFNESS G|L WIND
WIND TUNNEL MODEL DESIGN ¥| CHARACTERISTICS . TUNMEL

TFigure 3-135. “Static Aeroelasticity
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DISCIPLINE: STRUCTURAL DYNAMICS
PRELIMINARY & DETAILED DESIGN PHASE

-

. EVALUATION PRO
AP FLUTTER ANALYSIS &

CESS:SD2
PANEL RLUTTER

OUTPUT DATA

DISCIPLINE
© "RECEIVING
DATA

A . .
GENERATE FINITE

ELEMENT MO DEL
"STRUCTURAL MATRIX

DISCIPLINE .
ORIGINATING INPUT DATA
INPUT DATA
L. GEOMETRY DEFINITION
0.|¢ | ATRPLANE EXTERNAL
g?g'féﬁ”mm” = SHAPE, AR, A, A, th,
THICKNESS DISTRIBUTION, | .| |
£TC. €3
s : MATERIAL PROPERTIES
16| E 6, ALUMINUM )
MATERIALS (==} TITANIUM, FILAMENT )
L'l GRIENTATION COMPOSITE
MATERIALS ETC,
- -] STRUCTURAL DEFINITION
STRUCT. ARRANGEMENT,
STRUCTURAL | T. )| EOX SKIN GAGES, SPAR/ L
DESIGN 6. |LI| RIB CAP AREAS, WEB "
GAGES, L.E. AND T.E.
FLAP STRUCTURE ETC,
werchrs G0y mass propeRiLEs
\ WEIGHT DISTRIBUTION
CONTROL SYSTEM DATA
STABILITY & |G T) SENSOR LOCATICNS,
CONTROL FEEDBACK LOOPS
A e - )
\
i
* A

il
MODAL
'INTERPOLATOR

.
i
<

]

DESIGN \
SATISFACTORY

FOR PANEL
FLUTTER

GENERATE UNSTEADY AERODYNAMIC
MATR1¥ AND ASSEMBLE DYNAMIC

AEROELASTIC MATRIX

" |. PREDICTION AND

DESIGN CRITERTA FOR

PREVENTION OF PANEL
FLUTTER

DESIGN

FLUTTER

Al L aw

SATISFACTORY"
FOR AlP

QuiPUT

L

FLUTTER SUPPRESSION
8Y ACTIVE CONTROL
SYSTEM

FLUTTER
OPTIMIZATION

FLUTTER SPEED

 STIFFNESS
REQUIREMENTS

WEIGHT
CHANGES

SENSOR LOCATIONS
AND FEEDBACK
CHARACTERISTIC
GAINS

58
32
& B
gg
B

‘G| "4 CONFIGURATION
DESIGN

G,| La[ STRUCTURAL .

Pl DEsicn

6.l L

: }‘ WEIGHTS

6.l 7 STABILITY
AND

¢+ GONTROL

Figure 3-126, Aircraft Flutter Analysis and Panel Flutter
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DISGIPLINE : STRUCTURAL DYNAMIGS
PRELIMINARY & DETAILED DESIGN

DISCIPLINE
ORIGINATING
INPUT DATA

ENPUT DATA

EVALUATION PROCESS.SD3
AP GUST RFSPONSE ANALYSIS

A

GENFRATE FINITE
FITMINT MODNEL
STRUCTURAL MATRIX

[ONGITUDYNAL
AND LATTRAI
QUASI-STRADY

MODAL
INTFRPOLATOR

DYNAMIC
MATRIX

-

_'?-.4-.

GINTRATE UNSTTADY ATRODYNAMIC
MATRIX AND ASSIMBLT DYNAMIC
AFROTLASTIC MATREX AND
COMPUTT AIRPLANE RESPONSE

Il

NrsiGN
SATISTACTORY
TOR

conricuration] 0 ld ]
DF S IGN F GEOMPTRY DTFINITION =
| e ) \
MATFRIALS MATTRIAL PROPTRTICS )
STRUCIURAL |T _ X
DI SIGN = L)[smuuunm DFE INITION e
GiT _ X
WEIGHTS MASS PROPERTIFS )
sTABILITY | 6T
% CONTROL —-;l CONTROL SY$ DATA

STRUCTURAL | &IT
DYNAMICS

DATA

.l

—)

OUTPUT

A
GUST ALLEVIATION
SYSTEM
Iy
)

oUTPUT

DI SCIPLINE
OUTPUT DATA RECEIVING
o DATA
= Gl
RIDE QUALITY PERFORMANCE
G
.
QUAS|-STTADY Tl | sTABILITY &
DYNAMIC MATRIX EONTROL
.
SENSORICONTROL | 1| ¢
SURFACT TRANSFFR b=
FUNCTI (NS
FATIGUE &
PROBABILITY [ .| LOADS &
STRENGTH R TERIA
TRANSFFR
(UNCTIONS
2 |
§r550| ONSF G L_} STRUCTURAL
A NO DYNAMICS
CREW
VIBRATION GlL

TNV IRONMINT
H

Figure 3-127, Aircraft Gust Response Analysis
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© FLUTTER SYMMETRIC ANALYSIS v 5
® GUST RESPONSE | §§
g
FLEXIBILITY MATRIX 5@
X "8
NATURAL MODES OF VIBRATIONS
AND GENERALIZED MASSES
- 5
MODE INTERPOLATION
£ ‘ e ’ -y ‘mﬂﬂ
WING AERO HORIZONTAL TAAL AERO ~ FUSELAGE AERO
SAS SYSTEM  |—===—=4i TOTAL AIRPLANE AERO

QUAST-STEADY

69T

| VERTICAL GUST
FLUTTER RESPONSE DYNAMICAL MATRICES
OUTPUT OUTPUT OUTPUT

Figure 3~128. Flow of Programs, Symmetric Analysi s
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e FLUTTER
® GUST RESPONSE

FLEXIBILITY MATRIX

1

NATURAL MODES OF VIBRATIONS
AND GENERALIZED MASSES

] ANTISYMMETRIC ANALYSIS

SAS SYSTEM | =—=N TOTAL AIRPLANE AERO

FLUTTER

4

OQUTPUT

LATERAL GUST
RESPONSE

1

OQUTPUT

- -
MODE INTERPOLATION
T - —
WING AERO HORIZONTAL TAIL AERO FUSELAGE AERO VERTICAL TAIL AERO _l

[ATERAL QUASI-STEADY
DYNAMIC MATRICES

3

QUTPUT

Figure 3-129. TFlow of Programs, Antisymmetric Analysis
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DISCIPLINE: STRUCTURAL DYNAMICS
PRELIMINARY DESIGN PHASE

EVALUATION PROCESS: Sb4

DISCIPLINE DISCIPLINE
ORIGINATING INPUT DATA AIRCRAFT TAX! AND LANDING OUTPUT DATA RECEIVING
INPUT DATA ANALYSIS : DATA °
?FOONMETR[C DEFINI~ TIME HISTORY | 4
o A RPLANE EXTER -+ RESPONSE DUE P+ LANDING
cgmﬁuamlow g [NRPLANE EXTER- 4 1, GENERATE FINITE ELEMENT TO LANDING - GEAR DESIGN
D X, A t/C THICKS MODEL STRUCTURAL MATRIX .
NESS DISTRIBUTION, A
ETC. TIME HISTORY R
RESPONSE DUE| o~ |™T™| LOADS AND
MATERIAL PROP- » TO RANDOM OR 2»l~1»! CRITERIA

ERTIES

,G|E, G, METALLICS
MATERIALS ™ FILAMENT ORIENTA-™
TION, COMPOSITE
MATERIALS, ETC,
STRUCTURAL AR~
T,G,L| RANGEMENT BOX
SKIN GAGES, SPAR/
SERUCTURAL | Lol RiB CAP AREAS, |+
WEB GAGES, L,E,
AND T.E. FLAP
STRUCTURE, ETC, .
MASS Ti [ WEIGHT 1
PROPERTIES "1 DISTRIBUTIONS
LANDING G,L ""NOSE AND MAIN
GEAR DESIGN "| GEAR DATA

k. 4

DISCRETE IN-
PUTS FOR TAXI

GENERATE DYNAMIC EQUATIONS USING
THE CONTINUOUS MODELING PROCEDURE
{CSMP)

3

AERODYNAMICS

STRUCTURAL

DYNAMICS

v

AERODYNAMIC
CHARACTERISTICS

TOTAL A/C LIFT AND
MOMENT DATA

h A

v

\ A

DATA RANDCM

RUNWAY PSD,

DISCRETE BUMPS

A 4

E
o]
.

5
4
Ep

Figure 3-130, Aircraft Taxi and Landing Analysi.
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DISCIPLINME:

STRUCTURAL DYNAMICS

PRELIMINARY DESIGN PHASE
DISCIPLINE ' DESCIPLING
EVALUATION PROCESS : SD5
ORIGINATING INPUT DATA QUTPUT DATA RECEIVING
INPUT DATA ACOUSTIC & VIBRATION ANALYSES DATA
ENV| RONMENTAL RLCOMMLNDLD LNV IRONMENTAL
ECS 4| PREDICT INTERMALLY X ) 5
CONTROL SYSTEM -}‘ DLSIGN CONTROL SYSTEM
NP CHARACTERISTICS P| GENERATED NOISE | DLSin vt
'4—
CREW y|  PREDICT NOISE INFERNAL S\ YES [, <= CREW
COMPARTMENT --)‘ gﬁi‘g&%;’g’#lcs T TRANSMISS ION zgﬁgéc&\;‘g‘ga“m ) NOISE MEETS = =h COMPARTMENT
DES|GN B L0SS pmem el CRITERIA o DESIGN
Fon 27
ARMAMENT __" GUN a | hooustioa | ]
c Lol
DESIGN HARACTERISTICS L Srn
. - L) cuieiaT
INTERNAL’ PROPULSFON PREDICT AIRCRAFT PREDICT FAR-FIELD "\ YES - , DISIGN
AERO-PROPULSION bl SYSTEM | EXTERNAL NOISE }| FAR-HLLD NOISE e} NOISE MEETS =
DESIGN CHARACTERI STICS ENVIRONMENT EAV I RONMENT CRITERTA -
) 1 VIBRAT1ON PROPULS 10N
R QUAL TLSI — + DES IGN
USAGE PREDICT CRITERIA
PERFORMANCE (M| prociis e VIBRATION 4
ENVIRONMENT
| —— | recawmenpED .’[
CONF1 GURAT 10N DESIGN & USAGE == PERFORMANGE
DS IGN TH  ExteRNAL "I chaces '
ARRANGEMENT
= RECOMMENDED
STRUCTURAL || n STRUCTURAL b DESIGN 1Y C?é“"(l;GURATION
DESIGN DEFINITION CHANGES DESICN
— PREDICT ACOUSTIC N\ UYES] {ACOUSTIC FATIGUE
WATERIALS P ATERIAL N RCousTic FATIGUE LIFE Smato}| LIFE VERIFICATION '*...31;2.”3;”““
ol FATIGUE LIFE ADEQUATE TEST PLANS l
TEST Ly STRUCTURAL ACOUSTIC FATIGUE
LABORAU}{ y ED%QE#\ENT TEST =l LIFE DLVELOPMENT = ' ILE\%TORATORY
/f TEST PLANS -

Figure 3-131,

Acoustic

and Vibrations Analysis




TABLE 3-15. THERMAL ANALYSIS CEP'S AND COMPUTER PROGRAMS

Design Phase

CEP

TASKS C ) PD§ DD
Aerothermal Environment Analysis To1 X x| x

1. Flow Field

2, Cold Wall Heat Flux

3. Radiation Equilibrium Temperature
Pinite Difference Structural Temperature Analysis Tol b4 x{ x
COMPUTER PROGRAMS
P5613 Aerodynamic/Structural Heating x %
P2162 Variable Boundary Heat Conduction Program X X{ X
P4560 Thermal Analyzer x| x

S
ORIGINAL PAGE
OF POOR QUALITY,
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DISCIPLINE: THERMAL ANALYSIS
ALL DESIGN PHASES

DISCIPLINE EVALUATION PROCESS: TO1 DISCIPLINE
ORIGINATING INPUT DATA THERMAL ENVIRONMENT AND ° OUTPUT DATA RECEIVING
INPUT DATA. STRUCTURAL TEMPERATURES DATA
AERODYNAMICS DL | ENVIRONMENT ® LOCAL PRESSURE
THERMODYNAMICS [G.5 7] GROUND > s Prow FIELD | WALL SHEAR > aTALYSIS T
FLIGHT STRESSES >
A
o} | EomeTRY - ¥ ®
gggfgﬁ“"”m“ R gi.’;fENR'm_N OF > COMPUTE RADIATION
frr HEAT FLUX TEMPERATURE iy
Lo A
MATERIALS [Tl MATERIAL !
PROPERTIES COMPUTE ©
RADIATION AL Al | sTRUCTURAL
EQUILIBRIUM CEADIENTS DESIGN.
TEMPERATURE |,
A
¥
COMPUTE @
STRUCTURAL
TEMPERATURE
GRADIENTS A

wOTE:

THIS PROCESS [S USED FOR CONCEPTUAL
PREDE SIGN AND DETAILED DESIGN PHASES,
PROCESSES (@)@ ARE USED MOST
EXTENSIVELY DURING PRELIMINARY DESIGN,
WHILE PROCESS (4) IS USED MOST EXTENS-
IVELY IN DETAILED DESIGN,

Figure 3-132. Thermal Environment and Structural Temperatures
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-

STRUCTURAL DESIGN
LAYOUT PRELIMINARY
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®

| YES
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Figure 3-133.
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| STRUCTURAL DESIGN
"1 @ PREPARE BASELINE
SR . STRUCTURAL ARRANGEMENT
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MENT DRAWING & OTHER TECHNICAL
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¢ PREPARE STRUCTURAL SPECS
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I@ CONFIGURATION

LAYOUT
(PRELIMINARY DESIGN)

®

THERMODYNAMICS
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-~ INLET ANALYSES
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AERODYNAMICS

-
|
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Figure 3-134, Preliminary Propulsion Installation Definition.
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LANDING GEAR DESIGN INPUTS

USER REQUIREMENTS
¢ FLOTATION ‘
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- DRAG CHUTE
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Figure 3-135, Preliminary Landing Gear Definition
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Figure 3~136. AGE Analysis for Prelimin;a.ry Design
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Figure 3-187. Secondary Power System Preliminary Design Definition Process
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Figure 3-139. Preliminary Armament System Definition




