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and indicates trends when paraneters are varied. Fighters, bonbers, and cargo 

aircraft can be analyzed by the proiJ'llft. The prop-• operates within 100,000 

octal units on the Control Data Corporation 6600 ~ter. 1'«> stand~alon9 pro­

gram operating within 100,000 octal units were also developed to provide 

optional data sources for 9EEP. These include (1) the fle;xible airloads 

program to assess the effects of flexibility on lifting surface airloads, and 

(2) the flutter optimization progran to optimize the stiffness distributioo 

required for lifting surface flutter prevention. 

The final report is carposed of 11 volumes. This volume (Volwne IX) 

contains the instructions and input descriptions for use of the integrated 

SWEEP program. 
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PREFACE 

This report was prepared by Rockwll International Corporation, Los 
Angeles Aircraft Division, Los Angeles, California, ll'lder Contract 
F33615-71-C-1922, No. FX2826-71 -01876/C093. The work was perfonned for the 
Deputy for Developnent Plarming, Air Force Syst em Camland, \fright-Patterson 
Air Force Base, Ohio, and extended frcm Septeri>er 1971 to ~Wle 1974. 

Eugene L. Bahns, ASD/XRI-ID, was the Air Force program manager. Leonard 
Ascani was the program manager for Rockwell International. Other Rockwell 
personnel contributing to the project included: 

G. Hayase - ?-nss Properties 
R. Hiyama - Pnss Properties 
D. OuLl.off - Mass Properties 
C. ?tlrtindale - P-tlss Prope::-ties 
H. Rockwell - Mass Properties 
R. Allen· - Mass Properties 
P. Wilde1T111th - Airloads 
G. Rothamer - Airloads 
T. Byar - Airloads 
S. Siegel - Stnactural Dynamics 
S. Mellin - Structure and Fatigue 
H. Haroldson - Thennodynamir.s 
D. Konishi - Advanced Coq>osites 
C. Hodson - Stnactural Dynamics 

Tile final report was published in 11 volumes; the canplet~ list is as 
follows: 

Volume 

I ''Executive Sl.lllllary'' 
II "Program Integration and Data Management Pbdule" 
III "Airloads Estimahon P-t>dule" 
IV ''Material Properties, Structure Teq,erature, Flutter, and Fatigue" 
V "Air Induction System and Landing Gear r.bdules" 
VI ''Wing and P.mpennage P-t>dule'' 
VI I "Fuselage ~dule" 
VIII ''Prograrrmer' s Manual" 
IX "User's l,anual" 
X "FlutteT Optimization Stand-Alone Program" 
XI "Flexible Airloads Stand-Alone Program" 
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INI'R.OllJCTION ID VOLlME IX 

This volll!le contains instructions for the operation of the Structural 
Weight Estimation Program (SWEEP) developed under contract F33615-71-C-1922. 
Included are descriptions for deck setup, required input data, and program 
controls. Options for in?,lt of design data and operations of special features 
of the program are also described. 

Options are provided for the generation and ptmching of design and mass 
distribution data for use with the Flutter Optimization Program and the 
Flexible Loads Analysis Program also developed 1.Dlder this contract. User 
instructions for these two programs are described in VollDlle X and XI, 
respectively. 

9 



Section I 

PROGRAM OPERATION 

INl'ROru:TION 

The analytical structural weight prediction procedure in SWEEP is an 
integration of methods fonnulated to describe design criteria and constraints 
of aircraft components, synthesize structure to these requirements, and 
develop mass properties data. The various procedures, engineering methods, ' 
and coq,uter progranmi.ng techniques used in SWEEP provide comprehensive 
structural weight data in a single computer nm. 

The program is structured in a modular fonn which provides the user with 
multiple modes of operation. It is designed to operate as a fully integrated 
system such that compatible design constraints are satisfied during analysis 
of each structural component. SWEEP can also be used in stand-alone modes to 
evaluate individual components or develop design criteria. A stacked case 
capability is also provided which pennits variation of any single design 
parameter without repeating other data. 

The progr8J!llled approach provides flexibility in the type of problem that 
may be addressed and the magnitude of data that may be input. It is possible 
to execute any conbination of modules appropriate to the problem by inputing 
only the pertinent data decks. The modules are groups of routines that per­
fonn related computations in the structural design and synthesis process. 
The 10 SWEEP modules which perfonn control and/or computational functions are: 

1. The executive module, level (0,0) overlay, calls the data processing 
module and other modules as specified in the control data. 

2. The data processing module, level (1,0) overlay, reads all input 
data, initializes mass storage, and transfers variable data to the 
fuselage and air-induction system data blocks. 

3. The data management module, level (2,0) overlay organizes vehicle 
geometric data and design criteria for the loads module. It develops 
initial estimates of weight and inertia characteristics for a three­
dimensional model of the flight vehicle. In addition, it calculates 
data required for the weight synthesis modules. 

4. The flutter and temperature module, level (3,0) overlay, detennines 
the coq>ressible dynamic pressures which are critical for flutter 
prevention design of the wing, horizontal, and vertical tails. It 



also calculates equilibrium skin temperature for each flight design 
condition. This rodule is called after execution of the data 
management rodule. 

S. The loads module, level (4,0) overlay, calculates gross airloads on 
each structural conponent and distributed airloads on wing and 
tail surfaces. This roodule can be requested to evaluate up to 23 
different flight design conditions. When directed, it also calculates 
wing bending rooment fatigue spectrum data for fatigue analysis. 

6. The fatigue roodule, level (S,0) overlay, evaluates spectrum data for 
wing and fuselage components. The allowable design tensile stress 
of the lower cover is the result of the wing fatigue analysis. The 
tensile stress allowable under pressure cycling and th~ endurance 
limit for sonic fatigue analysis are calculated for fuselage panel 
design. 

7. The landing gear roodule, level (6,0) overlay, estimates the weight 
of the running gear . .Analytical, enpirical, and statistical methods 
are elll)loyed to calculate colll)onent weights. 

8. The air-induction system roodule, level (7,0) overlay, estimates the 
weight of the engine section, nacelles, and air-induction systems. 
The air-induction system estimating procedure includes methods for 
fixed ducts, variable-geometry raJJt>S, and three-dimensional inlet 
spikes. 

9. TI1e wing and ernpennage rodule - level (8,0) (9,0), (10,0), (14,0), 
(15,0), (16,0), (17,0), and (18,0) overlays - estimates the weight 
of the wing, horizontal tail, and •ertical tail. In the integrated 
form, execution of this module is repeated for the analysis of each 
surface. Structural concepts, optimization, options, and materials 
are some of the program variables. 

10. The fuselage rodule, level (11,0) and (12,0) overlays, provides 
fuselage weight estimates. The weight estimates are a product of 
the evaluation of geometry, construction, materia properties, 
tenq>erature, loads, pressure, acoustic fatigue, flutter and stiff­
ness requirements, and design features. 

11. The output roodule, level (13,0) overlay, presents the group weight 
statement and balance results of the synthesized vehicle as well as 
a summary of the initial design assunq,tions. 

11 



Geometiy definitions are based on mathematical approximations of vehicle 
physical features and structural arrangements. These definitions provide for 
""ight sensitivity to configuration geometty and to geometric variations. The 
structural synthesis/weight analysis roodules are designed to analytically 
evaluate design requirements and criteria and to synthesize structures for 
specified materials and stnJCtural concepts. Structural elements are analyzed 
to satisfy strength, stiffness, life, local stability, and general stability 
requirements. The synthesis can be controlled to produce material sizing 
reflecting unconstrained "optimum" structural arrangements or to evaluate 
material requirements for design constraints resulting from conpromises due 
to cost, producibility, maintainability, or unique local considerations. Some 
of these design constraints are: 

1. Specified frame, stringer, rib, or spar spacings 

2. Longeron locations 

3. Frame or stringer geometry li.Jpits 

4. Material minimum gages or fabrication mini.nn.uns 

S. Cutout sizes and locations 

6. Bulkhead locations 

Program logic is provided so that options are available to (1) control 
the scope of the analysis and the types of design infonnation to be printed, 
and (2) provide for bypassing certain design data computations by inputing 
the pertinent infonnation. The latter approach would be employed to substi­
tute advanced engineering data which become available during the design cycle. 
Exaq>les of this type of data are local description of geometry, gross design 
or net loads, and flutter stiffness requirements. 

PROGRAM DESCRIPTION 

SWEEP is an integrated program written in FORTRAN IV for the CDC 6600 
colll)uter system at \\'PAFB. It is programned in ioodular form using one level of 
overlay. The main overlay consists of the SWEEP control program, OLAYOO, 
which is identified as overlay (O,O). Specific control, data manipulation, 
and COJll)utation functions are perfonned in subprograms identified as overlays 
(n,O), where n is the unique integer assigned to each primary overlay. 

The basic program is structured to operate within a total of 50,000 octal 
(20,480 decimal) core locations. An appended ver~ion of SWEEP, prograrraned for 
analysis of advanced composite wing and empennage torque-box structures, is 
designed to operate within a total of 100,000 octal core locations. 

12 



In order to operate within the foregoing CDC col11)uter core size restric­
tion, certain analysis ftmctions are perfonned by groupings of (n,0) overlays. 
The designation "nodule" is assigned to tmique ftmction overlays and to 
groupings of ftmctional overlays. Table 1 shows the 18 primary overlays which 
constitute the 10 program modules. Overlay (18,0) is the ~\dvanced coq>osite 
structure link, the only link structured to the 100,000 octal core size 
restriction. 

Figure 1 shows the flow of input and calc lated data througn the 10 
operating modules and the relative order of execution of these rodules. The 
SWEEP control program controls the. execution of each problem case. It occupies 
the main level of the overlay system and ronitors execution for initializa-
tion of problem data, design data development, structural weights analysis, 
and output of final results. 

OPERATING CONSIDERATIONS 

As an integrated engineering program, SWEEP requires three types of 
external data: (1) an input set of program analysis control data, (2) input 
data sets that are use<l to describe the design problem, and (3) a data 
bank col11)ilation of engineering data from which necessary design infonnation 
can be drawn, as required. Problem analysis and output control information 
are input to SWEEP primarily through two case control cards. M:>dule execution 
and development of required design data are governed by case control card 2. 
Problem design information is described through 11 discrete input data blocks, 
Table 2, each containing pertinent variable data required for execution of 
related Sl'.F.EP operating modules. 

Problem definition and program controls require col11)atibility between case 
control card 2 instructions and variable data blocks. Program execution 
requirer.ents for design data development, weight analysis, and output are 
shown in Table 3. This table presents minimum and optional execution require­
ments which can be el11)loyed for the range of problem types. 

The rodules of SWEEP logically interpret the problem design infonnation, 
convert them into engiii.eering data, and order the results properly for all the 
evaluation routines. Mass storage file~ are used to transmit design information 
from the data processing and des ign data modules to th1;> weight analysis modules. 
These modules perfonn the necessary structural synthesis /weight analysis; the 
primary result is a set of weight estimate$ for the major structural coJll)onents. 

13 
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TABLE 1. K>WLE DESIGNATI~ AND GROUPING 

l-t>dule Name , todule Type Overlay Control Routine Name 

Input data processing Data processina (01, 0) READ 

Data management Data Jevelopment (02,0) DATAIN 

Flutter and Data development (03,0) OLAY3 
teq,erature 

Airloads Data development (04,0) BU~HL 

Fatigue Data development (05,0) FATGUE 

Landing Gear Weight analysis (06,0) LANDGR 

Air induction system Weight analysis (07,0) AIS~ 

Wing and e~age w~ight analysis (08,0) OLAYS 
(09,0) OLAY9 
(10,0) OLAYlO 
(14,0) OLAY14 
(15,0) OLAYlS 
(16, O) OLAY16 
(17,0) OLAY17 
(18,0) OLAY18 

Fuselage Weight analysis (11,0) FUSOl 
(12,0) FUS02 

Final output Output (13,0) OUTPUT 

INPUT DATA PROCESSING 

The input data processing roodule organizes data bank data and input 
variable design data in mass storage file records at the start of each problem 
case. CoJl1)utational flow instructions from case control cards 1 and 2 and 
certain key variables from the input design data are stored in labeled colllDOll 
locations for access by each module. 
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TABLE 3. LOGIC AND llt\TA ~IRBtENTS FOR EXEaJI'ION OF SWEEP t.mJLES 

Indicator and Reqd 
Data Deck 

Ccmtrol Card 2 
Module C.01\JIDl Data Deck Discussion 

Data management None GF.NERAL Data management and flutter and 
temperature modules are executed 
in each case in which "GENERAL" 
is read 

Flutter and Nale GF.NERAL This nmule uses speed~altit ude 
tenperature profile and geanetry data fran 

the data management module 

Airloads 71 GF.NERAL This nx>dule requires data fran 
the data management module fran 
the same case or a previous 
case. Detail execution con-
trols are in control card 2 
coltmllS 1 through 38. 

Fatigue 78 FATIGJE This module may be executed as 
a stand-alone program or with 
spectrum data created by the 
airloads module. 

Laooing gear 74 LG This module may be executed as 
a stand-alone program or with 
design data fran the data man-
agement nx>dule. 

Air induct iOJl 77 AIS This module may be executed as 
system a stand-alone program. If 

"GENERAL" data are part of the 
inp.it case data, certain vari-
ables are transferred to the 
"AIS" data record. 
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TABLE 3. LCXiIC AND DATA REQ.JIREt.£NTS FOR EXEClJI'ION OF 
SWEEP ~IXJLES (COOCL) 

Indicator and Reqd 
Data Deck 

c.ontrol f.ard 2 
~le C.Olumn Data Deck Discussion 

Wing and 39-40, 72 WING This module may be executed as 
empennage a stand-alone program. Loads 
(wing) may be defined either in the 

''WING'' deck, the ''MN ~" 
deck, or by the airloads a>d-
ule. Flutter data may be 
defined in the ' 'WI~' deck or 
obtained fran the flutter and 
temperature module. 

Wing and 41- 42 , - HORIZ<NI'AL Refer to wing discussion. 
empennage 
(horizontal 
tail) 

Wing and 43-44, 76 VERTICAL Refer to wing discussion 
empennage 
(vertical tail) 

Fuselage 73 RJSELAGE This module may be executed as 
a stand-alone program. If 
"GENERAL" data are part of the 
input case data, ~ertain vari-
ables are transferred to the 
"RJSELAGE" data rec.ord. 
Inertia and loads data may be 
obtained through execution of 
the data management, flutter 
and temperature, and airloads 
module or by input of the 
"INERTIA" and "RJS LOADS" 
decks. 

Final output 79 GF.NERAL This module requires data from 
the data management module from 
the same case or a previous 
case 
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DESI~ MTA DMLQP,,ENT 

The desian data development modules interpret input vehicle desian 
specificatians and aecmetiy data and caq,ute detail design data for use in 
evaluatina the str1.1ctural Call)CMllts. MJdules progranmed for design data 
development are: 

1. Data management mdule, overlay (2,0) 

2. Flutter and teq>erature mdule, overlay (3,0) 

3. Airloads mdule, overlay (4,0) 

4. Fatigl.J mdule, overlay (5,0) 

STROCTURAL WEIGrr ESf lMATI~ 

Air vehicle stnJCtural caip:,nent weight analysis modules calculate 
structural weights for: 

1. Wing (refer to Vol1.111e VI) 

2. Horizontal tail (refer to Volume VI) 

3. Vertical tail (refer to Voll.Ille VI) 

4. Fuselage (refer to Vol\1118 VII) 

S. Landing gear (refer to Voll.Ille V) 

6. Nacelles, engine sectim, and air-induction system (refer to 
Volume V) 

Coq>uted weights are derived so that detail weight data are available at the 
end of the evaluation phase. t.bdules which evaluate these coq>a1ents may be 
operated in stand-alone nxles or in the integrated mode, using data from the 
desian data development DK>dul.es. 

OllfPUT 

Several levels of printed output are provided from the modules that are 
executed in the COIJl)Utation process. Sumnaiy weight results and error and 
warning messages are standard program output. Other types of pro~ram output 
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are controlled through user selection of print indicators on case control 
card 1. hese include: 

1. Details of weight analysis results 

2. Details of structural synthesis results 

3. Details of design data and requirements 

4. Details of intennediate program calculations 

The basic output, Figure 2, is the integrated sununary of results from 
each of the weight analysis modules. This sUJ111lary is organized in the final 
output JOOdule, overlay (13,0). Initial assumptions (Figure 3) and dimensional 
and structural data (Figure 4) are other sunmary infonnation printed by the 
final output JOOdule. The estimated weight sllJlll'\ary for problem case vehicle 
design is printed only if the final output module is executed. Execution of 
this module is requested by a code value of (0) in column 79 of case control 
card 2. This module should be executed only for problem cases in which esti­
mated and/or calculated data are available for module input. Module data, 
stored in mass storage file records and in labelled conmon arrays, are initi­
ally set up by the data management module and subsequently changed with calcu­
lated vehicle component data by the weight estimation modules. 

The final output summary should be requested for all problem cases in 
which the complete vehicle is evaluated. This sununary may also be requested 
for all single- or nultiple-component-only cases in which the data management 
module is executed. In cases where the data management module is not executed, 
program error will occur when single- or nultiple-component-only cases are set 
up (1) as the initial case in a job, or (2) any case in which input data 
arrays and mass storage file records are initiali zed through the code value 
of (1) in column 80 of case control card 2. 

All vehicle component weight sununary data are printed automatically at 
the conclusion of the analysis by executed weight estimation modules. Printed 
JOOdule weight surrmary 011tputs are presented in Figures 5 through 10. 

Error and warning messages are printed when data compatibility problems 
are •!ncowttered or when problem definitions are beyond the program limitations. 
These messages describe the problem and the path taken to circumvent the 
situ;ltion. lhis allows for completion of downstream computations which may 
produce wtrelated errors. 
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INPlJf DATA DECK SE1UP 

A deck setup for SWEEP is shown in Figure 11. In this arrangement, the 
first file of program tape PA2 nust contain object decks of all SWEEP pro­
grams, subroutines, and function subprograms, previously arranged in the 
required overlay structure by use of the COPYLIB operation. The last record 
on the tape nust contain the c~lete SWEEP data bank stored in card image 
fonnat. The first nine cards in the deck are COC system control cards for 
the job setup, rounting of the program tape, and system processing of the 
program for the execution of the first case. The COC PPLOADER is required 
for program execution within 50,000 octal core locations for the basic SWEEP 
program (metallic design, with durrmy overlay (18,0)). For the SWEEP advanc:ed 
composite version (with overlay (18,0)), use of the PPLOADER will allow pro­
gram execution within the indicated 71,000 octal locations. These restric­
tions assume that all object decks were canpiled under the OPf=2 option. 

Each case shown in Figure 11 represents a new problem to be analyzed by 
SWEEP. As shown, each case must start with two title cards, followed by two 
case control cards and the necessary variable data decks, and terminate with a 
case termination card titled "EXEClfl'E." Independent problems and/or related 
problems may be set up and executed with discrete cases. In tandem case 
setups, the required elements for each case nust be properly arranged and the 
variable data decks nust contain the necessary infonnation or changes in infor­
mation required for that case. The two title cards, the two control cards, 
and the case termination card nust be included in each case. Data decks are 
included only as required. For examp1e, if only the print indicators are to 
be changed from the preceding case, no input data decks would be included. 
Proper execution of SWEEP requires compatibility between the instructions on 
the control cards and the input data decks. 

CASE TITLE CARDS 

Two title cards for each case nust be included for each case data set. 
These cards may contain up to 80 alphan\Jlleric characters for case descriptions. 
These case titles are printed for identification purposes on printed outputs 
for the case. 

CASE CONTROL CARDS 

Two case control cards are required in each case, following the case title 
cards. The first, control card 1, contains optional output print control 
indicators. The second card, control card 2, contains rodule execution and 
analysis control infonnation. 
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Control Card 1 

Optional print and punch card outputs £ran SWEEP is controlled by data 
contained in control card 1. Additional data from the wing and empennage 
roodule can be printed under control of inJX,lt data locations 271, 280, and 574 
through 578 of the wing, horizontal tail, and vertical tail input data decks. 
Descriptions of these data locations can be found i.n Section VI of this 
vohune. 

Infonnation in each col\Jlll of control card 1 instructs the affected 
SWEEP routine if output is required. A zero or blank indicates "print"; a 
1 indicates "do not print." The subroutines in which these indicators are 
used to control printed output are presented in Table 4. If a second sub­
routine appears in parenthesis, such as PRTG (GECM\') for colurm 6, this means 
that the subroutine PJUG does nothing except print, and this indicator is 
used in subroutine GECJ.tl to call subroutine PRTG. Saq,les of output printed 
under control of each colunn can be found in Appendix A of this volume. 

Since only one print control cards is used per case, printed output for 
wing and empennage analysis will include similar data under control of 
columns 3 through 38. 

Control Card 2 

Control card 2 contains input comnands for airloads ;nodule analysis in 
columns 1 through 38, metallic or advanced composite analysis indicators for 
wing and empennage analysis in columns 39 through 44, program flow indicators 
in collDllnS 71 through 79, and in column 80, an indicator to reinitialize mass 
storage files from pennanent data during execution of the second and subse­
quent cases. The definiti ons for the control data required in control card 2 
are presented in Table 5. 

Ai loads module indicators are input as two-digit integers in the coll.DTlnS 
shown. If this JOOdu e is not executed (column 71 on control card 2 equals 
one), these indicators, except for the second and third, are not used and may 
be left blank. The second and third indicators (colunns 3-6) are also used 
by the data ,11anag ment JOOdule, so required information must be input in each 
case in which the "GENERAL" variable data deck is input. 

Wing and eq>emage construction indicators, c.vlun~s 39 through 44, must 
be used to indicate the type of analysis for each surfacf:. The status of 
these indicators is used by the SWEEP control program to d~t ermine which of 
the wing and eq>emage synthesis overlays to execute. In metallic designs, 
overlays (9,0) and (10,0) are executed, while overlay 18,0) is executed for 
advanced coq>osite designs. Coq>atible data in the input data hlocks for 
each surface nust be included. 
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TABLE 4. C.ASE aM'ROL CARD 1 - PRINT INDICA1URS 

Control 
card 1 Sample 
Col\JID'l Page 
(IP loc) Routinea Reference Overlay Description 

1 READ 413-463 (1,0) Pennanent data, first case only 

2 READ 464-476 (1,0) case data 

3 CCNTL 573-576 (8 ,0) WD array, some of D-array before data 
transfer, total D-array, SPAL array 
(record 38) 

4 GEO.C 577 (8 ,0) YC, YTC, and TAF arrays 

5 IMAJC 578 (8 ,0) Values from YTC, YC, and TAF arrays 
ABOXC (8 ,0) Values fran ITC and TI arrays 
TB\~ (8 ,0) Title for 111.A.X print 

6 PRTG 579-581 (8 ,0) Detail geanetry 
(GEOl'I) 

7 GE01W 582 (8 ,0) TGJ array 
PRTG (8 ,0) TXY array - only when IP(61 also• 0 

VSGEGf (8 ,0) 1VS array 

8 cran 583, 585, (14 ,0) TI(l), TI(2), and YC array 
GCNTL 588 (14 ,0) Title for crar1 print 
LEWI' (14, 0) Title for CTOJ'l print 
TEDEV (14,0) Title for CIUI'l print 
TEWr (14, 0) Title for CIUI'l print 
TEWJ'I (14, 0) Title for CTOJ'l print . 

9 CI:NTI, 584 (14 ,0) TG and TGA arrays 

10 LETEI 591-594 (14, 0) TCS, OCi, CLEI, and CTEI arrays 

11 LEWI' 586, 587 (14, O) TGR, TSJ', CCI, CCL, and CO'/ arrays 
TEWr 589, 590 (14 ,O) CCW, CCT, and TE arrays 
TEWI'I (14, O) TGR, TSJ' and CCI arrays 

12 WLETE 595 (14,0) Leading and trailing edge weight and 
loads sl.lTll\8ry 

13 msoo 597-601 (15 ,O) Detail - CCI, TSJ', and TGR arrays 
PRTh1 (15,0) Detail - CCI, TSJ', TGR, and TCS arrays 
(HISCIT) 
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TABLE 4. CASE CCNI'ROL CARD 1 - PRINI' INDir.ATffiS (OM') 

Control 
Card 1 Sample 
Colllllll Page 
(IP loc) Routinea Reference overlay Description 

14 MISCNI' 602, 604 (15,0) 9.mnary - 0111 and 'IMVT arrays 
PRTM (15,0) Slllmary - TCS a."ld CCI arrays 
(MISCIT) 

15 CTar2 596, 605 (15,0) IT(l), IT(2), and YC arrays 
~•T5CNT (15, 0) Title for C1Uf2 print 
MISCIT (15 ,0) Title for crarz print 
CDL (15,0) Title for CTITT2 print 
FDIS (15, 0) Title for CI'OT2 print 

16 CDL 603, 606 (15,0) TGR am TCS arrays 
TBFWil (15, 0) CCI and TCS arrays 

17 FDIS 607-609 (15,0) CCI, TSf, TCS, OCi, and 1VMI' arrays 

18 FDIS 610 (15,0) Fuel distriootion sl..Dl11lary 

19 MfLPW 611, 617 (16,0) Torque box am pivot material 
(MrLCW) properties 
TEMPC (18 ,0) Material properties for advanced 

canposites 

20 ALOAD 612, 616 (16,0) Limit airloads and scaling ratios 
ACLOAD (18 ,0) ACL array 

21 ABDW 614 (16 ,0) Initial deadweight distribution 

22 GJCAL 613 (16,0) Flutter analysis values, GJ and J 
comparison, design GJ values 

GJIT (16,0) T-tail GJ values 

23 WDDATA 615 (16,0) T and CD arrays 

24 VLOADl 618, 619 (16,0) Initial design loads, requiroo GJ 
OF.AIM (9,0) Deadweight sunmary and adjustment 

results, for t'Ollv > 1 

IM'BA (9,0) Deadweight and Y-bar adjustment 
values, for t-ODW > 1 

VLOAD (9,0) Design loads and required CJ, for 
NOil'/ >l 
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TABLE 4. CASE OON'mOL CARD 1 - PRINT INDir.AT<llS (COO') 

Control 
Card 1 Sample 
Col\J1Dl Page 
(IP loc) Routinea Reference Overlay Description 

24 DEAIJ\' (18 ,O) Deadweight sumnary and adjustment 
(cont) results, for OODW >l 

OOBA (18, O) Deadweight and Y-bar adjustment 
values, for NOil'I > 1 

AVLOAD (18 ,0) Design loads, required GJ, loads at 
each condition 

25 OF.Al)\' 627 (9,0) Deadweight SUJTlllary and adjustment 
results, for NOil'l=l 

DWYBA (9,0) Deadweight and Y-bar adjustment 
values, for OOil\'=l 

VLOAD (9,0) Design loads and required GJ, for 
OOIW•l 

DEADW (18 ,O) Deadweight sUJTlllary and adjustment 
results, for NOil\'•! 

Il'IYBA (18, O) Deadweight and Y-bar adjustment 
values, for OOJJ\'•l 

AVLOAD (18 ,O) Design loads, required GJ, load~, 
at each condition, for 00™•1 

26 DLPVf -- (9,0) TW array 
PIVITT (9,0) Pivot values 
DLM (18 ,O) 1W array 
PIVITT (18,0) Pivot values 

27 PRTA 624-626 (9,0) Design synthesis and weight distriru-
(TBOJYf) tion sunrnary, for OOIJ.\' > 1 and 

DGW=2 
ACPRTA (18, 0) Design synthesis and weight 
(ATBOJYf) distribution sl.Dllllary, for 

NOil\' > 1 and DGW•2 

28 PRTA -- (9 ,O) Design synthesis and weight 
(TBOJYf) distribution sUlTflary, for 

NODW > 1 and DGW=l ,3 
ACPRTA (18 ,O) Design synthesis am weight 
(ATBOJYf) distribution sunmary, for 

NOIW > 1 and IXiW= 1, 3 

so 



TABLE 4. C.ASE CXNI'ROL CARD 1 - PRINI' INDic.ATCRS (CDNT) 

C.Ontrol 
card I Sample 
C.Olunn Page 
(IP loc) Routinea Reference Overlay Description 

29 PRTA 630-632 (9,0) Design synthesis an:l weight 
(TBOPT) distribution stmnary, for 

~1 and DGW•2 
PR1ll (9,0) Pivot and center section analysis 
(TBOPT) values, for OODW•l and DGW•2 
ACPRTA (18, O) Design synthesis and weight 
(ATOOPT) distribution stmnary, for 

00~-1 and DGW-1,2,3 
PRilf (18 ,O) Pivot and center section analysis 
(ATBOPT) values, for OOIM-1 and D0\'•1,2,3 

30 PRTA -- (9 ,O) Design 5/Jlthesis and weight 
(IBOPT) distribution sllllllary, for 

NOOW-1 and DGW=l,3 
PR1ll (9,0) Pivot and center section analysis 
(TBOPT) values, for NQ])\f•l and 00\'=l,3 

31 PRTB 620-623 (10,0) Synthesis details, for DGW=2 
(CNSTR) 628, 629 
PRTC (10,0) Weight analysis details, for DGW=2 
(CNSl'R) 
PRTB (18,0) Synthesis details, for DGW=2 
(ACNSTR) 
PRTC (18,0) Weight analysis details, for DGW=2 
(ACNSTR) 
ACNSl'R (18,0) DllJC, DDLC, DDIS, DDFS, DDRS, and 

DDSTR arrays, for DGW=2 
ASfIFF (18 ,0) CD array, for DGW=2 

32 PRTB 620-623 (18,0) Synthesis details, for DGW=l,3 
(CNSl'R) 
PRTC (18, O) W~ight analysis details, for DGW=l,3 
(CNSTR) 
PRTB (18,0) Synthesis details, for DGW=l,3 
(ACNSI'R) 
PRTC (18 ,O) Weight analysis details, for IX;W=l,3 
(ACNSTR) 
ACNSTR (18, O) DllJC, DDLC, DDIS, DDFS, DDRS, and 

DDSTR arrays, for DGW=l,3 
ASTIFF (18, 0) CD array, for rx;w-1,3 
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TABLE 4. CASE COO'ROL CARD 1 - PRINT INDICATORS (CClff) 

Control 
Card 1 Sample 
Coll.1111'1 Page 
(IP loc) Routinea Reference Overlay Description 

33 PRTBK -- (10,0) Checkout print, requires data 
(SI'RG) indicators 
PRTBK (10,0) Checkout print, requires data 
(TSCH) indicators 

34 WVFDD 633, 643 (17, 0) TCS and CCDLI arrays 
TBFWI (17, 0) TCS and CCI arrays 

35 crar 640, 642 (17 ,0) TT(l), TT(2), and YC array 
WVFDD (17,0) Title for CI'OT print 
WFLDD (17,0) Title for crar print 

36 WODATA 638 (17, O) Surface inertia slD"IIT\ary 

37 PRTD 635 (17, 0) Detail weight and coefficient 
s\.Dllnaries 

38 l'ODATA 634 (17 ,0) WCG, CTBW, CTBI, Cl.EI, CTEI, onI, 
636-639 CFLlI, CFL2I, CCDLI, CIOY, and 

CCI arrays 

39 not 
used 

40 OLAYOO 400, 479, (0,0) Case title and module identification 
499, 508, 
528, 539, 
546, 572, 
647 

41 WHVMAT 500-505 (3,0) Stress vs tenperature tables 
WI-NQQ (3,0) Compressible dynamics pressure values 
SVFTAB (3,0) Flutter parameter vs mach nlD'llher 

42 SPDALT 480 (2 ,0) Speed-altitude profile tables 

43 DSGNPR 481 (2 ,0) Speed profile design factors 

44 ~IKIE 482 (2 ,0) S-array 

45 AVDINR 485, 486 (2, 0) RT, RW, RJI, RV, RA, and RO arrays 

46 PP.TOWE 483, 484 (2 ,0) Weight empty breakdown, expendable 
(DATAIN) useful load 
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Cont 1 
Card 
Collll\J'l 
(IP loc) 

47 

48 

49 

so 
51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

TABLE 4. CASE CONTROL CARD 1 - PRINT INDICATORS (CONT) 

Sample 
Page 

Routiriea Reference Overlay 

DATAIN 
DMA.XLD 

OCCNTL 

488-492 
497 

AVDATA 487 

DATAIN 493-496 

BNLDS 520 

SPABvt 521 

USPAN 509-519 

WI-NNEf 522-524 

BLOOL 525 

FA'JM; 526 

FATGUE 529, 530 

FATIGU 531-536 
FTGCTL 

FATH1J 537 

LANIX:iR 540 

LGFAR 541 

AI~ 547 

SPAL 548 

MATLP2 549-551 
(K:N'l'Ll) 

~CNTLl 552 

DSGNP 553 

(2,0) 
(2,0) 

(2,0) 

(2 ,O) 

(2 ,O) 

(4 ,O) 

(4 ,O) 

(4,0) 

(4,0) 

(4 ,O) 

(4,0) 

(5,0) 

(5,0) 
(5,0) 

(5, O) 

(6, 0) 

(6,0) 

(7 ,O) 

(7 ,O) 

(7 ,O) 

(7 ,O) 

(7 ,O) 

53 

Description 

:OC array 
Estimated shear, bending JIDl'llent, and 

torque 
WD array 

S-array 

CoJ1100n at end of Data Management 

Body loads 

Shear, bending moment, and torsion 
moment 

Airload distribution factors 

Design loads and ratios 

Temperature and stress for 23 load 
conditions, design temperature and 
load conditions, maxinn.Dn net 
bending rronents for fatigue 

Fatigue spectra 

Bending manent spectra input 

Damage table, calc life, etc 
"FATIQJF." input values 

Intennediate values, iteration trace 

Landing gear input data 

Landing gear loads 

AIS system input data 

Speed-altitude profile tables 

Duct, ramp and nacelli: material 
properties 

TMS array 

Speed profile design factors 



TABLE 4. CASE OON1IDL CARD 1 - PRUIT INDICATORS (COr-1:L) 

Control 
Card 1 Sample 
CollDTlll Page 
(IP loc) Routinea Reference Overlay 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

PRECRT 554 

RAMPS 554, 555 

FRMELD 556 

IlJCTS 557-558 

NACELE 559 

FUSLD 648-651 

Mi\TLPl 652-653 
(MFCNTL) 

MFCNTL 653 

FUSLD 652-654 
ru.ffil 

FFRME 655 
FruvtIDl 

SFOAWE 656 
FRr.D..J) 

FFRME 656 

MINFR 657 

FUSSHL 657 

SPRINf 658-663 

(7 ,0) 

(7 ,0) 

(7 ,O) 

(7 ,0) 

(7 ,0) 

(11,0) 

(11,0) 

(11,0) 

(11,0) 
(11,0) 

(11,0) 
(11,0) 

(11,0) 
(11,0) 

(11,0) 

(12, 0) 

(12,0) 

(12,0) 

Description 

Ramp design conditions 

Built-in parameters, reaction forces 
and weights 

fuct frame data 

Duct frame data and duct geometry -
section data 

Nacelle geanetry - section data 

Fuselage loads and inertia data 

C.over, longeron, major and minor 
frames material properties 

n1s array 

Loads array 
Input and corrected data 

External frame loads details 
Fuselage shape details 

Frame synthesis details 
Segment loads details 

Major frames detail weights 

T-array 

T-array 

Details - Construction indicators, 
basic vehicle data, secondary 
structure, shell and section values 

¾outine in which the corresponding IP element is tested and printing is 

done. If a second routine name appears in parenthesis as PRTG(GEO,,M), 
this indicates that PRTG is strictly a print routine and the indicator 
is used in GEOMW to call or not call PRTG. 
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Descriptions folh , for each module execution control indicators in 
columns 71 through 80. 

Column 71 is usec' to designate execution of the air loads module. This 
module requires data irom the data management module and cannot be executed 
unless general data is input or available from a previous case. 

Column 72 is used to designate execution of the wing and empennage 
module for wing structure. Execution of this module requires wing data 
either input or available from a previous case. Loads data is also necessary 
and nust be available as input, or calculated by the airloads module, or 
either of these left fran a previous case. 

CollDIU1 73 is used to designate execution of the fuselage module. Fuse­
lage data is required. Fuselage loads data and inertial data nust be avail­
either by input, calculations from the data management module and the airloads 
module, or left from a previous case. 

Column 74 is used to designate execution of the landing gear module. 
Landing gear datais all that is necessary for the execution of this module. 

Colwnns 75 and 76 are used to designate execution of the wing and 
empennage module for the horizontal and vertical tails, respectively. Hori­
zontal data , vertical data, and loads data are required. 

Column 77 designates execution of the air induction system module. Air 
induction system data is required for the execution of this module. 

Column 78 designates execution of the fatigue module. Fatigue data is 
required. 

Column 79 is used to designate execution of the output module. This 
module requires data developed in the data management module; therefore, 
execution of the output module should be indicated only if general data is 
input or available from a previous case. 

Column 80 on control card No. 2 is used to indicate that the pennanent 
data arrays which were initialized at the start of case 1 are to be reinitial­
ized at the start of this case. These data arrays are stored in records 1-9, 
11, 12, 17, 21, 23-29, 32-34, 36-38, and 41-60. A 1 in column 80 indicates 
that these records are to be reinitialized; a O (or blank) indicates that the 
data for this case will be read into the data arrays as they were left from 
the previous case. 
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VARIABLE DATA DECKS 

Eleven data blocks are used to input design infonnation for execution by 

SWEEP modules. Each block is set up to be processed by program READ as dis ­
crete data decks consisting of a leading deck identification card, variable 
data cards, and a deck tenninatior. variable data card (Figure 12). 

Processing of numeric data is dictated by the control title in the dec.k 
identification card. The title identifies the data array that is to be 
initialized before numeric data cards are read. During the first execution 
case, each data array is initialized with dat.-. fran the SWEEP data bank. For 
subsequent cases, initialization is governed by the status of column 80 of 
case control card 2 (Table 5). 

Data blocks are identified by the deck titles as shown in Figure 13. 
These titles must appear as shown, starting in column 1 of the card. Only 
columns 1 through lu are processed so user conments may be punched in columns 
11 through 80 for problem identif ication purposes. 

If errors in title fonnat are encountered, program READ will skip 
processing of all numeric data in that deck and print the following error 
message: 

***BAD TITLE CARD - - • AAAAAAAAAA *** 

where A .... A is the alphanumeric image contained in columns 1 through 10 of 
the title card. 

Title card errors will not result in tennination of program analysis. 
All case data decks are processed, and required modules are executed through 
completion or until a fatal error is encountered. Case execution is continued 
so that results can be obtained from SWEEP modules not affected by the missing 
data deck infonnation. However, the user is cautioned to scan program output 
for error messages and assess the validity of all module outputs. 

The procedure used to process numeric information on variable data cards 
pennits random access to all array locations (Figure 14). All variable data 
cards contain a relative location address field plus five data fields. The 
processing of real data on each card into the reference data array is 
governed by the index value in the address field. This technique allows the 
user to input values for only those variables that need to be changed. Thus, 
the size of each data deck for all problem cases can be kept to a mininum, 
containing only the necessary location and numeric infonnation pertinent to 
the problem. Infonnation existing in array locations not addressed through 
variable data cards are not changed. Processing of variable data cards for 
each deck is tcnninated when the read routine senses a minus (-) character 
in column 1 of any variable data card. 
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TABLE S. CASE CCM'ROL CARD 2 INDICATORS 

Labeled 
Control Card 2 C'.onlnon 

CollD111l Location Description 

1-2 XMISC(Sl) AiT vehicle class indiaator 
01 • fighter (F) 
02 • attack (A) 
03 • tactical banber (BI) 
04 • strategic bomber (Bil) 
OS• cargo assault (CA) 
06 == cargo transport (CT) 

3-4 XMISC(S2) Wing-type indicator 
-1 • fixed wing 
01 • variable-sweep wing 

5-6 XMISC(S3) Vertical-tail-type indicator 
-1 • single tail 
00 • dual tail 
01 • T-type t~il 

7-8 XMISC(S4) Load calculation option indicator 
-1 • calculate basic loads only 
00 • calculate fatigue spectra only 
01 = calculate both basic loads and fatigue 

spectra 

9-10 XMISC(:iS) Total vehicle load calculation control 
01 • carqute all loads (fuselage, wing, 

horizontal tail, vertical tail) 
00 • canpute loads as indicated by controls 

in coll.D111lS 11 through 18 

11-12 XMISC(56) Fuselage load calculation indicator 
01 • canpute 
00 • do not canpute 

13-14 XMISC(57) Wing load calculation indicator 
01 • compute 
00 = do not CCJ11)Ute 

15-16 XMISC(58) Horizontal tail load calculation indicator 
01 = compute 
00 • do not canpute 
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TABLE 5. CA5E OON'IROL CARD 2 INDICATORS (COO) 

Labeled 
Control Card 2 Qmnon 

Coll.mm Location Description 

17-18 XMISC(59) Vertical tail load calculati n indicator 
01 • canpute 
00 • do not compute 

19-20 XMISC(60) Load conditions 1 through 5 calculation indi-
cator (positive maneuver conditions) 

01 = Canpute 
00 = do not compute 

21-22 ».1ISC(61) Load conditions 6 and 7 calculation indicator 

23-24 

25-26 

27-28 

29-30 

31-32 

(negative maneuver conditions) 
01 = compute 
00 = do not compute 

».IISC(62) Load condition 8 calculation indicator 
(maneuvering flap) 

01 = canpute 
00 = do not COJl'1ute 

XMISC(63) Load coooition 9 calculation indicator 
(1 g trim flap) 

01 = canpute 
00 = do not canpute 

XMISC(64) Load conditions 10 through 13 calculation 
indicator (positive vertical gust conditions) 

01 = canpute 
00 = do not compute 

XMISC(65) Load conditions 14 through 17 calculation 
indicator (negative vertical gust conditions) 

01 = canpute 
00 = do not C001)Ute 

XMISC(66) Load conditions 18 and 19 calculation indi­
cator (lateral gust conditions) 

01 = compute 
00 = do not compute 
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TABLE S. CASE CCM'ROL CARD 2 INDir.ATORS (COO) 

Labeled 
C.Ontrol Card 2 Camoon 

C.OllllDl Location Description 

33-34 XMISC(67) Load conditions 20 and 21 calculation indi-
cator (pitching acceleration conditions) 

01 • canp1te 
00 • do not coopute 

35-36 XMISC(68) Load conditions 21 and 23 calculation indi-
cator (yawing acceleration conditions) 

01 • canpute 
00 • do not canpute 

37-38 XMISC(69) Wing fatigue spectra calculation indicator 
-1 • canpute gust and maneuver spectra 
01 • canpute gust spectra only 

39-40 IFL(ll) Wing construction indicator 
00 = metal structure 
01 • advanced canposite structure 

41-42 IFL(l2) Horizontal tail construction indicator 
00 • metal structure 
01 • advanced canposi te structure 

43-44 IFL(13) Vertical tail construction indicator 
00 • metal structure 
01 • advanced canposite structure 

45-70 Not used 

71 IFL(l) Airloads module execution control 
0 • execute 
1 • do not execute 

72 IFL(2) Wing execution control for wing and empennage 
roodule 

O • execute 
1 • do not execute 

-
73 IFL(3) Fuseld0 ~ module execution control 

0 = execute 
. 

1 • do not execute 
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Control Card 2 
Colllllll 

74 

75 

76 

TABLES. CASE CONTROL CARD 2 INDICAIDRS (CONCL) 

Labeled 
Carmon 

Location 

IFL(4) 

IFL(S) 

IFL(6) 

Description 

Landing gear module execution control 
0 = execute 
1 = do not execute 

Horizontal tail execution control for wing and 
empennage module 

0 = execute 
1 = do not execute 

Vertical tail execution control for wing and 
empennage module 

0 = execute 
1 = do not execute 

- -------------+--------------------- ----
77 IFL (7 

78 IFL(8) 

79 IFL(9) 

80 IFL(lO) 

Air induction system module execution control 
0 = execute 
1 = do not execute 

Fatigue module execution control 
0 = execute 
1 = do not execute 

Final output module execution control 
0 = execute 
1 = do not execute 

File ini tialization control for subsequent 
cases (not applicable for first case) 

0 = l eave files as they exist and update 
with input data 

1 = reinitialize data files (mass storage 
: ile records 1-9, 11, 12, 17, 21, 23-29, 
32-34, 36-38, and 41 -60) from TAPE7 
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- 2000 Deck Termination Card 

Variable data 

GENERAL 

Deck identification card 

Figure 12. Data deck setup for SWEEP data blocks. 

INERTIA 

FUS LOADS 
WHV LOADS 
FATIGUE 

AIS 

LG 

FUSELAGE 
VERTICAL 
HORIZONTAL 
WING 

GENERAL 
Col 1-10 Ill.__ __ __ 

Figure 13. Data deck titles for SWEEP data blocks. 
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Data cards with illegal pWlches such as alpiabetic characters that 
cannot be interpreted into numeric fonn will result in job tennination. Miss­
ing deck tennination cards (minus (-) pllllch in colUDD'l 1) will also result in 
job tennination. Without the deck tenninatian card, processing of the vari­
able data deck will continue. The next card read will be an alphanwneric 
title card which cannot be interpreted, resulting in system stoppage. A deck 
tennination card nust always include an integer nurmer in the address field 
to be read. If the address is not included, the card processing routine will 
misinterpret the card. Infonnation in the data field need not be included. A 
deck tennination card misplaced within a data deck will result in continued 
processing and execution of the problem case. However, all data cards follow­
ing the misplaced deck tennination card will not be processed. An error 
message will be printed by program READ since the card following the misplaced 
deck tennination card will be interpreted as a bad data deck title card. 

Data cards without infonnation in the address field will not be processed. 
The data field infonnation will be printed along with the error message: 

NO DECK LOCATION 

Nonnal processing and execution will continue after the error message is 
printed. 

Design infonnation contained in variable data decks titled "WING," 
"H)RIZONTAL" "VERTICAL" "FUSELAGE" "LG" "AIS" and "FATIQUE" are trans-

' ' ' ' ' mitted to the SWEEP modules identified in Table 2. The design data in these 
decks are used by these modules for components structural synthesis and weight 
analysis. Further discussion on the use of these decks and descriptions for 
each data array location can be foWld in Sections III through VII of this 
volume. Data decks titled "WI-N LQ\DS, " "AJS LOADS, " and "INERTIA" are 
special data decks used for input of lifting surface and fuselage design loads 
data. Use of these decks and descriptions of data array locations are dis­
cussed in Sections VIII, IX, and X of this volt.une. 

All data blocks may be arranged in any order during case setup. However, 
the reconmended setup is to start with the "GENERAL" data deck first. The 
relationsh p of the "GENERAL" data deck, the design information contained in 
that deck, and the analysis control information contained 1n case control 
card 2 to the other variable data blocks must be considered in the setup. 
Tables 2 and 3 should be used as setup guides. The "GENERAL" data deck 
descriptions in Section II of this volume should also be used. 

The "GE.~ERA.L" data deck contains general design infonnation used in the 
development of design data for the weight estimation modules. It causes the 
execution of the data management and flutter and temperature modules and 
contains the necessary vehicle data used by the airloads module. 
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Data items from this deck are also processed into the input data set 

for the weight estimation modules. Variable data locations in data decks 

"RJSELAGE," "AIS," "LG," "WING," "1-DRIZONTAL," and ''VEJITICAL" which can be 

replaced with either data from the "GENERAL" .data block or calculated data 

resulting from execution of the data management and flutter and temperature 

modules are identified in the variable data descriptions for each deck. 

CASE TERMINATION CARD 

The last data block in each problem case JlllSt be followed by a case 

tennination control card (Figure 12) titled "EXEClJfE" in columns 1 through 10. 

The infonnation on this card directs program READ to stop case data deck 

processing and initiate problem execution. 

Title errors on this card will result in printing of the error message 

dis~ussed previously for deck title cards. Further data deck processing will 

be attempted by program READ, resulting in either a nonnal job term.1 ation or 

a system job tennination due to a fatal error condition. The nonnal job 

tennination will result if the error occurred during processing of the last 

problem case for the job. An end-of-file mark will be read on input device 

TAPE 5, causing job tennination without execution of the case. The fatal job 

tennination will occur for nulticase jobs when "EXEClJfE" card errors occur in 

cases other than the last. This is due to reading the first case title card 

of the next case as a variable data card. 

NUMERIC DATA CARDS 

All numeric data are input to SWEEP with six-field data cards on coll.Dlll1S 

1 through 72 (Figure 14). The first field, coll.Dlll1S 1 through 12, contains 

relative location address infonnation for the real data on the card in fields 

2 through 6. Each data field consists of 12 consecutive columns starting at 

column 13. The first column of each field, columns 13, 25, 37, 49 and 61, 

are used to denote the sign of the data in the field. 

This data card fonnat, coupled with the internal data processing, pennits 

random access to all locations of the data array into which input data is to 

be transmitted. Processing and storage of data is governed only by the index 

value in the address field which is used to identify the array locations to 

be changed with card data. Thus, data cards in each data deck may be 

arranged in any order. 
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Data card read, is initiated by a control routine that identifies the 

internal data array that is to be changed. Data cards are then read and pro­

cessed by SWEEP subroutine DECRD. This routine provides the facility for 

reading a variable n\lllber of pieces of real data from input device, TAPES, 

and storing them in specified elements (either sequential or nonconsecutive) 

of the array. The subroutine argwnent is the name of the array into which 

real data are to be stored. Only the infonnation specified i s actually read 

into storage; the remaining elements of the array are unchanged. 

Each card must contain an index, an integer written in colunns 1 through 

12. The five data fields of 12 colunns each (colllllns 13 thorugh 72) contain 

input data of the real type. However, any data field may be left blank to 

indicate that the corresponding location is not to be changed. Colunns 73 

through 80 are not read and may contain deck identification. 

The index define~ the location of the first piece of data on the card 

within the array specified as the argument. This integer must be written 

to the ext~eme right of the field. If the name of the array is not sub-

sc ipted in the CALL statement, the index can be considered equivalent to 

the subscript of a one-dimensional array. For ex~le, if the argument is 

the nonsubscripted array name, ARR, and the index is 10, the first piece of 

data on the card (colunns 13 through 24) will be read into ARR (10); the 

third piece of data (colunns 37 through 48) will be read into ARR (12). 

All data items nust be the real type; they are written following the 

rules for input with the F-type fonnat specification. If an exponent is 

written, it must be at the extreme right of the field. 

1. If the nl.Dllber is written without either an exponent or a decimal 

point, the point is assumed to be at the extreme right of the 

field (as if read with an Fl2.0 fonnat). 

2. If the decimal point is explicitly written, the number may be 

positioned anywhere in the field. 

3. If no decimal point is written but an exponent is furnished, the 

point is ass~"llled to be imnediately to the left of th~ exponent. 

When a field is left blank, no information is read into the location 

corresponding to this field; the information already in this location is 

unaltered. A negative :.ero is read as zero. 
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Reading is tenninated by putting a negative sign in colUllll 1 of the 
last card to be read. 

The data fields of each card are converted twice, using two fomats, 
SF12. 0 and 10A6. The A- type conversion is used to check for blank fields. 
If the field is not blank, the result of the F-type conversion is stored in 
the proper element of the specified array. After reading each card, a test 
is made for a negative sign in the first field; reading is tenninated if the 
sign is negative. 

The index may not be zero or blank. If it is, an error message, "NO 
DECK LOCATION'' and the contents of colunns 13 thorugh 72 of the card are 
printed and reading continues. 

If any card contains data which cannot be interpreted, (alphabetic 
punches, for example), a system stop will occur and job processing is termin­
ated. This condition will also occur if any variable data deck does not have 
a minus sign in the index field of the last card. 

E.xample of DECRD input: 

Assume a CALL DECRD (ARR) statement and the following data cards: 

GOOD 
DATA 

ERRORS 
OR 
POSSIBLE 
ERRORS 

- 7 . 

2 

2 0 

4 6 
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The first card will result in infonnation being stored as follows: 

ARR (1) 
ARR (2) 
ARR (3) 
ARR (4) 
ARR (5) 

-0.7063 E+Ol 
Unchanged 
0.2435 E-00 
0.2065 E+04 
0.4649 E+04 

The - sign in column 1 of the second card signals that this is the 
last card to be read tmder control of this CALL DECRD statement. This card 
has been written to illustrate some types of errors (or possible errors) in 
writing the data. The infonnation will be stored as: 

ARR (11) 0.7896 E+21 
(Exponent mislocated or incomplete) 

ARR (12) 0.0 
ARR (13) Unchanged 
ARR ()4) 0.275 E+04 
ARR (15) 0.1234 E+ll 

(Decimal point assLDned at extreme right) 

When no decimal point is written, as in the last item, the decimal 
point is assLDned to be at the extreme right of the field. 

PERMANENT UA.TA BANK 

The pennanent data bank deck, is used to create TAPE7, the pennanent data 
file. Figure 15 shows the sequential order of data sets in the data bank deck. 
The data bank is used for module access of the following types of data: 

1. Aerodynamic data for loads analysis 

2. Spectnun data for fatigue analysis 

3. Weight analysis constants and index factors 

4. Flutter and temperature constants 

5. Weight constants and data for initial weight distributions 

6. Airfoil descriptions 

7. Material property descriptions 
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/1_ Fuse l age pe rmanent da t a I Reco rd 28 
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// 
Revis ions to wing da ta J I /,. for ver ti cal ta il Recor d 25 

Wind and empennage 
IL Revisi on s to wi ng data I modul e data fo r hor izonta l ta i l Re co rd 24 

I /1. Wing pe rmanent data 

r I Record 27 
OR arr ay 
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ir loads fl DE a rray ini t ia l i za ti on 
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Record 8 n_ OF ar r ay 

Record 7 rJ_ OB array 
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lo"' Record 5 
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Reco rd 3 
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Record I 

Figure 15 . SWEEP pennanent data bank data deck setup and 
mass storage fi l e ini t ial i zat ion. 
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Records in this data bank are used to initialize mass storage file design data 

records for use by the different program modules. Revisions of data values in 

any data set requires appropriate job control card and deck setup changes 

(Figure 16) which will result in update of card image data on peripheral 

device 7. -The data sets J!!Ya. be arranged as shown for processing by program 

READ, overlay (1,0). All nlllleric data sets are read and processed with the 

same method used for variable input data processing. Thus revision of data 

items can be made with the addition of new cards containing the correct numeric 

values and relative adnresses before the last card of each set. 

The material properties library of the SWEE'!' data bank includes the nec­

essary infonnation required for structural synthesis of metallic structureJ. 

Changes and/or additions to this library must be made using the aforementioned 

procedures and the material description data cards presented in Section XI of 

this volume. Material properties for advanced conposite structure analysis are 

included in the wing and enq>ennage pennanent data sets of the data bank. These 

data, describing boron/epoxy material, are used to initialize the variable 

data array for wing or enpennage analysis. Material property changes for 

advanced COJl1>0Site material should be made with appropriate data cards in the 

variable data blocks for these conponents. Section VI of this volwne contains 

the descriptions of data items necessary to make these changes. 
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Note: (I) Upd•te perl!Wlnent d•t• deck for current job only . 

(2) Cre•te t•pe with "ew d•t• deck . 

/ 
Case I 

CONTROL CARO I 

798 

( 1) 

/ 
PERMANENT DATA DE CK 

789 

OLAY I 

LOAOER, PPLOAOR 

7 
---------

REW IN O, TAPE / 

UNLOAD, OLAY 2 

( 2) Requi r ed on l y when COPYCR, TAPE ],OLAY 2 

ne1~ pe r manent dat a i s 
b t on t ape COPYBF, OLAY I, OLAY 2 

_L
to e pu REWIND, OLAY l 

,..
--'--L-AB_E_L_._O_L_A_Y_2_, _w_._L_-_' _' 3_4_9_4 _s_w_E .... E P , T • 30, X • SV (I • 113494 CH) 

( I ) (2) 

REWI NO , TAPE 7 

COPYCR, INPUT, TAPE] 

COPYBF, OLAY, OLAY I 

LABEL, OLAY , R, L • I 13494 SWEEP, 

VSN • PA2 

JOB, CM7 1000, TI OO, PC, MTI 

S CHARGE 

Figure 16. Setup to revise pennanent data. 
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Section II 

GENERAL DATA 

INTROOOCTION 

The data management module is overlay (2,0) of the integrated SWEEP 
program. The primary ftmctian of this module is to organize vehicle geanetric 
data and criteria for the overloads module, overlay (4,0) and the flutter and 
temperature module, overlay (3,0). Execution of both the data management and 
the flutter and temperature roodules is initiated by input of the GENERAL data 
block. The following paragraphs describe this input data and some of the 
progranmed methods. 

GENERAL DESCRIIYI'I0N 

The data management module develops the weight and inertia characteristics 
for a three-dimensional model of the flight vehicle. Structural canponent 
geoiretry is canbined to determine their relative locations and to resolve the 
aerodynamic geanetry. In the case of variable sweep wing aircraft, theoreti­
cal trapezoidal data are calculated for the forward and aft wing sweep 
positions. Vertical tail geanetry is modified to account for body carryover 
effects. The relative position of the horizontal and vertical tails is also 
evaluated to account for end plate effect or for T-tail load introduction. 
Nose geometry for the purpose of estimating body lift characteristics is based 
on the location of the lifting surface and an body cross-sectional variation. 
Synthesis cut locations for the wing, horizontal tail, vertical tail, and 
fuselage are also defined in this module. This insures consistency between 
the data generated in the loads roodule and the weight synthesis module. 

1he weights and centers of gravity (CG) of equipment, propulsion can­
ponents, and useful load at the different vehicle design weights are user input 
data. The weights of structural COJl1>0nents are not required. If the weight 
of any structural item is not input, statistical weight and CG estimates are 
made using the geometry and design requirement data. The calculated estimates 
are then adjusted to be in agreement with the input basic flight design weight 
and CG, Should all of the structural component weight data be input, the basic 
flight weight and balance is detennined by the SUITD'Tlation of group weight and 
useful load data. 

Weight and balance at the other design weights are obtained by adding the 
corresponding useful load data to the empty weight data. Variable sweep wing 
aircraft balance calculations are made for the forward and aft wing positions. 

Balance data are used to distribute the weight of contents among the 
different c~onents. A rule-of-thlDllb approach is used to distribute weight empty 
items; useful load distribution is specified by input data, Th1Jse mass 
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distributions in conjlDlction with geanetry are used to estimate pitch and 

yaw inertia. 

One of the primary purposes of the data ·management roodule is to establish 

data in the appropriate fonn for use by the airloads JOOdule. A familiarity 

with the loading conditions analyzed by the airloads module is essential for 

the user to efficiently generate general data deck input. 

A primary fl.Dlction of the airloads module is to estimate airloads for as 

many as 24 flight conditions. A sU111I1ary of the 24 possible airload conditions 

and their speed-altitude profile (Figure 17) are presented in Table 6. The 

user selects the appropriate flight conditions for analysis, depending on such 

factors as the type of aircraft, wing configuration (fixed or variable sweep), 

wing sweep position (forward or aft), and type of load (maneuver, gust, etc) 

to be analyzed. These conditions are indicated by the user on control card 

No. 2. Input data and gross weights (BFDW, MDW, and LDW) are developed in the 

data management module. 

The flutter and temperature module calculates equilibrium skin temperature 

at each flight design load condition point (Figure 17). It also examines the 

speed-altitude profile and geometry data established by the data management 

module to detennine canpressible dynamic pressures which are critical for lift­

ing surface flutter prevention design of the wing, horizontal, and vertical 

tails. Surface aspect ratio, taper ratio, and sweep of the quarter chord are 

geometric parameters used in the flutter investigation. These parameters are 

based on the theoretical gross trapezoidal geanetry of the wing and horizontal 

tail and on the theoretical exposed geanetry of the vertical tail. Vertical 

tail aspect ratio, for the purpose of flutter evaluation, is based on an equiv­

alent mirror-image set (twice the true aspect ratio). For variable-sweep wing 

aircraft, the theoretical wing geometry associated with the respective flight 

profiles (Figure 17) is used in the flutter evaluation. 

This program has been written to implement the structural design specifi­

cations, ~IIL-A-8860, -8861, -8862, and -8866. Liberal references to these · 

specifications are made in the discussions that follow. The intention here is 

not to subjugate the user to these specifications, but to provide insight into 

the relevance of this data. 

INPlIT DESCRIPTION 

A canplete description of input data locations is presented in Table 8. 

All of the variables in the list of inputs are in the fonn to be read by sub­

routine DECRD. This data block nust be preceded by a deck identification card, 
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"GENERAL." The last data card nust have a minus sign in column 1. The 

GENERAL deck setup is as follows: 

GENERAL 
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TABLE 6. DESIGN LOAD CONDITION.5 AND ~STRAINTS 

Speed-Altitude Profile 
(Fia. 17 ) 

Load Type of 
Additional 

Cond Load Vehicle Win& Mach Dlsian 

No. Cond A/V Type Wei&ht Sweep AW Point a No. Alt Constraints 

l +NZ F, A, B, C BRM' Fix • aft l '\ SL 

2 +NZ F, A, B, C BRM' Fix • aft 2 ML Int ()ily if ML at 
2 .a Mc_ at 3 

3 +NZ F, A, B, C BRM' Fix • aft 3 ML Min at ()ily if Mt, at 

IIIX ~ 3 ? Mc_ at 2 

- 4 +NZ F, A BRM' Fix - aft 7 0.9 SL ()ily if ~:L at 
1 .a 1.0 

5 +NZ F, A, B, C BRM' M 10 ~ SL Variable swep 
wina only 

6 ·Nz F, A, B, r. BRM' Fix • aft 4 ~ SL 

7 ·Nz F, A, B, C BRM' M 10 '\i SL Variable sweep 
wina only 

8 Man. F, A, B, C 0 Fix • fwd 8 1.5 v
50 

SL 

flap 

9 l g F, A, B, C u. Fix • fwd 9 1.2 VSL SL 

trim 

10 + Vert B, C BRM' 

gust 

Fix • aft 4 ~ SL 

11 + Vert B, C BRM' Fix • aft s ~ Int 

gust 

12 + Vert II, C BRM' M 10 ~ SL Variable sweep 

gust 
wint only 

13 + Vert B, C BRM' M 11 ~ Int Variable sweep 

gust 
vina only 

14 - Vert F, A, B, C BRM' Fix • aft 4 ~ SL 

gust 

15 • Vert F, A, B, C BRM' Fix • aft s ~ Int 

iUSt 

16 - Vert B, C BRM' M 10 ~ SL Variable sweep 

gust 
wina only 

17 - Vert B, C BRM' M 11 ~ SL Variable--. 

gust 
win& only 

18 Lat F, A, B, C BRM' Fix - aft 4 ~ SL 

gust 

lll Lat F, A, B, C 

gl.lSt 

BRM' Fix - aft s ~ Int 

a Identified by hexa,onal points in Figure 17. 
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TABLE 6. DESIGN LOAD OONDITIONS AND CDNSTRAINTS (OONCL) 

Speed-Altitude Profile 
(Fi1. 17 ) 

Load Type of Additional 
C<r.d Load Vehicle Win& Mach DesiF 
No. Cood A/V Type Weiaht SwepAW Point• No. Alt Constraints 

20 Pitch F, A, 8, C 8~ 
ace 

Fix • aft 1 '\ SL 

21 Pitch F, A, 11, C 8~ Fix • aft 3 '\ Min at 
ace max~ 

22 Yaw F, A, B, C 8~ Fix • aft 1 '\ SL 
ace 

23 Yaw F, A, 8, C 8~ Fix • aft 3 1\ Min at 
ace max~ 

24 2 I F, A, B, C ~ Fix • nod . - -
taxi 

aldentified by heJiaaonal points in Fiaure 17. 

Expanded explanations for those variables which may be subject to mis­
interpretation are presented below. 

• Locationc; 702 and 951 through 990 specify the wing geanetry. Location 
702 specifies whether the analysis is to be directed for either a fixed 
or variable-S'#eep •wing vehicle. Locations 951 through 980 define the 
reference wing planfonn geanetry, locations 981 through 984 provide 
infonnation for rotating the reference wing, and locations 987 through 
990 provide flap data. 

A zero or blank in location 702 indicates a fixed wing vehicle, 
in which case locatic,ns 981 through 984 are not used. Vehicle speed­
altitude profile data for the wing in a forward position, locations 
783 through 788, are also not required. 

A positive value in location 702 indicates a variable-sweep wing. 
Locations 951 through 980 define the reference wing, and locations 
981 through 984 provide infonnation for rotating this reference 
wing to the oo load and flutter evaluation positions. The refer­
ence wing data may define geanetry at either of the two evaluation 
positions, or at another position. Reference geometry is the aero­
dynamic reference planfonn. 



• Locations 719, 720 1 751-765 1 781 1 783-788, and a minber of other inputs 
are directly related to points on the mach-altitude design envelopes of 
Figure 17. A familiarity with the mach-altitude points in Figure 17 
and their relationship to the loading .conditions of Table 6 is there­
fore necessary. 

Figure 17 depicts flight envelope points which are input by the user, 
as well as points which are selected by the program for the various 
airload conditions of Table 6. Of the 15 points defined by user input, 
points 1, 2, 3, 4, 5, 13, 14, and 15 are directly input by the user 
through locations 751-760 and 783-788; points 6, 7, 8, 9, and 10 are 
set up by the program in accordance with the speed margins on ~I desig­
nated by the user in locations 761-765 and 781; and points 11 and 12 
are autanatically detennined by the program from user input of stall 
speeds in locations 737 and 738. 

Figure 17 contains 11 mach-altitude locations at which airloads condi­
tions are defined. Witl\ the exception of point 7, each airloads design 
condition occurs at sane corresponding user input point. The loading 
design points are nonnally selected autanatically by the program. How­
ever, the mach-altitudes for loading design points 2 and 3 may be over­
ridden via general data deck input locations 719 and 720. The user thus 
has the option of relocating loading point 2 at input point 7, 9, or 10, 
and loading point 3 at input point 7, 8, or 10. 

Figure 17 contains 12 mach-altitude points that are surveyed to deter­
mine critical flutter conditions. For further explanation of flutter 
points, refer to Volune II, Part 2, subroutine SPDALT, and Volune IV, 
Part 2. 

• Location 721 specifies the desired maxi.mum design weight (MDW). This 
val ie is used to detennine initial structural weight estimates for the 
main gear or nose gear components when locations 795 or 796 are left 
blank. 

• Location 723 specifies the basic flight design weight (BFDW). This 
value is used to detennine the initial structural weight estimates 
for the wing horizontal tail, vertical tail, and fuselage if locations 
791 through 794 are left blank. It is also used to compute the oper­
ational weight empty (OWE) when one or more of locations 791 through 
796, 798, and 802 are left blank. The data in this location would 
nonnally be explained in MIL-A-008860A(USAF), paragraph 6.2.1.3. 

• Location 724 specifies the vehicle CG at the basic flight design weight. 
In the case of variable -sweep wing conf igurations, the CG is for the 
input wing geometry. It is advisable to input the most forward CG at 
BFDW, since the most critical loads usually occur at this balance 
condition. 
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• Location 725 specifies the landing design weight (LOW). This value is 
used to detennine initial structural weight estimates for the main gear 
and nose gear when locations 795 or 796 are left blank. The data in 
this location would normally be explained in MIL-A-008860A(USAF), 
paragraph 6. 2.1.S. 

• Locations 791 through 870 specify the required vehicle detailed 
weight and CG data locations. Locations 871 through 940 specify 
the weight and CG locations of the useful load items for the MDW, 
BFDW, and LOW conditions. Locations 791 through 796, 798, and 802 
are used for the wing, horizontal tail, vertical tail, fuselage, 
main gear, nose gear,engine section, and air induction system 
weights. Any or all of these locations can be left blank, and the 
program will estimate the weight and CG of each ccxnponent left 
blank. Tre estimated COl11)Onent weights and CG' s will then be 
ad just ed so that the summation of the adjusted weights, detailed 
weights, useful load for the BFDW and their CG's will reflect the 
BFDlv entered in location 723 and vehicle CG in location 724. I f 
weights are input for locations 791 through 796, 798, and 802, 
t hen the BFl)v and its CG :rre equal to the sununation of the 
detailed weights and CG's and the useful load and CG's defined by 
locations 871 through 890 and 921 through 930. TI1e OWE is defined 
as the surranation of the adjusted weights and detailed we ight 
i tems . MDW and LOW conditions are then defined as the swranation 
of the OWE and their respective useful loads defined in loca-
tions 911 through 920 and 931 through 940. ·n1e three program­
deve loped gros· weights previously expla1 ned are used hy the 
ai rload., module i n evaluat ing the 24 load conditions shown in 
Tah le 6 . It i s the responsibility of the user to insure that thC' 
program-developed IDW, BFDW, BFDW CG, and LDW are consistent with 
input in locations 721, 723, 724, and 725. 
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• Locations 727 and 728 specify the vehicle service life and number 
of landings which are used to calculate wing fatigue spectnun 
data. Suggested service life and number of landings for the dif­
ferent vehicles classes are as follows: 

-

Vehicle Class Location 27 Location 28 

Fighter, Attack 4,000 4,000 
BI Banber 5,000 2,500 
BII Bomber 10,000 4,000 
Cargo Assault 20,000 30,000 
Cargo Transport 30,000 12,000 

• Locations 731 through 734 specify the limit maneuver load factors. 
Suggested values fran MIL-A-8861 are as foll~s (reference loading 
conditions 1 through 7, Table 6): 

Location 

Vehicle Class 31 32 33 
I 34 

Fighter, Attack .o 6.5 -3 .0 4.0 
BI Bomber 4.0 4.0 -2.0 2.5 
BII Banber 3.0 3.0 -1.0 2.0 
Cargo Assault 3.0 3.0 -1.0 2.0 
Cargo Transport 2.5 2.5 -1.0 2.0 

• Locations 735 and 736 specify the vehicle pitch and yaw accelera­
tions. During the preliminary design phase, it is difficult to 
ascertain acceleration data. Suggested rule-of-thumb values for 
these data locations are as follows. (reference loading condi­
tions 20 through 23, Table 6) . 

Vehicle Class Location 735 Location 736 

Fighter, Attack 6.0 - l.5 
BI Banber 3.0 -0.75 
BII Banber 2.0 -0.5 
Cargo 2.0 -0.5 
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• Location 737 specifies the stall speed used in calculating the 
design speed for the flaps - down maneuver loading condition at 
~W (reference condition 8, Table 6). 

• Location 738 specifies the flaps-down stall speed used in calcu­
lating the design speed for the landing loads condition at LOW 
(reference condition 9, Table 6). 

• Locations 741 through 749 specify the landing gear geometry. The 
data in these locations are shown in Figure 18. 

• Location 789 specifies the equivalent cabin pressure altitude. 
The ambient pressure at the vehicle altitude is subtracted from 
the ambient pressure at this altitude to determine the maximum 
differential cabin pressure. Currently, these data are printed 
by the output module as part of the dimensional and structural 
data only. 

• Locations 951 through 1069 specify the wing, horizontal and verti­
cal tail geometry and synthesis cut locations. The data in these 
locations are shown in Figure 19 through 21. These data are 
also required in the wing data block. 

• Locations 1081 through 1155 specify the fuselage geometry. The 
data in these locations are identical to the data required in the 
fuselage data block. Expanded explanations are presented in Sec­
tion VII of this volune. Required fuselage data are shown in 
Figure 22. The curves in Figures 23 should be used to derive the 
perimeter correction factors, Kc, required in locations 1126 through 
1135. These factors are required if a value of 2.0 is specified 
for the data set control word in location 1081. 

• Locations 1180 through 1360 specify nacelle and air induction sys­
tem geometry. The data for these locations are identical to the 
data required in the air induction system data block, and are 
discussed in Section V of this volune. Required nacelle and air 
induction system data are shown in Figures 24 and 25. 
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-----JOB ----ti EA 

X=O 

BP(Y)=O ----~------,---=-u---,r-~---,r----....-------

I f 101 7= 1 . 0, 
input Y(struct) 
for Y(l)-Y(ll) 

Y(2)-Y(ll) 
1020-1029 

Input based on total area, 1030=0.0 

EA 

I f 10 1 7=0. 0, 
input BP for 
Y(l)-Y(ll) 

y ( 1 ) 

- - -~r-t-----==--v------;-lO_l_9_=_o_.o-t---.---Fuse lage 
shear ti e 

, ..... --308 ------~,=----=......+i Y(2)-Y(ll) 
1020-1029 

X=O 

Y(2)-Y(II) 
1020-1029 

I f I O I 7= I . 0 , 
input Y( s truct) 
for Y(l)-Y(ll) 

Input based on expo ed area, 1030=1.0 

Figure 20. llori : onta l t ail locati on ~111d S)llthcs i s cut s . 
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• Locations 1401 through 1448 specify the blocked mission segments 

used to detennine fatigue spectnm data. If this data set is not 

input, pertinent blocked mission segment constants from the SWEEP 

pennanent data bank are used (DS array). Data contained in the 

data bank are described in Table 7. 

TABLE 7. BLOCKFD MISSION SECNENTS 

Blocked Average Average Wing Weight Life 

Usage Mach Altitude Sweep Fraction Fraction 

Segment No. (ft) Position W/WO T/T L 

Fighter Class 

Ascent 0.70 15,000 Fixed 1.00 0.07 

Cruise 0.70 20,000 0.95 0.15 

Cruise 2.00 40,000 0.80 0.10 

Cruise 0.90 25,000 0.80 0. 20 

Cruise 0.85 0 0.80 0.15 

Air-ground 0.80 0 0.80 0.10 

Air-air 0.80 10,000 0.75 0.05 

Loiter/ 0.60 10,000 , 0.70 0.18 

descent 

Attack Class 

Ascent 0.70 15,000 Fixed 1.00 0.08 

Cruise 0.70 10,000 0.95 0.25 

' ruise 0.85 40,000 0.80 0.20 

I 

Cruise 0.80 0 0.80 0.1 2 

89 



TABLE 7. BLOCKEQ MISSIOO SE<..MENTS (CONT) 

Blocked Average Average Wing Weight Life 
Usage Mach Altitude Sweep Fraction Fraction 

Segment Na. (ft) Position W/WO T/T 
L 

Attack Class (Cont) 

Air-air 0.95 10,000 Fixed 0. 75 0.05 

Air-ground 0.80 0 0.80 0.1 2 

Descent 0.60 15,000 0.70 0. 08 

Loiter 0.60 10,000 0.70 0.10 

BI Class 

A:.cent 0.70 15,000 Fixed 1.00 0. 08 

Cruise 0.70 10,000 0.95 0.20 

Cmise 0.85 40,000 0.80 0. 25 

Cruise 0.70 0 0.80 0.1 2 

Cruise 0. 75 5, 000 0.75 0.05 

Cm i e 0.60 0 0.80 0.1 2 

Descent 0. 60 15 , 000 0.70 0.08 
I 

Loiter 0.60 10,000 0.70 0. ] 0 

' 
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TABLE 7. BLOCKED MISSION SECMENTS (CONT) 

Blocked Average Average Wing Weight Li fe 
Usage Mach Altitude Sweep Fraction Fracti on 

Se~ent No. (ft) Position W/WO T/TL 

BII Class 

Ascent 0.355 0 Fixed 1.0 0.104 

Cruise 0.70 30,000 0.8611 0.0654 

Cruise 0.70 30,000 0.8611 0. 6199 

Refuel 0.70 25,000 1.0833 0.0407 

Cruise 2.20 50,000 0.6944 0.0269 

Penetrate 0.85 0 0.8611 0.1081 

Penetrate 0.95 0 0. 6944 0.0232 

' 
Penetrate 0.55 0 0.75 0. 0118 

C - Assault Class 

Ascent/ 0. 60 20,000 Fixed 0.94 0. 21 85 

descent 

Ascent 0.60 20,000 1.10 0. 0044 

Ascent/ 0. 40 5,000 0. 94 0. 0332 

descent 

Cru ise 0. 75 40,000 0. 94 0.3341 

Cruise 0.75 40,000 1. 06 0. 0255 
. 

Cruise 0. 65 20,000 0.94 0.0354 
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TABLE 7. BLOCKfD MISSION SE(){ENfS (CONCL) 

Blocked Average Average Wing Weight Life 

Usage Mach Altitude Sweep Fraction Fraction 

Sepnt No. (ft) Position W/\~O T/T 
L 

C - Assault Class (Cont) 

Cruise 0.47 10,000 Fixed o. 91 0.0135 

Cruise 0.456 1,000 t 0.91 0. 3354 

C - Transport Class 

Ascent 0.50 20,000 Fixed 1.00 0.05 

Ascent/ 0.50 10,000 0.70 0.05 

descent 

Cruise 0.80 30,000 0.80 0.25 

Cruise 0.85 40 ,000 0. 75 0.30 

Cruise 0. 75 25 , 000 0.80 0.15 

Cruise 0. 70 15,000 0. 70 0. 10 

Cruise 0.65 10 ,000 0.70 0. 05 

' Cruise 0.55 1,000 0. 70 0. 05 

92 



\0
 

(.
,,

j 

T
A

B
LE

 
8

. 
C

l:N
E

R
A

L 
D

A
TA

 
D

E
S

C
R

IP
TI

O
'-J

S
 

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
 

• • • 

C
l7

1\
:~

li
•H

 
C

A
T

A
 

A
PF

A
 

LO
C

A
TJ

C
.N

5 
l-

7C
,O

 
• 

cr
~

~
T

A
N

T
S

 
JN

 
T

H
fS

E
 

L
O

C
A

T
IO

N
S 

A
~F

 
ST

O
R

ED
 

ON
 

P
E

R
M

A
N

F
N

T
 

F
IL

E
 •
•
 

IN
P

l'
l 

~
•v

 
&

F
 

U
S

F
n

 
TC

' 
f?

V
F.

R
R

J[
)[

 
T

M
E

S
F

 
C

O
N

ST
A

N
T

S.
 

• 

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
 

L
O

,:
 J

. T
lf

"I
~

 ~
 

l ~
 

4 c.,
 6 7 f <.
 

I
(
 

l 
l 

1~
 

1 
3 

1
4

 

1~
 

lo
 

1
7

 
1 

f, 
1 

<,
 

7
('

 

2
1 

( 
,:;

~ 
S 

TA
 f\:

 l 
=

 
1 

• C
 

C
O

N
~

lA
N

l 
=

 2
.0

 
rC

'r
.~

T
a

r,
1

 
=

 3
.o

 
cn

r-
J$

lA
N

T
 

=
 
4

.0
 

(r
N

~
 ·,

 A
N

T
 

=
 

a; 
.C

' 

c
n

N
S

T
A

N
T

 
=

 6
.0

 
(C

N
S

T
A

N
l 

=-
7

.C
t 

C
G

N
S

T
A

N
l 

=
 

~
.o

 
r.

r~
J
~

lA
~

l 
=

 
Q

.O
 

(f
'.

W
S

ll
N

l 
=

 
1

c
.o

 

( 
C

:N
S 

1 
A

 N
T

 
=

 
1

1
 •

 0
 

C
f'N

ST
A

N
T 

=
 

1
2

.C
 

C
G

'JS
TA

N
T 

=
 

2
0

.0
 

(Q
N

S
lA

~
l 

=
 

1
0

0
0

.0
 

O
E

S
C

~I
P

T
JO

N
S

 

C
U

~
S

T
A

N
l 

=
 

3
.1

4
1

5
9

2
7

 
(P

T
I 

C
~

N
S

lA
N

l 
=

 
0

.0
1

7
4

5
?
?
9

 
C

P
J
/1

8
~

1
 

ro
N

~
T

A
~

T
 

=
 

1
4

4
.0

 
r

c
~

S
T

A
N

T
 

=
 

2
4

.C
' 

C
P

N
S

T
i~

T
 

=
 

<
'.

~
 

C
 (J

N
S

 l 
A

 l'-
:T

 
=

 
J 

• 
5 

C
O

N
ST

A
N

T 
=

 
0

.3
3

3
:!

)3
3

3
3

 
(1

/3
1

 
7

£
 

(~
~

~
T

A
N

T
: 

0
.9

5
 

2
3

 
r~

~
S

lA
N

l 
=

 
o

.?
5

 
2

, 
c~

N
ST

A
N

T
 

=
 
r.

o
 

;r
. 

C
l~

S
l,

N
l 

=
 

l.
4

1
4

2
1

3
5

6
2

 
SQ

U
A

R
F 

RO
O

T 
O

F 
TW

O 

2
t 

C
CN

~
1

A
~

l 
=

 
3

2
.1

7
4

C
4

9
 

C
-R

A
V

JT
A

T
IO

~A
L

 
A

C
C

E
L

E
R

A
T

IO
N

 

;'
7

 
c
n

rJ
S

lA
N

T
 

=
 

1
8

0
.0

 
?E

 
r

n
~

S
T

A
N

T
 

=
 

1
.7

3
?
0

5
1

 
SQ

U
A

R
F 

R
n~

T
 

rF
 

TH
R

EE
 

2
~

 
2

.
5 

LA
N

O
 

T
O

 
(C

V
fR

 
P

tT
IQ

 
-

M
A

X
IM

U
M

 

:-
( 

l 
.:

>
?

3
3

3
:: 

A
D

D
J 

lI
C

•~
l>

L 
F

-A
(l

t,R
 

O
J.:

 
SA

F~
T

Y
 

-
H

U
M

A
N

 
EN

V
IR

O
N

M
EN

T 



\0
 

~
 

"l
 ,

 
1 

C
 

-•
-

3
2

 
!. 

• 
? 

::q
 

:,
.n

 
3

4
 

TA
BL

E 
8.

 
GE

NE
RA

L 
DA

TA
 D

ES
CR

IP
TI

O
N

S 
(C

O
N

r) 

L 
T

~
tT

 
T

r,
 

IJ
L

T
l"

-1
.\

T
E

 
F

A
C

T
U

S:: 
-

~
~

Y
,.

.f
P

S
~

-H
"1

(1
( 

4
T

 
V

t-
' 

t.
N

I)
 

!T
A

T
J(

 
P

P
E

S
S

U
~

E
 

A
T

 
V

t 
L

f~
JT

 
T

n
 

U
L

T
l~

4
T

E
 

F
lc

-r
o

 
-

~
A

~
M

F
~

S
µ

n
~

~
 

t.T
 

V
l 

T
f.

X
! 

L
C

!t
()

 
F

t.
.C

T
O

P
 

F
 L

 U
T

 T
 r

 D
 

S
P

 E
E

 D
 

:--4
 A

 k
 S

 P
~

 
-

J 
J:"

 
~ 

,..
 T

 
J 

~• 
P

' J
 T 

, 
F

A
('.

' T
 n

 D 
~

T
('

P
.f

fl
 

I"
" 

P
[~

'1
.\

t~
~

~I
T

 
t:

tU
T

T
~

P
 

A
'!

"
 

T
J:

~
P

F
P

A
T

 f
O

f 

C
t,

T
t,

. 
0
►
C
Q
R
!
)
 

IS
 

U
S

E
C

. 
(S

F
F

 
v

et
 

IV
, 

P
t.

P
T

 
2

, 

T
l'
:P

t=
 

1
1

) 
3 

5
-

Q
 O

 
~

I 
l 

T
 

U
 ~ 

ff
"'

 

P. 
l 

e 
'? 

E
3

 
E

4
 

f-
5

 
e

t-
e

7
 

~
p

 
e

9
 

~
o

 
c
l 

0
2

 

c
3

 
c
.4

 
c;

 c
; 

O
f 

<
;7

 

9
e
 

C:
=C

 

L
O

O
 

10
1 

lJ
~ 

l
O

"l
 

l:
:, 

4 
to

e
 

!_
0

6
 

rr
M

~
T

A
P

.!
T

S
 

-
~

T
t.

1
-.

ti)
A

R
Ll 

;J
A

Y
 

,l
T

W
C

5
'P

µ
fO

J
( 

P
!~

A
'1

E
T

fO
.S

 

~
f.

:P
<

"?
~

O
-­

?
ll

fi
.?

2
 

1
.O

'J
t-

e
1

c
5

".
l 

~
.2

c;
~

,:
,l

 
fC

:.
f-

J
f~

Q
 

7
0

.~
0

5
5

':
i 

4
1

1
.-

t:
-~

 
l0

4
.«

::
P

6
lP

 
1

?
4

.3
4

5
 

L
 ri

(
 A

 T
l 

O
N

 S
 

8
1

 
H

-t
o 

I I
 

l 
'J 

8 
A

t T
 f 

TU
O

E 
-

A
~R

l~
N

T
 

P
F

E
5

S
U

R
E

 
A
T
~
~
~
 

lf
V

E
L

 
(U

P
V

F
 

F
IT

 
C

O
N

ST
A

N
T 

C
lP

V
F

 
F

IT
 

C
O

N
ST

A
N

T 
A

L 
TT

 T
lJO

E 
C

U
D

V
E 

F
IT

 
C

J
N

S
T

A
N

T
 

A
M
P
J

►
N
T
 

PP
E

SS
U

R
E

 
A

T
 

~6
Y

 
F

T
 

-
-

A
L

 T
J
 T

U
O

c 
A

~~
JE

N
T

 
PR

ES
SU

R
E 

A
T

~
~

" 
~

T
 

C
U

~V
E

 
F

IT
 

c,
N

S
~A

N
T

 
C

~
~

V
F

 
F

IT
 

C
~N

ST
A

N
T 

C
U

P~
~ 

F
IT

 
C

O
N

ST
A

~T
 

J
,Q

0
•
0

'7
Q

 

-
3

4
.]

t-
3

4
 

l'
l.

5
4

~
f4

l 
lP

.1
3

! 
-

A-
M

P!
'=

~T
 

PR
.E

SS
~F

i.E
 -

A
t 

.l
'l

S
I'

 
FT

 _
_

 _
 

1
.5

"1
f-

!"
 

4
!1

.5
~

 
-1

2
.?

0
J
:>

 
1

5
4

.l
C

0
4

~
 

r
;!

fl
.6

7
C

 
3-

.~
f.

l-
!f

-

C
IJ

FV
!: 

F
IT

 
C

O
N

ST
A

N
T 

t~
P

!~
~

!T
 

T
E

'-4
P

. 
AT

 
lr

)'
it

<
 

fT
 

C
U

PV
E 

F
IT

 
C

JN
ST

A
N

T
 

A
L

 T
T

 T
lJ

O
E

 
A

M
D

J~
~T

 
AT

 
SE

A
 

L
E

V
FL

 
(U

O
V

E
 

F
IT

 
C

J~
ST

A
N

T
 

3
~

0
.c

~
,J

 
A

~
0

T
F

lq
 

T
l:

M
P

. 
B

E
T

W
".

:F
N

 
3'

:>
te

 
A

N
{'

 
,,6

11
 

C
T

 

J.
c
c
r0

0
2

0
4

 
(U

PV
E

 
F

IT
 

C
JN

ST
A

~T
 

-
-

--
--

yo
;~

.:~
,-

-
-

· 
P

S
~ 

lC
'O

O
-F

T
 

P
S

F
 

-
-

P
S

F
 

lO
IJ

O
-F

T
 

PS
F 

p-
~-

~ 

1'
.'F

f~
P~

FS
 

0 

1
0

0
0

-~
 ...

 
C

fG
P

~
E

~
 

o 

IJ
E

G
P

E
E

5 
0 

c:
;-:

:. 
"1

 
-

-
• 

I 
f-

t.
~

 
rr

N
ST

A
N

T
 

C
T

-L
P

/L
~

/D
f'

.~
 
~
 

1
.4

 
0.

.c
::-

~
c;

 
, 

"l
 t

: 
... . . 

,, 

0 
• 

"l
 

1
-I

\T
f

•J 
O

F 
S

P
c:

':
lF

IC
 

~
[A

..
,.

S
 

r•
~

S
 ...

 h
~

T
 

PR
:s

su
~~

 
P

~
co

v
~

o
y

 
c
it

~
. 

r C
',. 

c:, 
T

 
f, 

'.I
T

 
p 

G. 
=

 s s
 UF

 f:
 

p 
':

 C
 r 

V
 ►
 p

 V
 

r. t
, L

C
 •

 
f

rl
\'

~
T

iN
T

 
F

L
J
h

 
A'

T 
c.

l\
;r

,J
p

.•
f 

ur
-·

 



l,
O

 
V

, 
-

-
-

-

1
0

7 

lJ
 '3

 

1o
q 

1
1

0
 

1
1

1
 

ll
?

 
1

1
3

 

TA
BL

E 
8.

 
GF

.N
ER

AL
 D

AT
A 

D
ES

CR
IP

I'I
O

N
S 

(C
OI

TT
) 

~
-"

 
cr

~
~

T
ft

N
T

 
FL

U
~ 

A
T 

E
N

~I
N

F
 

•4
~

 

~
fo

.
J 

c
c

~
v

~
0

s
1

0
~

 
J~

J~
E

cS
 

~ 
TC

 
C

fr
:R

E
F

S
 
~
 

rP
,.

JS
T

tt
-.

1
r~

 
-

s0
11

<
~

 
"-

'~
IG

H
T

 
E

fl
ll
A

T
J
r~

,s
 

-
to

e
. 

1
0

0
 

T
H

PU
 

1
1

! 
1

?
.5

~
 

S
O

JV
f 

W
T.

 
E

S
T

. 
~

Q
U

A
T

tr
" 

fa
(T

O
P

S
 

-
FJ

X
 

1
5

.f
5

 
-

T
~A

N
C

:L
A

T
JN

G
 

~
!.

~
 -

-
-

r:x
o~

N
D

fN
f. 

-
f

8
N

~
T

A
~

·T
S

 
-

O
tJ

C
T

 
D

E
S

IG
N

 
P

A
P

~
l'i

'F
T

rp
c
; 

L 
r:'

C
 A

T
 I
l•

N
 S

 
1

1
2

 
T

H
P

 11
 

1
4

4
 

O
.P

 
r C

"'"
 ~
 T

 .\
N

T
 -

S
T

 A
T

 I 
C

 
P

r 
C: 

<.
$L

I F
 E

 
C

 A
L 

C
 • 

o
.o

i;
 

ff
't.

.C
:T

I\
N

T
-S

T
~T

IC
 

P
~

E
5S

tJ
D

f 
C

A
L

C
. 

1
1

4
 

4
0

0
. 
'l
 

cr
~(

T
A

N
T

-H
A

4M
c~

S
H

n
fK

 
P

P
fS

S
U

P
F

 
C

A
L

C
. 

(
(
1
"
!
5
T
A
N
T
-
H
A
~
M
E
~
S
~
-□
r
i<

-·
o
p
r
s
c
;
u
o
f
-
C
A
C
c
;

-
-

-
--

--
--

-
-

-
1

1
5

-
-l

.O
t<

H
'.

'5
f 

l
l
f,

 
o

.0
2

A
0

1 
'=i

t: 
1

1
.,

 
1

.:
.1

5
0

1
1

7
 

1
1

8
 

O
.f

:f
4

3
lQ

 
1

1
° 

t.
5

 
1

2
0

 
_

_
_

 
O

.O
·)t

-0
2

f-
2

7
 

1
2

1
 

o
.,

,s
~

o
7

2
r;

 
1

2
?

 
3

.l
fs

:;
I'

)~
 

t2
3

 
1

.5
~

p
c
:2

4
 

1
2

4
 

ll
O

il
.O

 
1

2
 5

 
., 

• 
c; 

co
~

~
T

A
N

T
-H

A
~

~
E

P
S

H
JC

, 
P

P
F

~
S

U
O

f 
C

A
L

C
. 

rc
~

S
T

A
N

T
-H

A
M

M
i:

~
S

H
o

c
, 

P
F

:E
c;

su
q

e
 

C
A

L
C

. 
C

f'P
>.

i5
TA

N
T-

H
A

-.M
:R

.S
H

O
C

K
 

P
P

fS
S

1
iR

E 
C

iL
t.

 
--

-
-

c
rN

~
T

A
N

T
-H

A
~

H
E

R
S

H
O

(K
 

P
F

F
S

S
U

Q
E

 
C

A
L

C
. 

rr
N

~
T

A
N

T
-H

A
~

M
E

~
S

H
O

C
t<

 
P

P
F

S
S

U
P

E
 

C
A

L
C

. 
c
rN

S
T

A
N

T
-t

1
A

M
r-

1E
R

S
H

O
C

t<-
P

P
.F

 ~
 ~

U
Q

E
 

c 
A

 L
e

:-
--

--
-

-
·-

-
-
-
-

c
r

N
S

T
A

N
T

-H
A

M
M

cR
S

H
O

C
K

 
PP

FS
SU

R
E

 
C

A
L

C
. 

C
P

~S
T

A
N

T
-H

A
~M

c~
SH

O
C

tc
 

D
PE

SS
U

O
E

 
C

A
L

C
. 

. 
·-

C
G

N
~T

A
N

T
-H

A
~M

E
PS

H
O

C
K

 
P

P
E

SS
U

P
F

 
C

A
lC

. 

_
_

_ l
?'

-
-

0
.7

'7
('

4
7

6
 

•)-
. 

1 
4 

Q
 
;,

 5
1 

~-
-

rr
r-

J~
T

.\N
T

-t-
-A

M
M

cR
SH

O
C

tc
 

P
P

~S
5l

JQ
f 

C
A

L
(.

 
rn

~~
T

,N
T

-H
A

1M
::

R
SH

Q
C

1t
 

P
P

~S
S

U
P

f 
C

A
L

(.
 

c
rN

 s
 T 

tN
 T

-H
A

 '1
'1

E
 R

-s
~

 o
c 

tt 
P

JI
 F

. (
 s

u
q

f 
-E

A
u~

· ~
 -

--
· 

1
2

,.
 

1
2

?
 

4
.?

1
'1

7
~q

 
1

2
° 

;: 
• 

1 
~ 

4
0

 ~
:')

 

1
3

0
 

o
.1

0
.0

 
~

3
1

 
1

.~
,P

1
-1

' 
1

3
1

 
ri

.?
)?

r"
f1

"
P

 

!. 
3

?
 

D
.4

°
,.

?
~

,r
; 

l 
~

4
 

0
.4

f"
"

1
 ~

t-
t3

~
 

.. 
,I

J
.C

 
l?

~
-'

!.
4

0
 

P.
lf

'T
 

t•
~

F
"'

. 
1.

4~
 

l.
t-

l.4
'.' 

l.
4

1
 

1
4

4
 

o.
~

0
4 

'"
'•

"'
C

1

4 
C

 • 
C' 

., 
,,

 ., 

ra
~

C
:T

A
N

T
-~

A
~

M
E

~
S

~
~

rv
 

p~
~

~
S

U
P

F
 

C
A

L
(.

 
co

~~
T

A
N

T
-H

A
~M

~R
SH

O
C

lt 
PD

E
S~

U
Q

f 
C

A
L

C
. 

C
O

 t-
1 
~ 

H
 

N
T 

-
HA

 '1
 ~
 E

 R
 S

t I
 O

 C
 It 

P
 F

 i: 
~ 

S
 ti

 Q
 f 

C
 " 

l 
C

 • 
rr

N
ST

:'~
T

-H
A

~M
E

I\
St

-'O
C

Y
. 

Pf
:'~

SS
U

Q
f 

('.
A

L
C

. 
r

n
~s

T
~N

T
-H

A
~M

E
R

SH
Q

rt
< 

P
~E

S
S

U
Q

f 
C

A
L

C
. 

('
1

~
• S

T
 ~

N
 T

-H
A

11
1M

E
 R

.S
t-'

 ::J
C

 I(
 

P
F

 E
 5

 S
tl

~-
f-

C
 iL

 t:
~

-
-

r0
P

.~
T

A
N

T
-H

A
~~

~R
SH

or
1t

 
P

F
~

S
~

U
Q

[ 
C

A
L

r.
 

rc
N

C
:-

T
tN

T
-~

t•
M

cR
S

H
O

rl
f 

P~
fS

C
:-U

P~
 

C
~

L
C

. 

(
('"

-C
::T

f,N
T

-t
f,

\'4
~

E
F

cS
H

Q
rt

<
 

r,
rr

-c
;5

1_
1Q

f 
C

A
L

C
..

 
('

!"'
ti

~
T

M
H

-I
-I

A
~M

::
F

5~
nr

l(
 

P
P

fS
C

:-
U

Q
f"

 
(
A

t
(
'.

 

l'.'
n

"-
c:

:T
l\l

\,
T

-H
~

~
M

i:
P

S
 ..

. f
lO

' 
p

~
c
c
;5

t,
jQ

f 
C

~
L

C
. 

r
r
,

,5
T
"

~:
T
-
-
➔
A'
"°
''

'=i
:-
s
w
1
r
"
 

r,E
;~

s~
•J

oi
= 

c
~

L
':

. 



~
 °' 

~
4

5
 

l4
l-

14
"'.

' 

?
~

1
)

.
C' 

':
'e

C
lC

. 

')
.e

7
c
; 

TA
BL

E 
8.

 
GE

NE
RA

L 
DA

TA
 D

ES
CR

IP
I'I

O
N

S 
(C

D
N

f) 

P
U

L
!: 

-:-
r: 

fl-
H

JM
'1

 
'~

U
p,

',8
[ 

'-
r
f
 

r 
1 .1

t 
=. 

"
i=

 
n

•u
'4

b
 

-, 
1 

"J
G

 

-H
.J

t(
ll

'J
~

T
A

L
 l 

~ 
"-T

 t
 ~

r: 
<; 

~T
P~

C
T

U
~

A
l 

!I
P

 
S

T
A

T
IO

N
, 

F
R

~
C

T
J
~

N
 

n
i:

 
rx

P
n

S
F

~
 

<;
P

A
N

 

l4
~

 
o

.o
"'

c
. 

-V
::

P
T

IC
A

L
 _

 --
···

 _
 

1
4

<
:;

-l
~

O
 

M
O

T 
IJ

~
=

=
~

­
r

r-
N

ST
I\N

T
S 

-
A

IS
 

lN
J 

E
~G

IN
E

 
~

E
rT

JC
" 

C
JP

S
T

 
P

4S
S

 
C

ST
IM

A
T

cS
 

L
C

C
A

T
!r

.N
!:

 
l'

H
 

T
H

R
ll 

1
6

1
 

W
~J

<;
~T

 

1
5

1
 

1 
--

~
 

1
5

~
 

-
-

1
5

4
-

1
5

5
 

1
5

6
 

1
5

'7
 

1
5

8
 

1
5

° 
-
-

-
-·-

-
lt

:O
 

L
f 

l 

1
6

2
 

l 
6 
~
 

--
-

l6
4

 
i.

f:
5 

lt
-

6 
lt

 ~
 

le
~ 

lf
O

 
l 

7 
0 

~ 
'7

1 
l"

' 2
 

L.
., 
~
 

7
.0

 
J 
'l
. 

0 
e.

~ 
-

-
-

-
-

4
.0

 
1

.~
 

1
0

.0
 

C
 • 

!= 
1

.0
 

R
L\

.,_
P

 
fS

T
. 

W
T

. 
E

O
U

A
T

J0
f'1

 
·-

('
("

S
T

A
N

T
 

-
((

!\
S

T
A

N
T

 
-

S
::X

f:C
f'•

E
~

T
 

cc
r T

 
tJ

N
 I

T
 

W
= 

1 
G

H
 t 

_E
 .. S

 l' 
1 

_,A
-"'

F
·-

-
-

-
-

--
-

-
P

S
F 

~
E

S
I~

~
 

PR
fS

SU
R

E
 

C
A

L
C

. 
-

C
C

~
S

T
A

N
T

 
-

C
C

._
S,

../
lN

T
 

-
~

x
tc

N
E

ij
T

 
-

I
"
 D

E
X

 
F

A
C

T
O

R
 

?
.5

 
I\

A
(=

L
L

E
 

U
N

IT
 

W
EI

G
H

T 
P

S
~

 

1
2

.0
 

P
Y

L
,N

 
U

N
IT

 
W

E
IG

~T
 

PS
F 

J.
0

1
5

 
C

N
G

JN
E 

M
O

U
N

T 
W

T.
 

E
~

T
. 

F
A

C
T

C
P

 
l~

/L
R

 

(
r

~
S

T
~

N
T

S
 

-
W

fN
t;

 
f 

P
>

S
T

 
PA

SS
 

w
i:

J
~

H
T

-C
S

T
1

"4
A

T
E

S
 

0
.4

3
"' 

-
o~

Tf
°?

 
0

."
'5

8
 

1
1

.t
:0

1
 

0
.2

°
6

 
0

.0
4

0
 

! 
!.

O
'>

O
 

1
. "

l,
; 

0
.3

5
 

'2
'7

.
t.

"7 
1

.0
 

" 
" .

, 
. 
. 

~
 

L
'lC

A
T

IO
N

S
 

1
6

2
 

T
H

R
U

 
1"

7~
 

W
!N

";
 

W
EI

G
H

T 
E

S
T

. 
E

C
IJ

A
T

IC
N

 

r~
 ~

~
T

l~
A

T
l~

G
 

F
\C

T
~

o
 

• 

-
E

X
PO

N
E

N
T

 
-

F
X

°C
N

f'
J
T

 
-

i:
x
o

rN
E

'J
T

 
-

E
X

P
C

N
H

JT
 

-
fX

P
C

N
E

~
T

 
-

fX
P

t:
N

C
N

T
 

-
L

. 
r,

. 
F

!C
T

O
R

 
-

PJ
V

O
T

 
~

~
N

S
T

A
N

T
 

-
PJ

V
('I

T
 

(r
r.

JS
T

t.
'J

T
 

-
c
rN

S
T

 u
,,

T
 

-
, ,

.,r
1f

x 
r: 

~
cr

o
R

 

(
f'

~1
<;

T
f.

f\!
T

S
 

-
tH

1
R

!Z
O

N
T

~
L

 
T

A
IL

 
C

J
O

~
T

 
P

.'l
~·

c-
W

F.
Jr

.t-
JT

 
E

S
T

l~
A

T
F

<; 

l,
..

,(
iT

JL
'!

S 
1

7
4

 
T

,...
c1

1 
1

''
.: 



\0
 

-..
.J

 

TA
BL

E 
8

. 
G

EN
ER

A
L 

DA
TA

 D
E

SC
R

IP
fl

(l
-l

S 
(C

O
N

T)
 

1
7

4
 

l 
7 

a; 
l 

7 
t-

1
7

7
 

1
.,

8
 

i-i,
c;,

" 
lE

O
 

!
S

l 
1.

f 
2 

l'.
'.

4
1

4
 

O
.l

f.
~ 

o
.P

r>
ti

 
0

.0
4

3
 

n
.1

2
1

 
0

.0
?
5

 
t_

?
.~

.,
 

1
.0

 
0

.4
3

 

H
. 

T
A

IL
 

W
E

lj
H

T
 

E
$

T
. 

fP
U

A
T

Jr
~

 
-

~X
PC

N
FN

T
 

-
F.

X
PI

J~
EN

T 
-

E
X

PO
N

E
N

T
 

-
EX

Pn
t-4

EN
T 

-
fX

P
O

~
E

~
T

 
-

E
X

PO
~E

~T
 

-
-

C
O

N
ST

A
N

T 
-I

N
D

E
X

 
FA

C
Tt

:,~
 

r.r
. 

=
S

T
J~

~
T

t~
G

 
F

~
(T

(O
 

C
rN

5
!A

~
T

S
 

-
V

E
R

T
IC

A
L

 
T

A
IL

 
F

JP
S

T
 

P
A

(§
 

W
E

l~
H

T
 

E
S

T
IM

A
!F

S
 

·-
-

-
-

-
-

-
··-

-
-

L
(l

(-
A

T
IO

N
S

-
fe

~
 

T
t-

11
n,

-1
q 

1
e
3

 
0

.3
7

6 
V

. 
T

A
IL

 
W

E
Jj

H
T

 
E

S
T

. 
E

O
U

A
T

IC
N

 
-

EX
PO

N
EN

T 
1

E
4

 
0

.1
2

:?
 

-
E

X
PO

N
E

~T
 

1
e

c;
 

O
.P

7
?

 
-

E
X

~
O

N
E

N
T
-·

 
-
-

-
1

f6
 

0
.~

~
7 

-
E

X
PO

N
E

N
T

 
18

7 
0

.4
e

0 
-
-

-
EX

PO
N

EN
T 

-·-
-1

ae
-

o
~

·o
~

·-
·-·

-
--

--
-

-
•.

 --
-

-
FX

PO
~E

N
T

 
1

8
9

 
1

3
.7

2
 

-
C

O
N

ST
A

N
T 

1
9

0
 

l.
O

 
-

IN
D

E
X

 
F

A
C

T
Q

P
 

1
9

1
 

0
.4

?
 

r.
r;

 
~

5-
T

T
"4

A
T

l~
G

-F
A

C
T

C
~

 
--

--
-

-
-

-

rr
,-

•S
T

A
N

T
S

 
-

L
/\

N
O

(~
G

 
G

E
A

~
 

F
JP

5
T

 
P

A
S

S
 

W
F

tt
;•

H
 

E
S

T
fl.

11
1T

E
S

 

19
'."

 
0

.4
1

 l
f-

1
c
3

 
0

.
7
"
5

t,
 

1
°
4

 
0

.2
'l

~
6

 
1

9
5

 
0

.2
1

0
2

 
1

0
1

,-
1

'3
7

 
N

(I
T

 
tl

~
E

'J
. 

L
"l

C
JI

T
IO

N
S

 ·
1

9
2

-
f~

P
ll

 
,o

s
; 

_
_

_
_

__
_

_
__
_

_
_ 

-

U
..1

~C
't~

tG
 

G
E

A
~ 

W
T

. 
E

S
T

. 
fO

U
A

T
lf

"
 

-
F

X
P

IJ
N

~
~

-'
l 

-
fX

PO
N

E
N

~ 
EX

 P
Of

-.tE
 P-

JT
 

-
C

O
N

S
T

 A
~

fT
 

r
fl

°N
si

',f
N

T
S-

-
~

uS
E

LA
G

E
 

F
iR

.S
T

P
ls

~
 

w
~

rr
;.

.,
r 

E
~

"f
M

A
fF

S
-

-
-

­

i9
8

 
lo

 f?
 

?
)O

 
!O

 1
 

.!
0

7
 

.!O
 :'

 

1 
l 

? 
4 

-. - 0
.1

7
2

 
o

.0
4

~
 

J.
C

'~
c:

; 
o

.;
,'

-~
 

0
.0

'5
.,

 

t
nc

A
rt

o
~

s 
l~

e
 

™
P

U
 

?O
~ 

F
U

C
S

fl
/'.

G
E

 
w

E
:I

G
H

T
 

£
S

T
. 

F
O

IJ
A

T
IC

~
 

-
FX

D
O

N
E

N
T

 
-

E
X

PO
N

E
N

T
 

-
~

xP
rN

~
N

T
 

-
fX

D
C

~E
N

T
 

-
c
k

o
o

N
eN

, 
-

E
X

P
G

~C
N

T
 



\0
 

0
0

 

!0
4

 
?C

 ~
 

!O
f­

?0
7

 

!O
P

 
?
Q

O
 

! 
l 

O
 

! 
:. 

1 
_ ! 
~ 

2 
, ,

 ., 
-. - !
l 

4 
!
!
 5

 

! 
l 

t..
__

. 
?
l 7

 

?l
@

 
.?

lO
 

?
?

O
 

Z
2

i 
!2

1
 

-
·?

zj
-
-

!2
4

 

TA
B

LE
 

8
. 

G
f..

'ff
iR

A
L 

D
A

TA
 D

E
S

C
R

IP
I'I

O
N

S
 

(C
X

N
f)

 

,.
o

 
"

.)
.~

c:
 

0
.4

(
1

 

,.
,,

T
 

II
S

::
r1

 

C
G

 
F

S
.I

M
A

T
J~

~
 

F
tC

T
ro

 
(~

 
F

S
lJ

M
A

T
I~

G
 

FA
C

TC
P 

-
l"

J(
'~

X
 

F
A

(T
Q

P
 

r
(
'~

1
S

T
H

!T
S

 
-

5
t~

F
A

C
E

 
C

J~
T

P
(I

L
S

 
['

JC
::

T
D

JJ
II

IT
JO

N
 

F
1

C
T

O
P

S
 

-
-

-
L

O
C

A
T

IO
N

S
 

2
)
~

 
T

M
0

tl
--
?

!5
·-

--
-

-
-

-
·-

-·
 

-

0
.'

5
~

?
 

0
e
!2

A
 

0
.1

2
4

 
'"

'•
O

~
Q

 
0~

1_
1'

.P
 _

 
()

.~
2

4
 

0
.2

7
4 

0
.2

°
0

 

S
.C

. 
~

E
IG

H
T

 
D

IS
T

P
l~

U
T

tr
N

 
FA

~T
C

R
S 

-
~I

N
G

 
-

H
. 

T
A

IL
 

-
V

. 
T

A
IL

 
-

FU
SE

LA
G

E 
-

FU
Sf

L
A

r.
F 

• 
-

-
W

IN
G

 •
• 

-
-
-
-

-
H

. 
TA

 I
L

 
-

V
. 

T
A

IL
 

C
f'N

ST
A

~T
S 

-
~T

SC
E

L
L

A
~E

O
U

S 
L

O
C

A
 T

l 
O

N
S

 
2

1
 b

 
D

IS
T

F
tP

U
T

tC
N

 
rA

C
T

P
~

s 
!'H

PU
 

.,
?
~

 
')

.
~

 
0

.1
0

 
')

.~
')

 

C
.?

:3
·) 

0
.2

c
; 

.-
J

. 
2

0
 

'.1
.'5

0 
5

0
0

.0
 

1
.o

c
; 

-
-

-
-

ac
uo

tA
M

E
N

T 
-

l~
ST

P
U

M
E

~T
S 

t~
ST

P
U

,..
E

N
T

S 
-

H
V

O
PA

U
L

IC
S 

E
L

E
C

T
PI

C
A

L
-

-
A

IO
 

C
C

N
D

. 
-

E
L

E
C

T
R

O
N

l(
S 

-
-

-
A

q
M

A
M

E
N

T
 

--
-
-

--

~U
Sf

L
A

G
E

 
N

O
SE

 
SE

C
T

T
~N

 
~

f(
V

fT
Q

y
 

C
A

LC
. 

C
0

0
S

S
-S

E
C

T
IQ

~
 

F
A

C
T

nP
. 

!~
5

 
o

.c
P

, 
T

(L
~

~
A

N
C

E
 

L
l~

IT
 

O
N

 
5H

A
PF

 
(f

Q
~

E
C

T
IQ

~
 

FA
C

T
PP

S-
L

W
~ 

T
rL

E
~~

N
C

E 
L

l~
IT

 
ON

 
5H

tP
F

 
r~

Q
0~

~
T

JO
N

 
~

A
C

T
O

O
S

-U
P

P
 

!2
f 

1
.0

?
. 

_ 
?
J
7

-_
7

')
,: 

P.
~:

)_
T

 
~J

j
l:

('
_ 

..
..

..
..

..
..

..
..

..
..

..
. , 

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

. .
 

• 
VA

~ 
T

~~
L

F 
rA

T
A

 
pc

G
JO

N
 

L
O

SA
T

IG
N

S 
7

0
!-

!4
4

9
 

• 
• •

 •
 • 

• 
• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• •
 •

 •
 • 

• 
• 

• •
 •

 • 
• 

• 
• 

• 
• •

 •
 •

 •
 •

 •
 • 

• 
• •

 •
 •

 •
 •

 •
 •

 •
 • 

• 
• 

• 
• 

• 
• 

• 
• 

• 

•0
1

 
v

r~
JC

L
 !

: 
fl

A
~

S
. 

_ 
EL

'?V
C:

M
 

C
.l

.0
)=

f-
J'

."
;H

T
E

tS
 

M
J(

" 
t,

T
T

A
(
I(

. 

T
\o

'f:
f-

1T
v
-r

.i
'-

IF
 

,.
,1

.J
)=

B
O

~
B

E
~

S
. 



l,
C

) 
IO

 

,o
, 

7
0

?
 

7
Q

4
 

_ 
. ..

 .
. _

_
_

_ '
 0

 15
 

ro
~ 

•0
7

 

1
1

)~
 

, 
.)

fl
 

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-.. -
--

TA
BL

E 
8

. 
G

EN
ER

A
L 

DA
TA

 D
ES

C
R

IJ
Y

I'I
O

N
S 

(O
O

N
I')

 

T
.,

qo
T

Y
-C

P
•r

. 
(~

~
.O

t=
T

P
A

N
S

P
(I

F
 T

S
 

l=
P

F 
W

.,
_

-:
':

lf
~

 
V

E
M

(C
L

E
S 

T
~

JP
T

Y
-T

~
~

 
(
,?

.J
t=

 
T

~
JP

•y
-T

~
P

~
~

 
,,

3
.0

)=
T

~
l~

S
P

Q
R

T
~

 
F

nF
 

A
~L

K
 

(
~

Q
r.

a.
 

T
~

fD
T

Y
-F

n
u

o
 

f3
4

.0
)=

 
T

p
JP

T
Y

-F
l~

E
 

(,
5

.0
)=

T
f~

N
S

P
C

R
T

S
 

fQ
Q

 
O

fP
Sr

~
~

F
L

. 
T

p
fo

T
v-

s-
cx

--
··,

,6
.o

f=
-

• 
V

~
F

IA
P

L
~ 

~~
E

E
P

 
I~

rI
C

A
T

U
~

. 
Zf

Pl
"'I

 
i0

.'
J
t 

CR
 

RL
A

N
K

 
f 

-=
F

IX
E

D
. 

P
ll
:S

 
(
+

)
 

=V
A

Q
IA

~L
F

. 
l
~
~
~
I
~
G
 

~
fA

P
 

IN
O

l~
A

T
O

R
. 

lf
P

U
 

f
·J

.O
) 

CP
 

A
lt.

N
I<

. 
( 

)=
F

U
S

E
L

A
r.

i=
 

~r
.U

N
T

E
O

. 
-

--
p

~
·-r

 
-

fi
:o

i 
• 

·-
-·

--
-

-
=

,H
~

C
. 

-
""
□
l
J
,
-
•
T
~
O
.
-
-
-
-
-

M
(l

D
J
Z

r,
tT

iL
 

T
A

IL
 

l"
-1
0

1
C

t.
T

J
~

. 

lE
A

O
 

(~
.O

l 
~

p
 

A
L

A
N

~
 

( 
l=

S
~

E
A

O
 

T
ff

 
-

S
L

A
P

 
T

A
IL

. 
r,

-,
E

 
f 
l.

O
) 

=
S

H
E

A
~ 

/.
N

O
-

M
C

~E
~T

-T
ff

. 

TW
O 

C
 2

.0
1

 
=

S
P

I 
N

D
L

f 
,_

C
IJ

N
T

E
'r.

. 

_
y

F
P

:T
r.!

'=
. 

_T
~

•~
J
~

ll
H

;~
T

_Q_
R_

. 
-

-
-

-
--

--
~

-
-

]f
C

~
 

(O
.O

) 
ro

 
qL

~N
K

 
C

 
l=

S
H

E
A

R
 

T
IF

 
-

S
lA

B
 

T
A

IL
. 

N
E

 
c
t.

o
, 

=
SH

E
A

R
 

A
N

O
 

~c
r-

-E
N

T
 

T
IE

. 

T
~
~
 

(2
.0

) 
=

S
P

IN
u

lF
 

M
ru

~
T

fO
. 

A
l1

X
IL

T
A

~Y
 

P
~l

iiF
P 

II
M

IT
 

C
A

P
U

t.
 

Z
FR

O
 

fO
.O

) 
CP

 
R

lt.
N

K
 

( 
l=

N
A

C
fL

L
E

 
M

C
tJ

N
T

E
O

. 
PL

U
S 

C
+

) 
=

F
U

S
E

L
A

~'
: 

M
rU

~T
E

O
. 

>
 10

01
' 

• 
0

-l
O

'l
ff

. 
>

 10
01

< 
• 

'l
-1

0
0

1
<

. 
>

 10
0f

t 
• 

0
-l

~
O

K
. 

PIJ
{
'f

fl
L

':
 

C
')

C
A

T
J(

'P
I 

TN
D

IC
~

T
ri

~·
. 

··
--

-
-

•• 
-
-
-

-
-

-
• 
-
-
-
-

·· 
-

7F
P

n 
(!

'l
.0

1
 

rp
 

A
L/

\N
t<

 
( 

t=
W

IN
G

. 
fN

~ 
C

!.
O

) 
=

F
U

S
E

L
A

~
E

. 
H

'1
f-

!Z
P

J
T

A
L

 
T

A
JL

 
L

C'
C

JI
.T

I
O

~ 
IN

'.
)I

C
!T

rP
. 

z
rc

n
 

(J
.O

) 
rP

 
~

L
tN

r 
( 

t=
F

U
S

E
L

A
~E

 
M

O
U

~
T

f~
. 

PL
U

~ 
(+

I 
=

T
E

l 
T

ft
IL

 
-

V
fQ

T
JC

A
L

 
T

h
JL

 
M

lU
~T

E
D

. 
,,,1

Jr
-1

r, 
rA

~
ry

:
'f

.:i
p

u 
S

T
F

IU
C

T
U

JE
 

P
J(

)l
r'

A
T

r
P

. 
• 

• 

Z
F

w
(I

 
(
'.

)
.

0
) 

rP
 

R
L

A
~

K
 

C
 

l=
S

H
=

:t
.P

. 
~

IE
. 

P
ll

l~
 

(+
I 

=S
H

E
A

~ 
A

~T
 

~,
-,~

~,
.,,

_T
 

T
JF

. 

'1
-)
-
"
'l
 c

; 
~

l[
'

T
 

''
'=

')
· 

l
f'

l':
~

T
f
'l

r-•
c:: 

7
1

t,
-7

tR
 

t.
i;

E
 

lJ
S

::
0 

-u
 

~
~

c
i,

i:: 
(

d
~

P
Y

-
O

V
~

P
 

lJ
~

T
 

P
f-

f"
t1

r
T

J
(

1
~ 

F
h

(T
n

P
'S

. 
~
 

zc
:=

-o
 

f
J
.1

1
, 

~
L

tr
-1

<
 

c 
l
, 

re
f"

'"
!~

 
C

l.
O

l 

P
-1

 
T

t-
-f

"
F

 
L

O
C

t: 
T

!£
''H

~s
 

lf
',

i)
! 

c.~
 T=

 
~

in
 

~E
r.

u
r.

T
 I

P
:.

 



...
. 

0 0 

TA
B

LE
 

8
. 

G
EN

ER
AL

 D
A

TA
 D

E
S

C
R

IP
fIO

N
S

 
(C

O
N

T)
 

'l
"
 

c.
11 .

f:
O

V
-'

"l
V

f-
C

 
L

J
~

T
 

P
F

D
U

C
T

I
-J

N
 

~
l'.

(T
f"

'!
D

 
-

','
fl

\f
. 

~
1
~
 

r~
0

~
v

-r
v

~
o

 
L

JC
:T

 
P

fG
U

C
T

il
N

 
F

A
cr

n
° 

-
M

eF
rz

r~
rA

t 
T

~
!L

 

, 
1 
~
 

c
t.

~
 c

 v
-
r v

 ~ F
 

L
 I

 F
 -r

 
i.

 i:
-o

, JC
T

 I
 u

 ~ 
F-

t. 
r T

 r
n·

 
-

v r
 P 

r 
r c

 A 
L

 
T

 .a
 I

 L
 

T
►
~ 

L
r~

"S
 

~
rn

u
L

~
 

u
~

c
s 

S
P

~
E

J
-l

L
T

IT
U

D
E

 
('

tT
,.

 
c:

oc
~

 
T

~
E

 
JM

P
U

T
 

ri
T

A
 

c
f
t
. 

R
r:

rf
p

o
p

,,
r,

 
T

" 
c:

,G
'JD

E
. 

1
1

, 
P

U
J
~

T
S

 
!
,
 

~
. 

K
t.

in
.4

1
F

-
'fi

-i
E

-,
N-

P
U

T
--

~
E

T
 

,.~
c:

 
A

T
!~

[ 
~
t
~
~
 

A
L

T
IT

U
~

~
S

 
A

S 
P

,J
~

T
S

 
1

, 
2

, 
t.

~
0

 
3 

J: 
E

'-
P

F
[T

JV
E

I 
Y

 
n

F
 

T~
C

: 
L

O
A

D
 

E
\/

A
L

U
A

T
1

r~
· 

p
r
p

:T
~

. 
S

H
O

U
L

I:
' 

D
IF

F
E

P
E

N
T

 

C
:V

A
ll
l,

.T
!r

N
 
p

r
n

•T
S

 
RC

: 
D

E
S

ik
E

),
 

L
O

C
~

T
Jr

N
c_

 
7

1
~

 
/.

l'
J
['

 
7

"
-
)
 

~
A

V
 

~
E

 

ll
~

F
~

 
T

Q
 

~P
E
rJ

c
y

 
T
~
~
 

SP
E

E
D

 P
R
□
F
I
L
E
 

P
~

J
~

T
S

 
ev

 
~E

~
IG

N
tT

IN
G

 
T
~
~
 

P
O

H
'T

 
C

:f
'(

'M
 

T
t-

'f
 

l~
P

•J
T

 
S

E
T

 
t.

.r
 

'1
4

(H
) 

W
'-

'l
[H

 
C

rP
R

E
S

P
O

N
D

S
 

IN
 

'\
L

T
IT

U
O

E
 

--
i:

-r
-

T-
..

,c
-

r,
F

q
P

E
C

' 
P

C
f

"J
T

 
IN

 
Tl

-4
:: 

L
O

A
D

-
S

~
T

-
~-T

-·
,q

i.
,.

--
-
-
-

11
Q

 
S

P
~

c
:n

-~
L

T
J
T

U
rf

 
P

1
l~

T
 

F
O

~
 

F
L

IG
H

T
 

L
O

A
~ 

l~
V

E
S

T
tr

.A
T

J0
N

 

IF
 

~•n
r 

J
it

P
IJ

T
, 

L
l'.

'lt
D

IN
G

 
P

O
IN

T
 

d 
r:

N
 

Tl
-4

E
 

ll
'(

L
) 

P
~

O
S

:J
L

E
 

IS
 

U
S

E
D

. 

l~
P

II
T

 
..

 t,
y
 

l:\
E 

E
tT

H
E

P
 

Z
.J

, 
4
.0

, 
0

0
 

5
.0

. 
-

• 

'?
O

 
S

P
F

F
n

-A
L

T
JT

IJ
O

E
 

0
0

J
N

T
 

F
O

~
 

F
ll
f,

H
T

 
L

fl
A

f'
 

H
-V

F
S

T
J
(;

A
T

J
O

N
 

r2
! 

~
 2

 2
 

'2
 l 

_
_

_
_

_
_ 

._
2

4
 

'?
 i:

; 

•:
?

t­
,2

-
, '

.2 
i:

 

, 
;_,

 
0 

, 
~
 0

 

•3
1_

 
, 3

 !
 

IF
 

i
1Q

T
 

Y
,.

JP
U

T
,

_L
O

i\
O

lN
G

 
P

U
IN

'!
 

~
_

'J
iJ

 
T

H
E

 
fl

'(
L

t 
P

fl
O

F
tL

E
 

IS
 

U
S

E
f'

 •
 

!~
!P

U
T

 
~

A
V

 
~

E
 

E
T

T
J4

E
P

 
2

.J
, 

3
.0

, 
O

R
 

5
.0

. 

,..A
)C

f"
4l

l-.
il 

rE
s
tr

.l
'. 

'•d
:J

G
'1

T
 

('
4D

W
) 

"!
Q

T
 

U
~

E
D

. 

F
~

S
!(

 
F

L
fG

l-4
T 

O
fS

IG
N

 
W

EI
G

H
T 

(~
i:

n
w

) 

(
H

T
f
r
 

O
F 

r.
F

A
V

J
T

V
 

S
T

A
T

l~
'J

 
(X

) 
f.

T
 

~
F

(l
W

 

-
--

-t
~

 c 
-
~

ri
s"

" 
-
~ 

n
F

W
A

P
 n

 
V

E
H

J 
c 

i. 
E

 
c
. 

G
. 

1 J
s

(1
t 

L
L

 v
 •

~P
F

 5
 u

r
t s

 
C

F 
1

-1
c
A

t 
!"

lE
S

IG
'J

 
L

O
A

D
S.

 
T

H
l 

u
sc

:
F

u
t 

tn
A

r.
 

T
tB

L
E

. 

c
~

1
-c

~
~

, 
S

H
ru

L
n

 
P

E
 

C
C

M
P

A
T

IS
L

=
 

W
J

T
~

 
T

~
JS

 
r.

G
. 

L
H

!'
)

H
'f

. 
r.~

~
tr

-r
-:

 
ll

iC
:J

G
••

T
 

(L
')

W
9 

f\l
Q

T
 

U
~

F
.r

).
 

A
!~

 
"r

'"
'J

rL
F

 
S

F
R

V
!(

'f
 

L
IF

=
:-

-
-

--
-

·-
-

~
" 

t ~
 A

 n
: 

() 
F

 
L

 A
 l'J 

l"l
 I

 "
I r

. c
:; 

0 
U

I-
I 

'4 
G

 
S

t 
i;

 V
 T

 "." 
'= 

LT
 F

 E
 • 

Pf
"U

N
O

S 

Pr
.,,

,.,
os

 
IN

C
.,.

~S
 

IN
 ,

--
H-

E
 

U
''C

A
T

IO
N

S 

·-
-

-

PO
lJ

f\:
l"

'S
 

i:.
ou

Ps
 

T
"
-X

' 
r.

~
r,

c;
c;

 
"'
f.
Tr
:l
➔
T
 

F
u

R
 

F
A

T
IG

U
f 

C
V

A
L

IJ
tT

JC
~

. 
T

~
P

U
T

 
,i

,L
v
 

I~
 

ry
:r

:F
~

~
~

T
 

F
P

7
~

 
~t

.X
J~

U
~ 

)~
S

I
G

~ 
W

f'
G

'-
'T

 
TN

 
l~

(
A

T
f

n
N

 
7

~
1

. 

L
fd

\(
'H

r
. 

"
fS

T
':;

'•J
 

w
l=

!G
H

T
 

f.
J

I;!. 
f

,.'._
T

Jf
;I

Jf
-

[V
A

L
l!

A
T

J
•1

"J
· 

JN
P

U
T

 
o

i•
L

Y
 

JF
 

r
rF

c
~

o
r::

\J
T 

F
0
7

"
 

L
~
!\

)I
N

r.
 

'J
!:

S
tr

.r
-1

 
i.1 r

1
r:

H
T

 
1

~
 

L
O

C
.~

T
Jr

J"
'' 

~
?
5

. 

f'1
f7

t 
-

L
J
P
J
J
T

 
L

C
.",

'1 
F

tC
T

2
~

 
A

T 
A

F
n

~
 

-
~-

t
l0

5C
1'

1
J
(
 

-

-
c-

uc
c:

o
c:

r,~
!l

 C
 



.....
 

0 .....
 

r~
.,

 

7
3

4
 

n
i;

 

P
6

 
''
3

 '?
 

,
~
~
 

1
3

0
 

r4
o 

--
-

_ 
! 

4
1

_
 

'4
 ~
 

7
4

,.
 

!4
4

 
-

-
--

_
_ 

7
4

5
 

7
4

t:
 

7
4

 '?
 

7
4

~
 

'4
"
 

'5
1

 

TA
B

LE
 

8
. 

G
E

N
E

R
A

L 
D

A
TA

 D
E

S
C

R
IP

I'I
O

N
S

 
(C

C
:'I

T
) 

"'
 != 

r 
~ 

T
 t

 V
 ':: 

, :
 f 

7
)
 

-
L

 T
 ~ 

I 
T

 
N

 =
 ·;

 ,
\ T

I 
V

E 
L

 (l
 A

r-
F 

AC
 T

r F
 

A
T

 
R

F
l'

\J
 

t-•
ff

,f
.T

JV
E

 
-;

JG
~

' 
(
-
t
 

IS
 

R
=

O
U

l~
lJ

 
"1

(7
t 

-
I 

l~
tT

 
L

·l~
n

 
F

l'-
C

T
O

, 
F

O
P

 
F

l\
P

 
D

P
W

~ 

P
JT

r~
,~

~
 
,c

rE
tE

0
~

T
IO

~
 

AT
 

~C
L

) 
~
~
P
 

R
F

nw
 

Y
f.

\o
ll

~•
r,

 
.:

\C
rE

lf
P

A
T

J'
lN

 
A

T
 

..
 C

L
) 

f
_'J

q
 

~F
O

W
 

~
JN

J~
U

~
 

S
P

E
E

r 
F

L
A

P
S

 
U

P 
A

T 
M

OW
 

~
t,

-•
JM

l.1
11

1 
S

P
F

=
O

 
F

L
~

P
S

 
D

O
W

N
 

A
T

 
LD

W
 

rF
S

I~
~

 
ST

NK
 

SP
~F

O
 

A
T

 
~D

.., 
"E

S
tr

:N
 

5
H

:'<
 

5
P

~
rn

 
A

T
 

L
D

·.., 

'-'
A

~
•J

E
V

F
.P

 
.A

T
 

~o
w

 
P

A
O

./
S

[C
~

N
~

 
c;

ou
A

~E
n 

R
A

r.
/S

fC
'1

~
1

r 
S

O
U

A
P

E
('

 
~

N
O

T
S

 _
_

 _
 

IC
 li

fC
lT

 S
 

F
T

/~
E

( 
F

T
/«

;E
C

 

M
A

 I
 t-

1 
L 

AM
 f'I

 H
J 

G
 

r 
F 

A
 P 

S
 T

 ~
C

K
E

 
-

F 
U

L 
L

Y
 
~
 )(

 T 
f 

t-:
 r. E

D
 

T
O

 
F 

II
 l 

L
Y

 
--

--
--

• 
-

:o
~

·o°
3-

E
 S

S
E

!)
 -
-
-

-
-

-
• 

-
--

-r
)i

t~
E

~
 -

-
-

--
-

• 

~
cs

r 
tt

~
rt

N
G

 
r~

~R
 

ST
R

JK
= 

IN
C

~E
S 

M
A

J
-I

 
lA

~
D

l"
I~

 
~

E
A

O
 

L
E

N
G

T
H

 
-

JL
E

O
 

E
x
T

r:
~

r.
~

o
 

-
A

X
L

S:
 

T
O

 
C

E
"1

T
E

P
 

ll
~

E
 

T
P

IJ
N

~
l!

'l
N

. 
-

-
iN

C:
f-4

E-S
 

~
C

51
: 

l 
.U

'D
J!

"-
4G

 
r~

~
o

 
L

fN
G

T
'i

 
IN

C
.-,

E
S 

.. 
~

H
•T

f
~

Q
E_

_
t;

R
~

V
I~

)'
-

~
I.

_~
T

I
C

~
_

(_
~

_
) 

=
--

~
~

J
-~

l _
_ G

FA
P 

U
P 

H
!C

l-f
fS

 
rE

~
T

'f
P

 
P

F
 

4
X

L
E

 
ST

A
T

IO
N

 
ex

t 
-

M
A

IN
 

G
fA

~ 
O

O
~

N
 

IN
C

~E
S 

N
0

5
E

 
~E

A
q 

no
w

N
 

IN
C

~'
=S

 
~P

~U
N

r 
L

T
~E

 
~

T
 

~A
IN

 
G

E
A

P-
~A

T
E

R
 

ll
~

E
 
(
lt

. 
IN

C
~F

~ 
C

F
~

•T
E

P
 

.,
F

 
ll

<
L

E
 

~
T

A
T

IO
N

 
l'
ft

 
-

~
A

IN
 

G
fl

\P
 

O
P

W
N

. 
-

-
i~

C
H

F
~

-
-· 

M
C

'T
 

1
1

s
1

:r
. 

-
-
-
-

L
f1

C
iT

t,
'-

IS
 

1
':

;\-
-7

6
0

 
M

U
S

T
 

A
t: 

C
O
~
P
/
T
l
~
l

► 
r.

"l
fi

 
S

E
T

<
; 

l
f1

t:
A

T
JQ

t-
1
S 

~
~

1
-~

6
0

 
F

rP
'4

 
TH

E:
. 

S
P

=
E

J 
A

L
T

T
T

U
("

'~
 

P
P

(F
IL

E
 

r 
~l

•I
ST

 
~

E
 

IN
P

I_
IT

. 

C
JV

E
 

(5
t 

P
O

l~
T

S
 

A
PE

 
~E

O
U

IR
E

O
, 

Jr
 

L
E

SS
 

T.
.,A

N
 

5 
A

FE
 

O
~

S
t0

EO
 

T
t-

'F
 

l~
S

T
 

V
A

LI
JC

::S
 

S
M

(I
U

L
D

 
B

E
 

R
::

P
E

A
T

fr
 

T
r,

 
J
:"

H
L

 
TM

E 
T

A
~

L
~

S
. 

7
~
~
-
l
~
~
 

S
P

F
~

~
 

D
P

Q
F

JL
f 

F
~

T
~

T
S

 
-

SP
E

E
D

 
~

(~
t 

~
fi

C
H

 
ll

il
J

1
1

1
R

fQ
 

7
5

f
-'

?
f:

 ~
 

-
iii

. T
IT

U
J

=-
--

-
·-

-F
~

E
T

 _
_ 

_ 

L
''C

A
T

J(
lP

•c
; 

'H
·!

 
T

..
,P

U
 

'?
'3

P
 

A
R

E
 

JP
T

IO
N

A
I 

• 
, 

t 
? 

-
~
 ~
 c

; 
rr

-1
 r 

0 
r-,

i 
E

 • 1
 r 

=
 ~ P

 
E

 s
 T

A
 :H

 
1 
~
 H

 I 
N

G
 

Mc
 L

 t
 

A
T

 
Al

l ,v
· H

 "
'c

 • 
c; 

t ~
 

L 
or

:-
~
 ~
 1

 -
7 

c; 
c; 

• 

ll
 l 

A
"'

 I"
 

( 
t 

f'
 c

 
l 

i: 
f 

O
 

( 
J 

• 
) 

) 
=

 
U

 c:
 ~
 

\I
 A

 ! 
! I

 ~
 

J 
t,;

 
'?

 ~
 ~
 •

 

L
F

S
S

 
T

i"
4-

"'<
 

r,-
11

:-
t<

:.
J
)
=

 
J

':
C

T
P

lf
.L

 
T

r 
,,
n

, 
r
r
 

M
(
µ

t 

r.
r 

~
,!

T
C

:-
!)

 
T

t-
JA

•t
 

~
,-.

;r 
(
>

l.
 )

)
=

 
"
''
ll
 r
J
P

L
 J

F
-O

 
r-.

r
? 

-.
.p

.q
 

"4
!'

1 1
fC

: 
1 H

L
1

tr
-

C
-J

.X
X

) 
=

 
F

P
!'.

C
T

J
n

~
• 

r.
c:: 

"'
P

-'
t 

T
n 

~
,r

 
T

Q
 

M
(H

I 



~
 

0 N
 

TA
BL

E 
8.

 
GE

NE
RA

L 
DA

TA
 D

ES
CR

IP
TI

CN
S 

(C
O

O
i')

 

7
t,

1
-,

--
,-

c 
n

1 1
 -:

:
T

 
o

0
rc

;s
•.

JQ
r 

?
F

rc
i v

E:
rc.

Y 
~

,n
c 

-
(f

')R
~<

; S
IJ

[f
 

f.
T

 
E

~
r.

IN
E

 
F

.\
C

f/
A

"~
T

F
,.

JT
 

P
P

!=
c;

~
•J

P
':

t 
-

A
T

 
.-

ir
~

 
r,

,;
c
•~

. 
~

, 
...

 , 
TN

 
"
7

'5
1

-7
5

5
. 

7
7

!-
~

7_
5 

-
A

T
 
~
~
(
'
~
 __

 l
\r

_•5
!.

. 
__ -

.-
JL

J
. 

J~
 

7
6

1
-'

1
6

5
. 

__
 

,,
,.

_
-e

n
.,

_
,:

,,
, 

,..
_'\

(J
-'

 
N

lf
M

D
=

P
c
; 

lF
 

t.
I~

F
L

JW
 

r,
T

 
fN

r.
J~

E
 

F
A

C
~

 
Tt

-l
lT

 
C.

!~
R

P
!:

'.S
P

r~
•D

 
T

O
 

A
IF

 
V

E
J
-'

lf
l~

 
111

tr
.H

 
w

i•
s
. 

JN
 

7
S

:l
-7

'5
5

. 
,~

 
7

rP
~

 
I~

 
J~

D
U

T 
IN

 
T

~E
SE

 
L

n
C

A
T

Jn
l\

~
, 

P
~O

~P
A

M
 

fS
T

l~
A

T
fS

 
V

 .• 
l 

U
E

. 
7 

E
 1

 
:-;

 ~
 r 

r. 
P 
~
 L

 
fl

'J
 ':

 ~
 P

11 
~
 ~

, 
T

 
F 

Cl
 R

 
E

 5
 T

A
 q

 L
 l 

SJ
-' 

I 
N

r.
 

M
 

( 
L

 t 
-

-
u

~
=

:r
 

fF
 

L
O

C
-6

T
IO

N
S

 
7

~
! 

Tl
-fl

-'
U

 
7

t,-
~

 
c
r-

~
T

~-
1

,-j
" 

lE
P

0-
--

.-
-0

.o
, 

iF
P

f'
l 

( 
O

.O
t 

,:'
IP

 
e

L
A

N
K

 
( 

) 
=

 
_,

( 
U

 
=

 
~
 (

I-
It

 
H

2
 

G
n

•~
f-

A
l 

P
P

E
S

S
U

R
~

 
F

E
C

O
V

E
~

Y
 

P
A

T
H

' .
 

U
S

~
n

 
JF

 
L

O
C

.\
T

JQ
N

S
 

7
~

b
 

T
H

H
J 

7
-;

5
·
rc

~·N
-T

A
J

~
 

- Z
E

R
O

 
C

O
.C

>
t 

-
-

-
· 

--
-
-

--
-

-
,
r
 

T
~

!S
 

L
O

C
~

T
JQ

~
 

IS
 

A
L

S
O

 
ZE

Q
Q

 
P.

P.
 

B
L

~N
r 

P
P

O
G

R
A

M
 

~
S

T
JM

A
T

E
S

 
__

__
 

__
 _

 
_

_
V

A
L

U
E

.
_

··
-

__
 

L
JC

A
T

IC
N

S
 

"
'P

?
 

T
H

C
lJ

 
7

e
P

 
F

f1
R

 
V

A
R

IA
3

L
E

 
S

W
c:

E
P

 
W

IN
C

. 
C

N
L

Y
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

8
3

-
7

F
5

 
t.L

 T
J
T

1
:o

~
 

l 
{M

J
T

 
~

"!
F

 
F

O
IH

U
~

D
 

W
IN

G
 

P
O

S
JT

JO
~

 
(S

F
E

 
'7

'3
t,

-'
1

P
IH

 
F

rE
T

 
,e

b
-

7
P

'3
 

~
A

(I
,-

,,
a.

 
((

1
P

p
~

5
o

m
,m

1
~

G
 

re
 M

t.
X

I~
U

'-
1

 
L

F
V

E
L

 
F

[
ft

;H
T

 
<

;P
r:

:E
r 

J
il
l(

H
f

. 

re
o

 
,o

 ')
 

7
0 

!_ 
, 
q

.,
 

PC
' 
~
 

9
:;

 4
 

, 
r.s

 C
j 

l r
. 

,_ 
7

c 
~
 

F
rP

 
fL

T
JT

U
~E

S 
,~

 
L

u
C

A
T

IO
~

S
 

7
~

?
-
7

e
5

. 
~

A
C

µ
 

N
U

M
~f

P 
-

--
-

-
C

ff
lJ

'I
 

P
r-

E
S

5
"P

'=
 

,\L
T

IT
U

D
t.

 
F

F
E

T
 

~f
f'T

 
ll

~
f
r
. 

~
~

l~
J-

'T
S

 
,•

~
P

~
f~

 
~

T
T

M
 

TH
~

~E
 

A
S

T
E

R
IS

~
S

 
(*

~
*

I 
~

F
f

n 
N

O
T

~
~

 
L

Q
A

~
E

D
 

T
~

!=
 

"
PO

~
C

A
~ 

u~
~

s 
TH

~ 
G

~O
~E

T
FY

 
nA

TA
 

T
( 

D
fV

'=
LO

O
 

AN
 

l~
IT

IA
L

 
E

~
T

J~
A

T
F

 
c
rp

 
T

I-
IE

S
f 

IT
E

~
S

. 

~
F

J
G

µ
T

-W
J~

~
-

•
•
•
 

_
µ

rr
y

7
r•

1T
1

L
 

T
A

IL
 •

•
•
•
 

-
" 

c 
r 

T
 , 

c r
- L

 
T

 ., 
I 

L
 •

 
• 

• 
• 

-~
IJ

C
:-L

fl
r.

f 
•
•
•
•
 

-
l 

A
 fl •

 '1
 J

 fl
. r.

 
r. 

':: 
t.F

- -
M

~
 I

 ;
 J

. 
* "

* 
_.

,m
s:

: .
 

•
<;

<&
: 

-
,1

ir
c

~
r
r
 

(
r

!I.J
T

;:,
o

JL
S

. 

0
ou

~
t"

IS
 

P
C

llP
.IO

S
 

P
f'1

U
l'.

IO
~ 

0
c
u

"J
n

c 
o

n
o

r,•
r)C

:: 
P

rU
N

f)
~

 
P

('
lll

"J
()

S
 



~
 

0 V
, 

,r
. 

0 

7
c
.,

 

TA
BL

E 
s.·

 
GE

NE
RA

L 
O

\T
A

 D
ES

C
R

IP
TI

O
N

S 
(C

O
N

T)
 

-
!:"

NC
: I

 ~
· ~
 

S
r 

C
 T

 I 
O

N
 
~ 

"4 
')

 
N

f. 
t 

£. 
L

 L
 ~
 •

 
• 

• 
* 

-
f'

T
µ

~
F

, 
~
 T

D
tJ

C
T

U
P

E
. 

PC
U

N
!:

'5
 

P
nU

~!
O

S
 

•~
••

·•
•w

r,
r.

~
T

S
 

IN
 

lf
(~

T
J
U

N
S

 
8

O
O

-~
lO

 
A

R
~ 

T
Q

TA
LS

 
PE

~ 
A

/r
t•

•
··

~
· 

IO
')

 
I-I

F 
T

 r.•
-r

· -
E

N
r.

 T
 "
ff

. 
P

O
U

N
D

S
 

JO
l 

• 
-
,f
u

x
iL

l~
P

Y
 

G
E

A
R

 
e

·J
x
E

S
 

A
~

l'l
 

O
P

IV
E

S
. 

-
--

-
-
-
-

-
··

. 
P

('I
U

N
f>

~ 
-

J
0

2
 

-
tJ

P
 

IM
''U

C
T

IO
N

 
S

Y
S

T
E

M
-S

T
P

I.
J
(T

IJ
D

f.
 
•
•
•
 

->
r.

U
~D

~ 

1
0

3
 

-A
C

 T
IJ

A
T

rJ
O

c;
 

A
~O

 
c
o

~
n

P
O

L
S

 •
 

P
O

U
~t

O
S

 

J
0

4
 

-f
X

M
A

L
S

T
 

~
Y

~
T

E
M

. 
-

P
('I

U
~

C
S

 

JO
'i

 
-(

('
O

L
 n

r;
 

A
N

[)
 

D
R

A
I~

. 
P

fl
JN

'l
S

 

tO
~

 
-l

l'
P

R
IC

~
T

f'
J~

 
S

Y
S

T
E

h1
. 

_
_

_ 
PO

U
~I

O
S 

. -
t'

o
T

 
-

-
-

-F
U

E
L

 
~

Y
~

"'
F

~-
.-

• 
-

• 
--

·-
-

-
-

-
-
-

-
--

P
O

U
N

C
'~

 •
••

 

tO
~ 

-f
N

r.
lN

E
 

C
O

N
T

R
O

L
S

. 
PO

U
N

~S
 

to
~

 
-5

T
A

P
T

l~
f 

5
Y

S
T

E
~

. 
P

O
U

~
n

s 

H
O

 
-A

U
X

IL
IA

R
Y

 
P

O
W

E
R

 
1 J

N
J

_T
. 

-
D

Q
U

N
O

S
 

t1
1

 
-

1
1

2
--

H
 '3

 
t!

 4
 

H
"
 

H
f
 

i 
l 

'?
 

J ~
 
~ 

j
l
Q

 

I
?
)
 

12
 1_

 

t ~
:,

 
t2

 3
 

t?
4

 

i;
, 

" 
• 

.,
 .i

.. 
J 

'-
-

t.
, 
~
 

J -
p 

t :
-Q

 

3
: 

(J
 

W
[J

G
H

~
-T

~
S

T
P

U
~

E
~

T
S

~ 
-.

:,.
;v

rR
 A

U
L

,~
 c

;.
 

_
_

_ 
__

 _
__ 

PO
U

~D
S 

-~
L

E
C

T
P

J
(A

L
. 

-~
L

E
C

T
P

l'J
N

J
C

S
. 

-A
P

M
\~

E
~!

T
. 

-~
II

P
N

l~
H

l~
r;

~
. 

-t
J
P

 
C

C
N

D
JT

JO
N

l~
G

 
-O

~
-(
T

 C
f-

P-
A

 P
H

 I 
c •.

 
-A

U
Y

T
L

JA
PV

 
~E

A
R

. 
-(

')T
H

E
O

 
IT

f,
..

S
. 

we
.: ,

r.
..,

T
-r

0r
w

. 
-'

T
C

A
!H

>
F

r 
~

•J
£

L
. 

_
ry

i_
. 

A
 •,O

 
/1

1\
j 
T

I 
-

I 
C

F 
• 

-L
1

n
u

1
r 

N
JT

~
O

~
E

N
 

(L
~

~
, 

-
~
 T

 s C
 =

 L L
A 

f<!
 F

 nu
s 

• 
-r

.u
~

• ~
. 

-
~

!I
'!

 r.
 

P
y

 L
r 

"-I
~

• 

-~
l~

G
 

f~
T

~
Q

~
tl

 
T

S
~

~
5

. 
-~

u
~

~
[A

r.
~

 
0

vL
o

~
s
. 

-
~ 

lJ
 ~
 E

 l 
Ar

~ 
~ 

~
 X

 T
 '.: 

R
 r,,

 h
 L

 
T

 /.
 ' 1

1<
 5

 •
 

PO
U

N
D

S 
PO

U
N

D
S 

PO
U

N
D

S 
PC

U
N

O
S

­
oo

uN
O

S
 

0
cu

~m
~ 

0
cu

~i
n~

 
P

O
U

~
1"

5 
PC

U
W

'C
. 

P
C

'U
N

n~
 

P
O

U
N

n
s
 

-
P

C
U

'-'
nS

 •
 

D
Q

tf
"J

f"
'I

')
 

D
('U

"I
C

'S
 

P
C

U
~

·l
'l~

 
°

C
U

"J
'."'

<"
 

Pf
"lU

"-
'"

'<'
 

on
u

w
1~

 
oc

,,,
.,,

,s
 



J~
 l 

) ?
 ~
 

J
?

~
 

3
3

4
 

i1
5

 
i1

6
 

__
 _J

~
 "?

 

B
A

 
J

?
O

 

J
4

0
 

t4
 l 

"""
' 

-
-

~
4

.,
 

0 
-

-
~
 

3
4

3
 

J
4

4
 

34
 5

 
J

4
6

 
J

4
 "?

 

_
_ 

J
_4

R
 

i4
 ~
 

J 
5 

')
 

t 5
 l

 
i 

5
:,

 
-i

 ~
?
 

3
" 

, 
_,, 
~
 

:i 
~
 r

:; 
1i

:: 
6 

15
 "?

 

i
i
;
~

 

i5
9

 
I'>

 1
 

TA
BL

E 
8

. 
G

EN
ER

A
L 

DA
TA

 D
ES

C
R

IJ
Y

I'I
O

N
S 

(C
O

N
T)

 

r
~

~•
T

fc
 

rF
 

G
~

A
V

J
T

V
-S

T
A

T
I 

J'
II 

(X
t 

F
"P

 
IT

fl
ll

~
 

L
IS

T
E

ri
. 

~
L

L
 

tr
ft

T
!

n
N

~ 
~

U
S

T
 

~E
 

fN
T

E
~

E
) 

If
 

~
~

IG
tJ

T
 
~
A
~
 

E
~

T
E

D
F

n 
IN

 
L

rr
rT

y
,,

1
~

 
"'

7
9

!-
0

~
(
)
.
 

~
T

tT
J
~

~
 

(Y
)-

W
J

~
r
,.

 
-~

r
0

IZ
L

N
T

A
L

 
T

A
IL

. 
-V

fD
T

Y
(A

L
 

T
A

IL
. 

-F
IJ

S
~

L
A

G
E

. 
-L

r.
~

n
JN

G
 

'.
;~

A
R

-1
A

lf
J
. 

-N
O

S
f.

 
-S

ll
P

F
A

('
[ 

C
C

't
lT

R
O

L
S

. 
-

p
:r

. l
'•.

IF
 

~ 
c C

T
 I
□
~

- -
Ar

m
· 

N
A

C
 C

L
L

 ~
-~
 

-[
T

H
fQ

 
S

T
R

U
C

T
U

~
E

. 

S 
T

I
 T

 
I 

n 
" '

 
( 

X
 ) 

-
!: 

f .
' r

, I
 "

'f
f •

 
-A

tl
X

IL
T

A
f.

Y
 

G
':A

R
 

~
O

X
E

S
 

A
N

f'
 

O
P

J
V

E
S

. 
__

_
_

_ 
-A

IR
 

IN
D

ll
C

T
IO

~
-S

T
R

l.
Jr

"T
lJ

P
F

. 
-A

C
T

lJ
A

T
O

P
S

 
A

t-.
C

 
C

O
N

T
R

O
L

S.
 

-E
X

tJ
A

L
S

T
 

S
Y

S
T

E
i-

4.
 

-C
O

O
L

IN
G

 
A

N
D

 
D

R
\I

~
. 

-L
IJ

B
P

 J
C

A
T

IO
N

 
S

Y
S

T
E

"4
. 

-F
U

E
i.

 
S

Y
S

T
F

~
. 

-
r
~

~
l~

f
 

C
JN

T
IO

L
S

. 
-S

T
t

0
T

!N
G

 
S

Y
S

-T
E

~-
. 

-A
U

X
T

L
J
A

~
Y

 
P

J
~

=
R

 
U

N
JT

. 

~
T

fT
J
0

M
 

(X
t-

J~
S

T
Q

L
JM

E
N

T
S

. 
-H

v
n

c
~

IJ
L

IC
S

. 
-
F

lf
r

_r
0

1
c
~

L
. 

-~
L

!:
(

TO
U

f\l
IC

S
. 

-A
P

,.
_

_\ 
s.1

C
N

 T
. 

-F
t

l0
.,•

T
S

H
I

!'I
C

.S
. 

-~
1

0
 

~0
N

~
IT

I
Q

N
I~

~
 

-P
tJ

'H
~f

';P
A

P
H

IC
 •

 
-A

l!
X

IL
T

A
D

Y
 

G
E

.\
fl .

• 
-r

T
t-

:::
o 

1 
,~

~1
s. 

A
t-.

!)
 

tN
T

I-
IC

E
. 

IN
C

H
~S

 
• 

-
fN

C
~

~
c-

1 
~J

C
t-'

E
S 

IN
C

 ...
 E

S 
IN

C
 ...

 E
S 

IN
C

H
E~

 
IN

C
H

E
S

 
l~

C
t-

'F
.S

 -
-

--
-

-
-

JN
C

..,
ES

 

iN
C

t-E
S 

IN
C

H
E

S
 

IN
C

H
E

S 
IN

C
~E

S
 

IN
C

f-
lE

S
 

l~
C

H
E

S 
I

N
C

t-a
ES

 
IN

C
f-l

ES
 

IN
C

M
fS

 
·
-

JN
C

f-
lE

~ 
-

IN
C

..,
fS

 

IN
C

H
~<

; 
IN

CM
F.

~ 
H

.: C
t-

'~
S 

IN
C

~~
$ 

J"
'J

C
t-

E
S

 
JN

r:
t·

fS
 

IN
C

tJ
E

~
 

J"
-!

C
H

F
S

 
H

-1 C
..-

ES
 

J t
-.C

.,_
Fc

: 



....
. 

0 
.. 

-
-

-
V

, 

J
l 

1 
b

l 
., 

H
· '

 
H

-4
 

1
6

 c;
 

B
 t-

,_
 

8
t 

7 
it

 q
 

jt
;O

 

t7
1

) 

_
ij'

7
 l

 
8

7
 ~
 

d.
., 

1 
~

7
4

 
E

>7
5 

j 
7 

,-
t7

"'
 

t 7
9

 
j"

P
O

 

)
~

,
 

j~
 1

 
H

7
 

t 0
 
~
 

H
4

 
)~

c
:;

 

t r
:: 

',
 

J !
" 

"P
 . ~ ~ t :

. Q
 

l c
. 

()
 

TA
BL

E 
8.

 
GE

NE
RA

L 
DA

TA
 D

ES
CR

IP
fIO

N
S 

(C
DN

T)
 

S
T

fT
Jr

N
 

(X
t-

rR
f~

. 
-T

C
-A

O
D

f
[ 

F
U

E
L

. 
-f

'lT
L

. 
-L

J
,:

1
J
J
r 

t--·
IT

l<
J

G
E

M
 

C
L

"'
2

) 
-
~

I 
C::

(
F

L
L

A
N

l C
 J

S
. 

TM
C

J-
4E

S 
t,

,'
C

t-
'F

S
 

IN
C

..,
F

~ 
JN

C'
:'"

4E
~ 

l~
'C

t-'
E

S 
-r

.U
":

~ 
• 

-
- H

•C
..,-

Fs
· 

-l
io

i 
J 

'-
:r

;-
P

Y
L

U
N

S
. 

-E
X

T
E

R
f'l

14
l 

T
t\

N
I' 

c:
:. 

-F
U

~
S

:L
l.

G
~

-P
Y

L
L

"'
S

• 
-r

:X
T

~
K

N
A

L
 

T
A

N
ft

'S
. 

L
rC

A
T

t r
, ,

c; 
~

1
1

-Q
1

q
 

r~
F

I
~

E
 

T
H

l 
w

r:1
r.t

-1
T

S 
r.~

m
 

L
O

C
A

l1
0

1
1

i1
s 

r,r
: 

T
~
~
 

F
X

P
~

~
n

A
P

l~
 

U
~

E
F

U
L

 
L

0
4

D
 

IT
E

~
S

. 
r 

...
 r:

 
O

JS
T

R
JR

U
T

(O
N

 
!~

 
IT

 
!5

 
~

E
rJ

~
E~

 
H

ER
E 

IS
 

S
E

T
 

so
 

A
S

 
T

r 
4

L
L

O
W

 
A

 l
l~

J
T

F
O

 
ff

f,
P

fE
 

Q
F 

rt
E

X
I

B
IL

IT
Y

 
FO

P.
 

r.
-.

E
 

P
U

R
P

f'
S

f 
O

F
 

S
l~

U
L

A
T

IN
f;-
·
 

n
, r

p
T

J
!\ 

F
F

fE
C

T
S

 
C'

N
 

T
H

E
 

S
T

R
U

C
T

IJ
r-

,l
 

rc
v
o

r:
r.

:F
~

T
S

. 

IN
C

H
E

S 
IN

C
..,

.E
S 

H
!C

:H
~

S
 

H
IC

 ...
 ~
~
 

w
c
t

G
H

•-
D

tY
L

~
A

r-
F

U
S

E
L

~
G

E
. 

_
_

_
_

_
 

P
O

U
N

O
~

 
--

-~
f~

G
. 

--
-

• 
PO

U
~O

~ 
-~

~
~

U
~

IT
JC

~
. 

PC
U

N
~S

 
-'

°"
P

'G
 

F
U

E
L

 -
T

A
f'

tK
-O

"I
E

. 
PO

U
N

D
S 

-T
w

o
. 

PC
U

N
O

~ 
-l

=
U

S
~

l 
l.

fF
. 

F
lJ

E
L

-T
A

N
K

-O
N

E
. 

P
C

tJ
N

~
S

 
-T

w
o.

 
PO

U
N

rs
 

-T
H

f.
.E

E
. 

0
cu

~,
n~

 
-F

O
U

R
. 

PC
tJ

P-
t"I

C:
 

-F
IV

E
. 

PO
U

N
D

S 

S
T

t
T

Tn
~ 

fY
t-

O
A

Y
L

O
!~

-F
U

S
E

LA
G

E
. 

-W
J
rJ
j
.
 

-A
~

~
U

"-1
 Y

T 
I 

J
N

. 
-W

T~
~ 

FU
FL

 
TA

N~
-O

N
c.

 
-T

w
o

. 
-f

1
1c

::r
:1

_t
c;

f: 
FU

=
L

 
T

t.
N

K
-C

' "
IF

. 
-T

 W
:'

 • 
-T

H
P

 F
 [

. 
-
~

r
, 1

0
. 

-C
-J

V
C:

. 

lN
C

~
~

S
 

TN
C

H
F

~
 

fN
r:

~1
:~

 
J

"1
C

t-"
!=

:S
 

t N
r~

F
c
 

IN
f~

~
S

 
I

N
rt

-·
!:

S
 

'"
' r

t-
-'f

C:: 
J•

1n
-C

:c:
: 

p
1r

w
c-

c:
: 



.... 0 °' 

j9
 l 

)C
. 

-

iC
 3

 
i-

1
4

 
JC

 5
 

3
°
 6

 
Jt

; 
7 

J~
 'J

 

--
_ !

~
~

-
1

0
0

 
JO

l 
,0

2
 

JO
 3

 
,0

4
 

TA
B

LE
 

8
. 

G
E

N
E

R
A

L 
D

A
TA

 D
E

S
C

R
IP

T
IO

N
S

 
(O

O
N

'f)
 

-v
ir

,r
u

s 
~

fV
 

~C
C

~E
T

~I
C

 
L

JC
!

T
ir

~
~

· 
5 

-
t 

T
 
!
r
 ~:

 
( 

X
 t

 -
F

 L
 S

 F-
L 

t 
G

E
 

P
 f.

 V
 L

 O
 A

'":
· -

t-
'1

 P
 w

 a r
 n

 
': 

t\ 
I')

 •
 

-A
r~

 
F

"'
n

. 

~
ll

T
T

 
l 

T"
JE

 
fV

l-
\.

lJ
~

r
, 

f-
'1

\V
L

tJ
A

lJ
-I

N
P

f.
J'

D
D

 
~T

,:-
P~

 
L

O
t:A

T
JI

)~
 

-J
U

T
?.

nA
Q

P
 

ST
O

Q
E 

L
O

C
!T

IO
N

 
-~

!N
G

 
F

U
E

L
-T

~~
K

 
1

~
~

-t
~

q
~

,p
~

 
E

~O
. 

-C
tJ

T
B

Q
lR

f"
 

E
N

D
. 

-T
A

~K
 

T
~~

-t
N

R
O

A
R

D
 

FN
D

. 
-r

U
T

A
rA

R
D

 
'=

~!
I'

. 

S
T

A
T

Jr
N

 
(X

)-
F

U
S

E
L

t~
f 

FU
~L

-T
A

N
K

 
(~

E
-F

C
P

W
A

P
n 

F
N

~
. 

-
-

-
-

-
-

• 
-

--
--

-A
F

T
-

-F
.N

6
.-

-
--

· 

-T
A

N
K

 
T

w
n

-~
C

P
W

!R
O

 
E

N
D

. 
-A

F
T

 
~N

O
. 

-T
~

N
<

 
T

H
R

E
F

-F
(R

W
A

R
~

 
F

~
r.

 
-A

F
T

 
E

N
D

. 
-
-

--
-

1
0

5
 

-
-
-
-

-T
A

N
.K

 
F

Q
U

R
-F

C
R

W
A

P
D

 
E

"J
D

. 

,o
~ 

-A
F

T
 

E
N

D
. 

JO
~

 
-T

A
N

K
 

~
tV

E
-F

rR
W

A
0O

 
E

~
D

. 

,o
o

 
-A

~
t 

-E
-"

-J
O

. 
-

JO
 0

-
q 

l 
J 

t-.1
 (1

 T
 

ll
 ~
 I:

 r 
. 

IN
C

H
E

S
 

IN
C

H
F

S
 

tN
C

H
F~

 
IN

.C
H

E
-~

 
IN

C
H

F
S

 
l"

JC
..,

F«
; 

tN
r. 

... 
ES

 
TN

f.H
ES

 
IM

C
,-

.F
S 

-J
N

C
H

FS
. 

t~
C

H
E

S 
IN

C
t-

'F
.S

 

JN
C

~E
S 

tN
C

t-f
ES

 
IN

C
H

~
 

IN
C

H
ES

 
l"

JC
H

E
S 

JN
C

H
E~

 



9
1

1
 

q
l2

 
Q

 
1

:,
 

9
1

4
 

c
q

~
 

q
l
b

 
q 

17
 

9
H

· 
91

<
~

 
9

2
('

 

.....
 

q 
2 

J 
0 -.

J
 

9
2

2
 

0
2

-:
: 

q 
2

1
. 

9
2

~
 

9
2

b
 

Q
2

7
 

9
2

8
 

Q
2

9
 

o
::

,r
 

9 
3

1
 

0 
3

L
 

.:
) 

., 
., 

~
 
3

4 
~
3

~
 

a
::H

-
~
 'l

, 7
 

I.J
 
3

f 
o

~
c;

 

TA
BL

E 
8

. 
GE

NE
RA

L 
DA

TA
 D

ES
C

R
IP

TI
C

J-
.JS

 
(a

.M
')

 

~ 
V

A
~J

PU
~ 

K
FY

 
PA

Y
LO

A
D

 
F

A
C

T
O

~
S

 
* 

VA
 L

II
E-

S 
M

U
S

T
 

bF
 

TH
E 

F
f\

A
C

T
IO

N
 

O
F 

T
H

F
 

L
IS

T
F

O
 

IT
E

M
 

T
t;

A
.T

 
IS

 
A.

BO
AR

D 
T

H
( 

V
F

H
JC

L
f 

A
T 

T
H

E
 

N
O

T
E

r.
 

W
E

IG
H

T
 

C
l'

S
U

A
L

L
Y

 
O

.O
 

T
H

R
U

 
1

.0
)
 

F
P

IC
T

JO
~

! 
f'

lf
 

F
U

S
F

L
lC

,F
 

PJ
Y

L
O

A
O

 
AB

O
A

PD
 

AT
 

M
AX

IM
UM

 
D

E
SI

G
N

 
W

EI
G

H
T 

W
JN

f 
PA

.Y
L

O
A

O
 

A
M

M
U

,.,J
TJ

O
N

 •
•
•
•
•
•
 

W
lN

G
 

TA
Nt

< 
l 

FU
E

L
 

2 
•
•
•
•
•
 

F
U

S
f 

TA
N

K
 

1 
F

ll
f.

L
 

2 
•
•
•
•
•
 

3 
•
•
•
•
•
 

4 
•
•
•
•
•
 

5 
•
•
•
•
•
 

~
~

1
-C

T
J
C

:~
 

uF
 

fl
JS

fL
A

G
E

 
P

A
Y

L
0-

0 
A

80
A

R
D

 
AT

 
B

A
SI

C
 

FL
IG

H
T

 
O

F
SI

G
N

 
W

E
IG

H
T

. 
W

IN
G

 
PA

Y
LO

A
D

 
A

M
M

U
N

IT
IO

N
 •

•
•
•
•
•
 

W
IN

G
 

T
A

~
 

1 
F

U
F

L
 

2 
•
•
•
•
•
 

F
U

S
 f 

T
A

N
K

 
1 

F
U

F
L

 
2 

•
•
•
•
•
 

3 
•
•
•
•
•
 

4 
•
•
•
•
•
 

5 
•
•
•
•
•
 

F
~

tC
T

lC
~

 
O

F 
F

U
S

E
L

A
G

E
 

PA
Y

LO
A

D
 

A
fO

A
kO

 
AT

 
L

A
N

D
IN

G
 

D
E

SI
G

N
 

W
EI

G
H

T 
W

IN
G

 
PA

Y
LO

A
D

 
A

~M
U

N
Y

TJ
O

N
 •

•
•
•
•
•
 

W
JN

C
: 

T
lt

N
K

 
1 

FU
FL

 
. , ' 
...

.. 
F

ll
S

F
 

T
A

N
K

 
1 

FU
EL

 
l 

•
•
•
•
•
 

3 
•
•
•
•
•
 

4 
•
•
•
•
•
 



.....
 

0 0
0

 

T
A

B
Lf

: 
8

. 
G

E
N

E
R

I\L
 

D
A

TA
 

D
E

S
C

R
IP

T
IO

N
S

 
(C

O
N

T)
 

Q
~

0
 

5 
•
•
•
•
•
 

0
4

}
 

Q
4

'2
 

9
4

?
 

*"
H

S
C

F
L

L
A

N
fO

ll
~

 
D

A
T

A
* 

l(
C

:I
T

I°
"
S

 
9

4
1

-9
4

3
 

1-
k
E

 
us

~
o 

T
O

 
L

O
C

IT
f 

T
H

E
-

E
L

E
C

T
R

O
N

IC
S

 
IN

 
TH

E 
F

U
S

F
L

•G
E

 
FO

R
 

JP
.J

fR
.T

IA
 

P
II

R
P

O
S

E
S

. 
A

T
 

L
E

A
S

T
 

TW
O

 
(9

4
1

-9
4

2
) 

•
t

E
C

T
R

nN
J(

S
 

C
O

M
P

A
~

T
M

fN
T

S
 

~
U

S
T

 
b

f 
O

E
F

IN
E

O
. 

JF
 

C
.,

L
Y

 
TW

O
 

(Q
M

PA
~l

M
FN

T
S 

aR
r 

U
S

F
O

 
TH

FY
 

M
U

S
T

 
BF

 
IN

PU
T

 
IN

 
T

H
F

 
F

IR
S

T
 

TW
O

 
L

O
rA

T
J
O

N
S

 
(~

4
1

,9
4

2
).

 

S
T

A
T

JO
~ 

C
~t

 
-

fL
~

C
lk

O
N

J
C

S
 

C
O

M
PA

R
T

M
E

N
T

 
-

FO
R

.~
A

R
O

 
-

IN
T

E
R

M
E

D
IA

T
E

 
-

A
FT

 

IN
C

H
E

S
 

l~
C

H
E

 S
 

IN
C

H
E

S
 

q
~

4
 

N
U

M
R

F
~

 
nF

 
rP

F
W

. 
Q

4~
 

N
U

M
qF

.R
 

O
F 

G
U

~
S

. 
9

4
~

-~
5

r 
N

O
T

 
U

S
E

O
 • * 

W
IN

G
 

&
E

O
M

E
T

R
Y

 
o

,T
A

 
-

L
O

C
. 

9
5

1
-9

9
0

 
• 

Q
S

}
 

q
5

2
 

'1
 s

., 
3 

Q
5

4
 

c;, 
5 

!,
 

:)
 l
jt

-J
 

Tt
<A

PE
ZO

JD
A

L 
W

IN
G

-A
R

E
A

• 
SO

U
A

R
E

 
F

E
E

T
 

-A
s
;,

f(
T

 
R

A
T

J
n

. 
-T

A
P

F
P

 
R

A
T

IO
. 

-S
W

E
E

P
 

A
N

G
L

E
. 

S
E

E
 

9
5

5
. 

D
E

G
R

E
E

S 
-P

F
R

C
E

N
T

 
C

F
 

C
H

O
R

D
 

O
F 

SW
FE

P 
A

N
G

L
E

. 
D

E
C

IM
A

L
 

N
O

T
 

ll
~

fr
,.

 
o

5
7

 
n

P
T

T
 

L
J
N

F
 

IV
) 

rF
 

W
IN

C:
. 

T
(l

 
F

U
S

E
L

A
f,

E
 

S
H

E
A

R
 

T
IE

. 
IN

C
H

E
S

 

-
-
-
-
-
-
-

W
IN

G
 

I~
 

L
O

C
A

T
E

D
 

O
N

 
T

H
E

 
A

IR
 

V
F

H
IC

L
E

 
RY

 
IN

P
U

T
 

IN
 

E
JT

H
fR

 
LC

1C
A

T
JO

N
 

9
5

P
 

0
~

 
L

O
C

A
T

IO
N

 
9

5
9

. 
-1

~
f 

S
T

A
T

IG
N

(X
)-

J
N

T
fR

S
E

C
T

l(
'I

N
 

O
F

 
W

IN
G

 
L

E
A

D
IN

G
 

F
O

G
F

 
AN

O 
F

U
S

E
L

A
G

E
 

C
F

N
T

[R
 

L
IN

E
. 

IN
C

H
E

S
 

q
~

o
 

~
T

A
T

J
8

N
(X

t-
7

5
i 

F
L

F
M

[N
l 

Q
F

 
M

E
A

N
 

A
E

R
eO

Y
N

A
M

I(
 

C
H

O
R

O
C

M
A

C
) 

IN
C

H
E

S
 

~
tu

 
nl

H
F

O
R

JL
 

r.F
 

W
]N

G
 

D
E

G
R

E
E

S
 

•
lo

]
 

W
JT

F
R

 
lJ

N
F

 
(2

)-
W

JN
(,

 
R

F
F

E
R

F
N

C
F

 
P

L
A

N
E

. 
IN

C
H

E
S

 
9

6
2

 
W

IN
C

-C
T

h
lC

K
N

E
S

S
/C

h
ff

<
fJ

tR
O

O
T

. 
D

E
C

IM
A

L
 

<;,
 6

3
 

-
(
 H

I J
 (

l(
f\

;f
 S

 S
/C

J-
iO

R
O

) 
T

l P
 /C

T
~

 J
 C

K
N

F 
S

S
/C

H
O

R
D

) 
R

O
O

T
. 

O
E

C
I 

M
J 

L
 

Q
 t

 4
. _

q
t-

, 
,. 

N
I J

 l 
l.1

 S
 t 

[ ,
 • 

9 
t-

t,
 

W
IN

C
:-

P
F

~
(F

N
T

 
O

F
 

f~
.fl

R
.O

 
n

F
 

F
L

A
S

T
J
C

 
IX

J
S

 
(F

A
).

 
D

F
C

 I
M

A
L

 



I-
' 

0 \.
0

 

Q
t-

?
 

~
tt

 

q 
f,

C.
. 

~
1

r 
0

7
1

 
q 

1 
£ 

9
7

3
 

0
7

, 
q

7
5

 
.:J

 7
t:

, 

~
7

7
 

Q
f
r
;
 

Q
7

Q
 

~
 I

: 
C

 

£ 
1 

"
'F

; 
Q

 
ff

? 

Q
t-

'-

T
A

B
LE

 
8

. 
G

E
N

E
R

A
L 

D
A

TA
 

Il:
S

C
R

IIY
T

IO
N

S
 

(C
O

N
T)

 

l(
1

f'
.A

T
I[

•N
~

 
q

b
1

-Q
1

C
.,

 
A

R
f 

ll
S

F
O

 
T

O
 

D
E

fI
N

E
 

T
H

E
 

W
IN

G
 

S
Y

N
T

H
E

S
IS

 

f1
J
lS

. 
Jf

--
T

t-
:E

S
E

 
L

C
C

A
lJ

O
N

S
 

A
R

E
 

L
E

F
T

 
B

L
A

N
K

, 
T

..,
E

 
P

R
O

G
R

A
~

 

W
IL

L
 

A
~

~
U

M
F

 
r.

u
T

s
 

A
T 

T
E

N
 

P
E

R
C

E
N

T
 

Il
'I

C
R

~
M

f.
N

T
S

 
A

L
O

N
G

 
T

H
E

 

~
x
P

r.
~

E
O

 
S

P
A

N
 

F
~

n
~

 
T

H
E

 
S

H
E

A
R

 
T

IE
 

~
O

IN
T

 
T

O
 

T
H

E
 

T
IP

. 

IN
P

U
T

 
T

Y
P

F
 

IN
O

IC
A

T
~

 
( 

E
L

A
S

T
IC

 
A

X
IS

) 
Z

E
R

O
 

C
O

.G
) 

C
R

 
~

L
A

N
K

 
( 

)=
U

N
S

W
E

P
T

 
A

X
IS

~
~

 
IN

P
U

T
 

P
fR

C
F

N
T

 
F

X
P

C
S

E
O

 
S

P
A

N
. 

O
N

[ 
C

l .
o

)
 

=
S

W
fP

T
 

S
T

A
T

IO
N

S
. 

IN
P

ll
l 

C
II

T
 

IN
O

I 
C

IT
O

F
..

 
N

E
G

A
T

T
V

I:
-

(
-
)
,
 

Z
lR

C
l 

(O
.O

) 
O

R
 

E
L

A
N

K
 

( 
)=

N
O

 
IN

P
U

T
. 

P
rS

JT
lV

l 
V

A
LU

[ 
S

U
C

H
 

A
S

 
n

N
E

 
(
l.

O
)
 

=
IN

P
U

T
 

A
ll

 
F

L
F

V
fN

 
C

U
T

!"
 

A
ll
 

E
L

F
V

F
N

 
C

':U
T5

 
FR

O
M

 
R

O
O

T
 

T
O

 
T

IP
. 

L
O

C
i1

In
N

5
 

q
b

~
-9

1
~

. 
W

lr
-£

. 
~

V
N

T
H

F
S

I~
, 

C
l!

T
 

-
O

N
E

. 
C

 
1

)
. 

H
il

l 
L

IN
E

 
(V

) 
F

P
O

~
 

V
E

H
IC

L
E

 
C

E
N

T
F

F
 

L
IN

E
 

rR
 

F
L

A
S

T
J
C

 
A

X
I~

 
S

T
A

T
Jc

:t
J 

C
V

) 
-

S
W

E
P

T
 

8
R

 
P

E
R

tE
N

T
 

E
X

P
O

S
E

D
 

S
P

A
N

 
W

 J 
"1

 G
 

!. 
Y

N
 H

· F
. S

 1
 S

 
C

 lJ
 T

 
-

TW
O

 •
 

( 
2 

) 
• 

-
T

 t,.
R

 E
 E

 •
 

( 
3 

) 
• 

-
~

(U
R

. 
( 

4
)
. 

-
F 

lV
f
. 

( 
5

) 
• 

-
~

IX
. 

( 
b

)
.
 

-
S

E
V

F
N

. 
( 

7
)
.
 

-
E

iC
-H

T
. 

C
 
8

)
. 

-
N

IN
E

. 
C

 
9

)
. 

-
T

 f
N

 • 
C

 1 
0 

) 
• 

-
FL

EV
FN

 
(
1

1
)
. 

IN
C

H
E

S
 

IN
C

H
E

S
 

D
E

C
IM

A
L

 

F
tt

F
L

 
[1

~
N

~
IT

Y
-S

E
:T

 
T

r 
.0

2
o

 
L

8
/C

U
. 

IN
, 

B
A

S
F

.O
 

O
N

 
t.

5
 

lb
/G

A
L

. 

W
IT

~
~

=
 

L
n

ss
 

JN
 

V
O

LU
M

F-

•r
-,J

 S
C

E
L

L
A

,-
..

~
D

U
S

 
~

IN
G

 
G

E
O

M
E

T
R

Y
 

D
A

T
A

* 
r>

JV
f·

T
I~

(, 
W

JN
G

-P
lV

C
T

-f
:H

IT
T

 
L

)N
f: 

(
Y

)
. 

-S
T

 A
T 

I 
O

N
 

( 
X

) 
• 

-S
W

E
E

P
 

A
T

 
A

FT
 

P
O

S
IT

IO
N

. 
SE

~ 
U

~
F

r 
W

IT
H

 
M

A
N

U
FV

FR
 

LO
A

D
 

FA
C

Tn
R

 
-S

W
E

F
P 

A
T

 
FO

RW
A

kD
 

P
O

S
IT

IO
N

. 
S

E
E

 
llS

E
O

 
W

IT
~

 
M

A
N

IJ
E

V
E

R
 

L
O

A
D

 
FA

C
TO

R
 

JN
C

H
E

 5
 

IN
C

H
E

S
 

q
5

5
. 

D
E

G
R

E
E

S
 

IN
 

L
O

C
A

T
IO

N
 

7
3

2
 

q
5

5
. 

D
fG

R
E

E
S

 
J 

N
 

L
n

 C
. A

T 
I 

fl
 N

 
7

3
 1

 



1
-

,- 0 

TA
I.L

E
 

8
. 

G
EN

ER
,U

, 
D

A
TA

 D
E

SC
R

IP
T

IO
N

S 
(C

O
N

T
) 

-t
 ~
 

c;
 -

c; 
=-
~
 

"1
 t 

• 
'~ 

:= 
t 

""'
I 

• 

1 
I-

..
. 

I;
:)

 a
 

!"
l

l~
 
TT

 
r•

·r
 

(
Y

)
-
r
L

tr
-
-
1

,.
1:

i:_1
i~

u 
u

u
. 

-r
 •J

, 
~
 ·7

 ,
 0

 o
 . 

1
::

ic
. 

F
l/

'.
"'

 
r1

•0
P

"
'/

1
o

p
r:

; 
C

l-'
[1

-
"j

. 
(

0 ,:
:1

:1
)£

:'Y
"'-'

·'.
.,

!(
1

 

l~
!(

'-
'C

~
 

P
1 ft

-"
~c

:; 
:)

f(
.J

a.
1A

L
 

,i
:r

:0
1:

~
c: 

J
.J

l)
 

~
,

1 
!

•1
11

v 
c
:L

rr
. 

'"
'f

r:
l

::
~

l 
IU

~
. 

L
JS

f;
) 

r
n

o 
I 

L
i"

I"
 

~
.v

i 
J
fv

=
0

• 

c 
I 

1 
-

! 
1 

'; 
J 

"'' 
C

 T
 

1 
1 

c-
: 

""'
I 

• 

! 
) 

1
1

 
l 

>C
? 

!. 
)C

 ~
 

l 
)C

 4
 

l 
J 

0 
c;

 

lJ
O

t.
 

l 
JO

' 

lJ
C

0 

)
J

~ 

!.
J

F
' 

l 
>

 ! 
: 

l 
>

 ! 
~ 

l 
) ~

 -
:i 

l
)
.
4

-
!
l
•

, 

l 
J 
! 

' 

r 
11

 ~
 f.

 
! 

1 
( 

~,
 ...

 ~
 L

 
T

 t. 
I 

l 
';

 I: 
~

l 
Y

:: 
T

 P 
'Y 

r 
! 

T
l 

-
I 
~
 C

 • 
! 

'1
0

1
-

, 
() 

~ 
) 

• 
u

" 
r 

! 
7 

~-
"'

 T
 
! 

L 
T

 
I'

 '
 
L 

-
t 

r-
E: 

f.
 

S
 E

 ~
 

l 
O

: 
0 

• 
<; 

(,
 II

 ! 
:;

i 
r 

F
 -= 

c 
T

 

,...
 r 

T
 

' 
1 

(
:
 
;
-

'"I
 e

 

-
.'\

S
P

c:
C

T
 

.J
 . 
.\

T
I

J
. 

_ 
... 

!-.
P
:?

 
0

-.
T

J
U

. 
-

e. 
~

E
 f 

o 
t. 

'' 
G

 LF
: 

• 
S

c
 r 

1 
"

n 
'1 

• 
-P

r
Q

(E
~

T
 

JF
 

CH
0

c
r 

nF
 

~
~
~
~
P
 

A
~

G
L

E
. 

P
u

 T
, 

L 
p

., F
 

( 
.., 

, 
r 

c 
~
 Q

F 
1

1
 u

 ,
, 

T
 ~
 L

 
T

o
 

F
u

 c:
 f

t 
a 

G
 c

 
s 
~
 ~
 I

\ 0
 

T
 
T

 f 
• 

C
" 

T
C

P 
z
r
c

n
( 

:,
.

r:
) 

F
C_1

P 
T

-T
l,

IL
. 

1E
f

l
'-1

~
l 

'1
:r

J
"'

!L
 

")
fr

,D
f~

~ 
l~

C
 J

11
1

~L
 

IM
C

t-
'f

S
 

u 
r 

P 
T

 7 
7 

~ •
 -

• 
l 

T
 ~ 

L
 'l

 C
 fl 

T
 E

 D
 

O
 •,

 
4 

I 
R

 -
v-f

 M
 I C

 L
 I= 

0 
'Y 

T
 t\.

 P
 t

i T
 

J 
N

 
f 

J T
 .

._
 =

 O 
l
r
[
l1 .T

I'
.J"

 
!:

"
q

 
OF

" 
L

O
:A

T
IO

":
 

l1
J0

°
. 

s 
... 

,11 
...

 ,
r
,

,,
n

-
!
,.

T
:r

>
S

::
C

.T
IO

r1
 

,]F
 

H
O

K
t
l
(

~
T

tL
 

l_
':A

l"
J"

JG
 

E
rr

,r
 

A
N

')
 

FU
S

F
L

!G
i 

C
E

~T
~~

 
L

l~
F 

yr
 

L
[C

~
T

I
8

~
 

1
0

~
~

 
TS

 
?
:O

n
 

rp
 

9
L

M
.t

<
. 

-T
~

T
':

~
c:;

E(
T

IG
N

 
o

c 
~

x~
c

c:
E

" 
M

rO
J7

r
~

T
~

L
 

L
E

A
"

J~
~ 

,..,
.,,,

,.. 
c:

L
S

fL
A

G
[ 

~O
L

D
 

L
P

,Jc
 

,r
-

L
C

(f
T

!r
"

J 
l'

l~
()

 

IS
 

:>
n

e.
JT

IV
E

. 
C: 

...
 t 

... 
!
r

► 
(

X
)-

'.
'5

• 
~

L
E

~
::

~
T

 
J

F
 

"'1
~

~
N

 
,\
fP

r
(

v
p

,.
a

v
y
r 

(
H

ri
R

C
(~

A
C

1
 

..,
.r

e 
l

~ 
i::

n
i;

 
r.

r
rJ

;S
 

S
d

C
F

A
:c

 
If

 
11

'.2
')

 
!C

, 
7E

0
C'

 
ri
o

 
Q

L
r.

N
II

'.
 

..,
.,,

,. 
y

e: 
H

":
) 

~
y

r
,

c:
f:

t,
 

S
U

~
fA

C
E

 
IF

 
!

O
~

O
 

ye
: 

c,
:1

S
J

T
JV

': 
• 

r
,

~
~

n
r~

~
 

r
e
~

. 
T

ft
L

 
-

-
'll

tr
=

r; 
L

P
F

 
(7

)-
1

,.
J'

lt
:I

z
rn

.T
~

L
 

T
t.

Y
L

 
P

E
~

E
C

r.:
f\

:(
C

 
l'

L
i\

N
-:

. 
fT

f-
JJ

rv
p,

.~
c

s
1

r
1-

ro
,-

.,
r

c
~

T
. 

( 
...

 µ
 

! 
r

"'
 ,

..
 ~
 (

" 
C

 /
 

( 
~r

 C 
')

 •
 

'T
 
I 

p 
/ 

C
 T

 -i
 I

C
"

'\! 
f 

s C
' 
IC

'"
' r

 pr
"\

 ,
 

p 
r
r
T

 •
 

►
11

1T
 

t•
~

i:
r

. 

JN
f"

I-
~<

; 

y
p

,.
,:

~
c
r
 

II
\J

('
-'

~
C

 

rE
r.

o
f:

' 
Y"

'C
f-l

F.
<

 
,r

e 
I 

"'1
A

l 
'1

E
f 

i 
._, 

'\
I. 

r,
~

r-
:
r•

•T
 

n
c
 

r~
r~

n
 

rF
 

i:
L

A
:i

T
IC

. 
J\

X
JC

: 
f
f

r.
1

. 
<

iE
C

l'
"'

.\
l 

l
r

,:
t.
-
!

"'
"1

: 
~

1
1

 ..
. -

l"
l~

c. 
A

R
:::

 
'J

S
f

l•
 

T
~ 

')
s
:J

:.
p

,r
 

•
µ

~
 

"-
4

n
p

y
7

0
~

-t
..

L
 

T
t'.

!
l
 

s v
 ·:

 T 
f-' 
~ 

; 
I 

c 
,. 

u '
T

 
c: 

• 
I 

F 
T

 H 
:::

 s
 :: 

L
 cc

 ~ 
T

 I
 n,

. c
: 

ti 
c-

c 
L

 ~
 i=

 T
 

~
 L

 t 
111

" 
, 

T
 .

,_
 r: 

p
~

rr
.~

:..
., 

~'
I
l
l
 

~
«;

C
:I

J~
f 

:u
rs

 J
.T

 
T

f
,.,,_

 
0

E
~

f
l=

f\
~

 
I"

J
f"

::
>

f
to

,C
:,

._
T

~ 
A

U
}

I\
(:

 



.....
 

.....
 

.....
 

1'
1 

l 
7 

1
" 

1 
F 

IC
1
1

9
-l

0
£

C
 

1'
1~

0 

1
r
j1

-
1

r
,

c-

1
1

4
1

 
1

0
4

?
 

!O
tt

::
 

1
0

 4
"-

1•
"'1

4
!:-

1<
.'

4
6

 
1 

()
4 

7 

TA
B

LE
 

8
. 

Q
i\E

R
A

L 
D

A
TA

 
D

E
S

C
R

IP
T

IO
N

S
 

(f
fi

N
T

) 

T
h

[ 
FX

P~
~F

O
 

s~
,N

 
F~

O
M

 
T

H
[ 

S
H

[A
q 

T
l[

 
P

O
IN

T
 

T
n 

T
H

F 
T

JP
. 

JN
P

II
T

 
T

Y
P

F
 

I 
N

O
H

.A
T

(.~
 

C
 fl

A
5

T
JC

 
A

X
J 

S
) 

Z
F

k
G

 
C

0
.(

1
) 

Cf
< 

~
L

A
N

K
 

C
 

)=
U

N
SW

FP
T

 
A

X
IS

 
O

R
 

IN
P

U
T

 
P

E
R

C
F

N
T

 

fl
"l

f 
C

 1
. <

·
) 

l~
P

U
T

 
C

U
T

 
JN

O
JC

A
T

O
k.

 

F
X

P
C

S
f[

\ 
S

P
A

N
. 

=
 S W

f 
P

T
 

S 
TA

 T
 I 

O
N

 S
 •

 

C
 

)s
fl

tO
 

IN
P

U
T

. 
•I

N
P

U
T

 
N

E
&

A
T

JV
E

 
(
-
)
, 

Z
F

R
O

 
((

\.
('

) 
~
 

b
lA

N
K

 
P

[S
lT

IV
F

 
V

A
lll

f:
 

su
e~

 
A!

-
(i

l'
,l

l 
C

l 
-
0

)
 

A
ll

 
F

l~
V

lN
 

C
II

T
5 

F
R

O
M

 
R

.O
O

T 
1

0
 

T
J
P

. 
L

n
C

A
T

IO
N

S
 

1
0

1
9

-1
0

2
9

. 

t-
n~

1,
nN

T
A

L
 

~Y
N

T
~F

~J
~ 

C
U

T
5

-0
N

F
 

T
~

R
U

 
F

lf
V

~
N

 
C

l-
1

1
)
. 

JF
 

L
O

C
A

T
JP

N
 

1
r3

0
 

JS
 

11
41

N
t•S

 
u

~
 

Z
E

R
O

, 
b

ll
ll
 

ll
~

F
 

C
Y

) 
F

f.
O

M
 

V
H

tl
C

L
F

 
C

f~
T

rR
 

L
IN

£
 

~
~
 

F
l&

S
T

JC
 

A
X

J
~

 
S

T
A

T
IO

N
 

C
Y

) 
-

$
W

E
P

T
 

OR
 

PE
R

C
fN

T
 

EX
PO

SE
D

 
S

P
A

N
 

I
f
 

L
P

r.
A

T
T

n
N

 
1

0
3

0
 

J~
 

P
O

S
IT

IV
F

, 
~

U
ll
 

L
IN

E
 

C
Y

) 
F

R
O

~
 

E
~

P
O

S
E

D
 

R
O

O
T 

C,
R 

f)
I.

P
fl

S
fD

 
E

L
A

ST
IC

 
A

X
IS

 
S

T
A

T
J

~
 

C
Y

) 
-

~W
E

PT
 

(,
F-. 

P
F

P
r.

 f"
-'T

 
F. 

X
PO

S 
f[

; 
S

P
A

N
 

F
,P

O
S

f~
 

O
P 

G
R

O
SS

 
A

PE
A

 
IN

D
IC

A
T

O
R

. 

IN
C

H
E

S
 

IN
C

H
E

S
 

D
E

C
IM

A
L

 

IN
C

H
E

S 
IN

C
H

E
S

 
D

E
C

IM
A

L
 

lii1
IH

H
JS

 
(
-
)
, 

1E
~

C
l 

C
~

.O
) 

O
R

 
6

L
A

N
K

 
C

 
)•

G
R

O
S

S
 

A
R

E
A

 
G

IV
E

N
. 

P
nS

T
T

lV
L

 
\'

A
ll

lf
 

s
u

a
-.

 
A

S 
O

N
f 

u
.o

, 
=

F
X

P
O

S
F

O
 

A
RF

A
 

G
J
V

F
N

. 
N

f·
l 

ll
~

F
" 

• 

• 
V

~K
l]

C
A

L
 

T
A

IL
 

G
F

C
~

E
T

R
Y

 
O

A
ll

 
V

fJ
:.T

JC
A

L
 

T
A

IL
 

C
fA

C
.h

)-
A

~
F

A
. 

S
ff

 
1

0
4

7
. 

-A
S

P
fC

T
 

R
A

T
!n

. 
-

T
 A

P
F

 P
 

R
A

T
 J

C
. 

-~
W

F
.E

P
. 

SE
E

 
1

0
4

5
. 

-P
fR

C
E

~
T

 
O

F 
C

H
O

R
D

 
'-J

u
l 

ll
S

fD
. 

-
L

U
C

. 
1

0
4

1
-1

0
7

0
 

• 
S0

U
A

~E
 

FE
ET

 
D

E
C

IM
A

L
 

O
F

C
IM

A
L

 
D

E
G

R
E

E
S

 
O

F 
~

W
E

F
P

. 
D

E
C

IM
~

L
 

-
B

 U
T 

T
 

PL
 A

 N
F 

C
 Y

 ) 
• 

I N
C 

H
E 

S 
ll
R

f1 
CC

·.
<

)
 

G
R

 
B

L
A

N
K

 
C

 
) 

=
O

N
E

 
O

N
 

C
E

N
T

E
R

 
L

l~
E

 
P

nS
JT

JV
~

 
V

~L
U

F 
SU

C
h 

A
~

 
T

FN
 

(1
0

.0
)=

T
w

n
, 

rN
F 

~N
 

FA
CM

 
S

JO
F

. 

V
fQ

T
JC

A
L

 
1~

 
L

O
C

•T
~D

 
ON

 
A

JP
 

V
E

~I
C

L
E

 
~

y 
IN

PU
T

 
JN

 
E

IT
~

F
R

 
L

O
(
tl

ll
~

 
1

0
4

~
 

U
k 

L
C
C

A
lJ

n
N

 
lP

4
~

. 



I-
' .,_
 

N
 

: 
) 

:.
o

 

1 
, l

. 
")

 

!. 
l 

5
1 

l 
Jc

; 
1 

! 
, r

::.?
 

~
)

~
3

 
:
)
5

4
-

1
()

5
, 

l 
J

c:;
':, 

l 
>

 ~ 
..

 

~ 
) 

'3 
':> 

TA
B

LE
 

8
. 

G
E

~E
R

i.\
L 

D
A

TA
 

D
E

SC
R

IP
T

IO
N

S 
(C

O
W

) 

t"
T

/\
-
J

~
"1

f)
')

-T
~

T
r

c-
c;
r
c
r

1
c.,

r-~
 

_;
C:.

 
V

E:-
C .

... 
J

C
."a

l. 
l.

~
-·
"
P

,G
 

f~
r,

f 
_\

N
n

 

1-
1_,

~
~

t
!

r.
r-

~
r

\r
t 

L
I

W
::

. 
c; 

... 
_•T

!r
•

·1
x
,-

7
r:

-. 
!:

L
J:"

~
[N

T
 

.J
F

 
~

i.
.l

"
! 

,_
c

=>
r

:
V"

-'
j"

J
r 

r: 
..... 

0
'1

~
('

>
tA

()
 

~
,..

.,
-:-

r-
, 

l
l 

C
F 

v.
 

T
l'

!l
 

r
!

~
 ...

 1
'-~

c
=

 
\..

'A
T

f
J; 

'l
"

'f
 

(Z
~

-J
;J

O
T

 
T

r 
,
r
r

r 
~

t.
n

=c
: 

L
T

P
.I

~
. 

<
 T

H
 J

r"
 ,.,

 ~ 
c: 

«; 
1 

r 
w

w
'"' 

, P
 G

L
 T

 • 
( 

'T
 ~
 J

 ( 
I"

 t
 I 

c 
~
 C

:: 
/ 

r 
H

r 
P

 ,
..._

 I
 'T

 J
 P

 
/ 

( 
T

H
 I

 C
t( 

~ !
 E

 <; 
<; 

/ 
P

-'
 f 

I.
Ir

 
) 

0 
r 

r' 
T

 
• 

,,
r 

... 
1,

c:
~

 ..
...

 

,,
-,

:H
~S

 
I 

~
C

M
':5

 
l"

fr
,p

 F
~

 
Jt

.'C
t-

'F
~

 
i1

fC
 1

.-
fl

l 
'"

lf
C

l~
A

L
 

P
H

r
P 

... 
r

e 
( 

... 
r
►

J 
t.

T
 

::
L

t.
S

T
IC

 
A

X
T

~
 

(
~

t
il

. 
'1

E
C

l"
'~

l 

1
n

,:
rT

J
n

ri
c: 

)t
"'

C
.~

-l
_

'l
t.

,c
. 

t.
~

~
 

U
S

t
l·

 
T

r
 

D
F

S
:J

!\
F

 
n-

~c
:: 

V
fP

T
J
r

A
L 

T
~

T
L

 

c:
v

•!
· 

... 
c:

:s
rs

 
("

IJ
T

C
::

. 
If

-
T

H
=

S
=

 
L

fl
C

A
T

J
n

P
 c

; 
r_

o
c 

l 
C

::
C

::
T

 
~

,A
.

'<
, 

T
t-

1
'.

" 

r,
p

·,
r.

p
r_

•~ 
',i
l
l
l
 

A
~

~
IJP

-1i
. 

C
U

lS
 

A
T 

T
F

~
 

p
rc

rF
~

T
 

P
J

('
0~

"4
F

f'
1 T

~ 
A

l'
'lN

G
 

T
4

c
 

c
x
o

r~
E

.) 
C

D
.H

I 
F

F
·J

M
 

T
l-

ff
 

S
~

E
l':

P
 

T
J
F

 
P

f
f
~

T
 

T
O

 
T

 ...
 C:

: 
T

J
P

. 

n
.1

0
1

1
 ...

 
T

y
P

F
 

t"
-:

rt
rh

T
L

l~
 

(E
L

A
S

T
IC

 
A

x
tq

 
1

r
0

ri
 

,
a 

•
. 1

, 
r
P

 
rt
tt

N
I<

, 
t=

U
N

5
W

E
P

T
 

A
Y

JS
 

ro
 

J~
P

tJ
T

 
P

E
Q

C
fN

T
 

::
X

P
O

S
!=

fl 
S

P
I\

"-
• 

n
~•

 C
 

f 
1 

• 
J 

) 
=S

W
 [ 

P
 T

 
c; 

T
 ,'I 

T
 J

 n
 t,J 

S
 • 

I •
 Ip

 '
J T

 
r 

,_,
 T 

I "
! r

 y
 ( 

" 
T

 'J
P 

• 
~!

r
r.

A
 ...

 J
V

~
 
(
-
)
,
 

!
E

~U
 

(
0
.0

)
 

O
P

 
B

l
A

~
lf

 
• 

l 
="

'4
C

 
t '

JD
U

T
 •

 

r,
 r 

r; 
T

 ... 
I 

V
 [ 

V
 f. 

L
t'

 E
 
~
 U

C
 t-J

 
A

S 
O

N
E 

( 
l 

• 
I)

 t
 

: 
T

 ~-
P

•J
 T

' 

·"-
L

L
 

!--
L

r-
"c

::
~

• 
C

t.
T

c
: 

F
k

O
"'I

 
f.

f'
C

T 
T

lJ
 

T
f 

P
. 

l
f

(
'I

T
J

f
'l

) 
!'

)C
O

-\
O

f-
~

. 

l)
i•

-
1

1
f:

C
 

v
cr

-T
J
ft

.L
 

~
Y

"-1
'T

H
f"

S
t

S
 
(U

T
S

-
O

'IE
 

T
H

P
IJ

 
q

c
v
q

 
f

!
-
l!

t
.
 

l 
J ~

 :-
, 

lot
-' 

,.. 
f;

: 
I_ 

I N
E

 
( 

7 
l 

c 
►
 0

 P
 

E
 X

 P 
1)

 S
E

 D
 

P
 ,-,

,,
 T

 

r0
 

ft
ft

5
 ...

 !
C

 
~

1
,<

; 
~

T
tT

I
O

~
 

(
l)

 
-

~
~

c
p

T
 

('
P 

P
?

~
~

s:
,:

T
 

fY
l'

'"'
5

;::
'!')

 
S

P
A

"-1
 

vr
c: 
-
y
r
 
~

l 
... 

t, 
!

L
 

L
rl
':

!T
 J

O
N

 
J 

'4
:'

I
C

tT
r)

~
 

l)
=

C
•-

~
::

L
f.

l".
S:

 

+
=-

1
-f

~
r,

 

P
lf

4
!=

~
 

f 
~

•U
·E

'S
 

'"
'~

( 
J"

'.\
l 

:_ 
) 

! 
: 

-
~ 

~ 
C

 
J 

~I
 '"

' T
 

I J
 C'

 ~
 n

 •
 

• 
~
 U 

c; 
F

 
L 

,
-
.
 
-
:
 
f 

',
 t 

r, 
t1o

1 
E

 
T

 
R

 
Y

 
[·

 /,
 T

 t.
 

-
l 

r 
r 

• 
l 

O
 
~
 1 

-
! 

1 
c:;

 5
 

• 

l 
) 0

 
l 

O
r 

? 
Y

 "'
~ 

T
 
r 

c: 
r 

"'
'"' 
~ 

-
'-' 

L
 c: 

T
 

:. 
( 

k-
: E

 
-tl 

I 
T

 rl
 

P 
~T

A
 

J 
~ 

t 
C

,: 
t 

T
 
l 

(1
 J\

J <
; 

! 
! 
~ 

fi
-

~ 
1 

; 
5 

• 

~'
 

=-
f 

1 
• 

': 
, 

=
 D

 
E

 c 
l 

'A
r
 T

 f-
f 

I 
S 

I 
•J

P 
U

T
 •

 

...
 ',

,l
 

(
;
'.

"'
l

=
O

fL
J
''
C

-
f
l
 

cr
=<~

tc
r,

,~·
· 

r
t

(
T

rr
: 

T~
 

l
'

!O
•

IT
 

-
!J

C
:' 

Lt
 c-

'. •
 ~ 

~ 
i '

· 
;:-

I r
t

!~
 r

 
2 
~
 

F 
O

:; 
lr

-H
-' 

l •
 T

 
I 

'-I
 

L
 r 

r 
• 

T
 
T

 ,..,
,. 

~
 

, 
: 

"' 
'. 

-
, 

l 
.., 

c 

l 
J 
►
 

.,
 

P
J•

•~
n

r
t 

~
;::

 
C

t•
•

<: 
=

n
~

 
S

►
1
t
L
L
 

S
Y

(;
T

H
r-

C
:J

C
: 

-
•

')
 

r
1

1
T

C' 
•-•
t
Y

f
'1

l1
'.-

• 



I
-

1
-

1.
,-1

 

TA
B

LE
 

8
. 

C
l:l

\E
R.

r-\
L

 
DA

TA
 

U
ES

C
R

IP
T

IO
N

S 
(C

D
N

T)
 

--
u~

T
 

A
f.

P
(l

 
W

TT
t-'

 
[J

A
T

A
 

IN
P

U
T

 
IN

 
L

rC
A

T
IO

N
S

 
1

1
3

6
-1

1
5

4
. 

1
0

~
3

-l
'l

~
~

. 
N

fl
l 

U
S

~
D

. 

L
O

C
ll

lC
lN

S
 

lO
P

.6
-1

1
~

5
 

O
E

F
IN

F
 

TH
E 

F
ll

S
E

L
A

G
F

 
G

E
O

M
E

T
R

Y
 

A
N

D
 

C
O

O
R

D
IN

A
T

E
S

. 
'L

L
 

G
F 

T
~J

:S
F

 
L

C
C

A
T

JO
N

S
 

M
U

ST
 

~
f 

E
N

T
fk

E
D

 
CA

LL
 

1
0

 
C

U
T

S
).

 
J1

E
-f

 
F

J~
$

1
 

C
lJ

l 
-

A
l 

N
O

SE
 

T
I.

, 
S

T
A

T
IO

N
 

C
X

) 
IN

C
H

E
S

. 
J0

;:
\7

-1
1

1
0

,.
 

H
JT

E
R

1 A
[[

,J
l-.

1F
. 

C
U

T
S

 
(E

) 
S

T
A

T
IO

N
 

(X
) 

JN
C

H
E

S
. 

i
,
o

~
 

L
A

S
T

 
C

U
T 

-
A

T 
T

A
JL

 
T

IP
 

S
T

A
T

IO
N

 
(X

t 
IN

C
H

F
S

. 
1

~
q

b
-
ll

r
•
 

n
t!

T
IN

(F
 

f~
O

M
 

Z
F

R
O

 
W

A
T

FR
 

L
IN

F
 

R
E

F
E

R
f~

C
E

 
TO

 
FU

SE
LA

G
E 

H
A

LF
 

f"
F

P
H

-. 
A

T 
fU

S
fL

A
G

F
 

C
U

T
!.

. 
W

A
TE

R
 

L
Y

N
E

 
(Z

) 
IN

C
H

E
S

. 
ll

O
t-i

-1
1

1
 ••

 F
ll

S
F

 L
H

~
f 

u
F

P
lH

 
JT

 
F

U
S

E
 L

A
G

E
 

C
ll

T
S

 
IN

C
H

E
S

. 
l 
ll

 t
,-

1
1

2
 ~
 

F 
P

S
I·

 L
A

G
[ 

W
 1
0

T
H

 
A

T 
F

ll
$

 f 
L

A
G

F 
C

U
T

S
 

IN
C

H
E

S
• 

11
2

t-
1

1
3

'>
 F

U
~

f:
L

A
G

F
 

P
fP

JM
fT

F
r 

A
T 

F
U

S
F

L
-C

.F
. 

C
U

T
S

 
JF

 
1

0
8

1
=

1
.0

 
IN

C
 ...

 E
S

. 
f 

ll
S

F
L

A
G

f-
P

E
:R

IM
F

T
F

.R
 

C
O

R
R

E
C

T
IO

N
 

F
A

C
T

O
R

 
IF

 
1

0
8

1
=

2
.0

 
ll

"3
b

-1
1

5
-.

 
F-

U
SE

L
A

G
F.

 
s.

.-
..

,T
t-

iE
S

JS
 

C
L

IT
S 

**
 

M
U

ST
 

E
N

T
E

R
 

FR
O

M
 

1 
TO

 
1

9
 

S
T

A
T

IO
N

S
*

 
"A

l~
F.

ff"
-1 

O
F 

C
II

T
S

 
ll

S
f:

0
 

M
U

ST
 

B
F 

E
N

T
E

R
E

D
 

JN
 

L
O

C
A

T
 J

O
N

 
1

0
8

2
. 

F
JR

S
T

 
C

IJ
T

 
M

llS
T

 
BE

 
A

FT
 

O
F 

"I
O

S
f 

R
E

F
E

R
E

N
C

E
 

L
O

C
. 

1
0

8
b

. 
L

A
S

T
 

C
U

T 
~

tr
S

T
 

PE
 

FC
R

W
A

R
O

 
O

F 
T

A
IL

 
R

E
F

E
R

E
N

C
E

 
L

O
C

. 
1

0
9

5
. 

1
1

~
~

 
N

PT
 

jV
l!

L
t

B
L

E
. 

11
'-

t.
-
ll

b
f
 

N
C

T
 

U
~

F
O

. 

• 
~

A
C

F
L

U
.-

IN
D

 
I
J

F< 
JN

[)
l£

T
IP

~
 

S
Y

S
T

F
M

 
D

A
T

A
• 

L
O

C
ll

JO
N

5
 

ll
b

l-
1

3
6

0
. 

11
 t

-1
 

r~
U

M
EH

S(
 

O
F 

N
A

C
f:

L
L

F
~

/j
J
k

 
V

fH
JC

L
E

. 
ll

t,
, 

f-
N

f'-
H

,F
 

F
Y

-P
A

S
~

 
R

A
T

J
('

. 
li

t
~ 

IN
L

E
T

 
TY

P
~ 

IN
O

IC
A

T
O

~.
 

fN
f 

(l
.C

)=
F

JX
E

O
 

O
U

C
T

. 
lw

u 
(2

.0
)=

fl
X

E
r 

S
P

J~
F

. 
T

 H
P 

H
 

f 
3 

• u
 )

 =
H

 ~
 I

 Z
 (f

l!
 T

A
 L

 
R

A
 M

P
• 

FO
llF

< 
f
4

.r
•)

=
V

f"
T

1
C

:A
l 

F
U

M
P

. 
F

JV
F

 
f5

.
0

)=
T

R
A

N
~

ll
T

A
A

L
F

 
~

P
IK

F
. 

~
IX

 
(~

.O
)=

f
X

P
A

N
O

A
B

L
[ 

S
P

IK
E

. 

ll
t-

'-
(

A
PT

U
I-

~ 
A

~
E

A
/I

N
L

F
l 

-
Fl

"P
 

S
F

-I
K

E
 

T
Y

P
E

 
O

N
L

Y
 

S
C·

. 
IN

C
H

E
S

 
l 

1 
t-

~ 
I\:

 I 
I P

1~
 f

 ~
 

I'
 F

 
I 

N
L 

E
 T

 ~ 
/ 

6 
J F

-, 
V

E
~ 

J 
C

 L
E 

• 
l~

r-
t 

2
J

S
T

1'
"'

U
-t

.
E-

A
C

Jt
-..

G
 

f
(

1l
,F

 
O

F 
D

U
C

T 
Tf

1 
T

H
R

O
A

T
 

(X
 

R
F
F

.)
 

IN
C

H
E

S
 

l
l

r-
7 

P
.r

.J
~

J:
-~

Jl
!

-.,
P

F
P

/A
l

f< 
V

F
M

J(
L

F
. 



-,..... +:
. 

11
 t

. l
· 

11
 t

, 
~
 

11
 7

C
 

ll
 7

1
 

1
1

1
; 

11
 7

 3
 

1
1

7
4

 

11
 7

..,
 

11
 7

6
 

1
1

 7
7

 

1
1

 "1
b 

11
 7

C?
 

1
1

 t 
0 

1
1

 8
1 

11
 l

·?
 

1
1

 ~
?

 
1

1
,:

1
4

 

1
1

 f
, !

 
11

 f
ib

 
\
l 

k
1

 
11

 F
! F

 

l
l
 b

e
; 

l 
l 

Q
(J

 

T
AR

LJ
: 

8
. 

G
E~

ER
.-\L

 
D

AT
A 

O
ES

C
R

IP
TI

O
:--

JS
 

(C
O

i\
T

) 

-H
1

~
l:

~
T

/H
J
G

IN
F

 
C

 M
AX

 
~E

A
 

L
FV

E
L

 
ST

A
T

 J
C

).
 

➔
f-

l&
H

T
 / 

E
N

G
i 

N
~

. 
-
U

· N
C,

 T
t-

'.
 

-M
A

X
IM

U
M

 
O

IA
H

fT
F

P
. 

-G
I~

T
A

N
C

E
, 

F
R

O
N

l 
F

A
C

F
 

T
C

 
C

F
N

T
E

R
 

O
F

 
~

R
A

V
J
T

Y
. 

~
T

tT
Jn

N
 

(X
) 

u
U

C
T

 
lf

A
O

J
~

~
 

F
O

f.
F

 
~

F
 

IN
B

O
A

R
D

 
F

N
r.

J
N

F
 

P
A

f.
l(

A
G

F
. 

JN
H

'A
~O

 
N

A
C

~
L

L
F

 
C

E
N

T
E

~
 

L
IN

E
 

I.
T

 
fN

G
J
N

E
 

F
R

O
N

T
 

F
A

C
E

 
-

R
U

T
T

 
L

lN
F

 
C

Y
) 

I 
N

H
' A

o 
~
 

N
A

C
E

 L
L

 E
 

C
F

 N
T 

f 
R

 
L

IN
 F

 
A

T 
f 

N
G

 J
 N

E
 

F
R

 O
N

T 
F 

A
C 

f 
-

W
AT

FR
 

L
IN

E
 

fl
) 

!T
A

T
IO

N
 

(X
) 

uU
C

T
 

L
E

A
D

IN
G

 
fD

G
E

 
O

f 
nu

T
R

O
A

R
D

 
E

N
r,

JN
E

 
F

'A
C

K
A

C
.E

-. 
C

,tJ
T

~C
•A

R
D

 
•.

.J
iC

F
L

L
~

 
f.1

:-
N

T
E

R
 

L
IN

F
 

A
T 

F
N

G
JN

f 
F

~
O

N
T

 
F

A
C

f 
-

B
U

T
T

 
L

I 
N

E 
C

Y
) 

C
U

T
h

O
A

R
D

 
N

A
C

.F
.L

L
E

 
C

E
N

T
E

P
 

L
IN

F
 

A
T 

E
N

G
IN

E
 

F
R

O
N

T
 

FA
C

E 
-

W
A 

T
F

 P.
 

L 
I 

N
F

 
( 

Z
 ) 

~W
T

 
lJ

S
F

CJ
. 

~
V

L
0N

-S
W

fF
P

 
G

F 
L

F
JO

lN
C

 
F

.O
G

E
. 

-T
Y

PE
-

O
F 

M
O

U
N

T
IN

G
. 

Z
fP

O
 

(0
.0

)=
V

E
R

T
IC

A
L

. 
O

N
f 

fl
.0

)=
H

O
R

IZ
O

N
T

A
L

. 
-C

h
O

~
n

 
O

f 
lN

P
C

A
~

D
. 

-S
P

A
l'

i 
fl

F
 

IN
t-

tA
~

D
. 

-C
~

0
~0

 
O

F 
O

U
lf

-O
A

R
D

. 
-S

P
A

N
 

O
F 

f'l
JT

~C
A

R
D

. 

P
n

U
N

O
S

 
P

O
U

N
D

S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

IN
C

H
E

S 

IN
C

H
E

S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

JN
C

H
E

 S
 

D
E

G
R

E
E

S
 

JN
C

H
F

 S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

IN
C

H
E

S
 

-T
H

T
C

K
~

fS
S

/C
H

u
;!

D
 

~
A

T
J
O

. 
tF

F
A

-A
lJ

X
IL

L
JA

~
V

 
J~

L
F

T
/N

A
C

F
L

L
F

. 
-O

lJ
C

 T
 

B
Y

-P
A

S
S

 
O

O
O

R
 /

N
A

 C
EL

L 
f
.
 

-p
,t

 J
 S

C
 f 

LL
 A

N
 E

O
U

 ~
 

oo
or

.c
./

N
I.

C
':

L
 L

E
. 

D
E

C
 I 

M
A

L 
S

 O
llA

R
E

 
F

E
E

T
 

so
u

,R
E

 
F

ff
T

 
S

Q
U

A
R

E
 

F
E

E
T

 
~

.,_
r-

G
ttf

" 
l"

ID
JC

JT
C

~
. 

Z
FR

O
 

(J
IJ

 f 
G

R
E

A
T

E
R

 
T

H
A

N
 

(O
.O

) 
=

~
O

. 
(
1

.
0

)
 

=
Y

E
S

. 
O

N
F 

(1
.0

+
)=

A
R

E
A

. 
S

O
U

A
R

E
 

F
fE

T
 

JJ
~

J-
1

2
0

~ 
~
~
T
 

L~
fO

. 

L
G

C
A

T
JC

N
S 

1
2

0
l-

1
2

7
P

 
A

R
f 

U
S

£~
 

T
n 

D
E

SC
R

IB
E

 
TH

E 
D

lC
T

 
G

E
C

~
E

T
R

V
 

ll
0

l 
O

f~
lM

~
T

F
P 

cc
r,

 
-

~
,~

, 
tG

k
ff

 
W

IT
H

 
D

A
T

I 
IN

 
L

O
C

A
T

I
O

N
S 

1
2

6
1

-1
2

7
0

. 



...
. 

...
. 

V
, 

l 
?C

? 

TA
BL

E 
8.

 
GE

NE
RA

L 
DA

TA
 D

ES
CR

IP
I'I

O
N

S 
(C

ON
T)

 

r 
.. 

~-
r1

.J
,:

-n
i:

:r
1

..
,:

:T
E

h
 

1
5

 
lt

-.
.P

U
T

. 
'T

'\-
'"

 
,~

.I
Jt

=
o

c
r.

 !
Y

fT
c
F

 
C

L'
4

o
~

c
r1

c
'\I 

F
1

1
rT

r
P 

ye
; 

p
;0

11
T

 
-

uc
;i

: 
rt

1P
V

f~
 

l"
J 

F
Jf

'.
tf

O
f 

2
3

 
H

H
 

Jf
-;

O
lf

T
 

f"
J 

L
0

C
~

T
I

O
~l

5 
1

"
!6

1
-1

2
~

0
 

~:
u

P
':

'.
\f

P
 

,..
F

 
C

L
'S

 
T

••
Q

u
 

l)
U

C
T

 
•
•

:A
A

Y
 

rr
..

ri
::

ci
 

:,
 

T
t-

4P
U

 
!u

••
 

M
t1

c
;T

 
A

rC
:f

E
 

W
JT

 ...
 

nA
T

A
 

l~
P

IJ
T

 
1"

4 
L

f"
)C

J'
,T

JC
\5

 
1

~
1

1
-L

'"
O

. 
1

~
>

::
-1

~
1

0
 

"'
f'

T
 

u~
Er

. 

1
:L

!-
!.

,;
-0

 
r:

t1
rT

 
r1

•T
~

 
R

E
F

. 
FC

.P
P-

L
.,U

:T
 

L
E

:t
l'

l~
•,:

; 
F

O
r.

F
 

c;
rA

T
lf

J"
' 

,x
, 

r: 
I F

 S
 T

 
f. 

U
 T 

ti 
T

 
l. 
~ 

A
 ~
 I

 "·
 G

 
c: J

r.
 E

 
( 

! 
~ 

lJ
 

=
 

0 
• 

0 
t 

L
J'

S
T

 
C

U
T

 
A

T 
fr

,G
P

1
E. 

F
l.

C
c 

T
(I

T
4

L
 

"1
tt

--
~

~
;.

:-
c
c
 

c:
JT

s 
~

u
sr

 
A

G
O

F
f 

\o
,J

T
H

 
L

ff
!.,

T
Jr

.~
 

1
2

0
;,

. 
1

2
 ! 

1 
-

~ 
:> 

? 
o 

['l
 u

r 
t 

r 
c: 
~ 

, 
E

 ~ 
L 

I N
 E

 -
"I

S
T

l\
~

•C
E

 
F

R
~

'4
 

C
E

~
T

H
L

IM
E

 
·t

F
 

V
E

t-
ll

,.
U

: 
T

r 
C

E
N

T
fJ

:L
J~

E
 

(
If

-
ou

c~
 

F
(1 P

 
F

U
S

fl
fl

t;
E

 
~U

R
IE

i"
) 

F
'i

r,
JN

F
 

C
('

N
(f

:P
T

 
(~

J
I)

 
[)

J5
T

M
-1 C

I: 
FD

n"
4 

C
E

N
T

E
~

L
IN

E
 

J
F

 
~

IA
C

fl
lE

 
T

r 
C

E
~

T
E

D
L

J~
f 

U
F 

O
JC

T
 

F
O

~
 

N
A

C
F

ll
[ 

~C
U

N
T

E
C

 
-r

~
G

1
~

rs
:-

-
--

-
-

-

1
2

1
1

-1
2

4
0

 
N

C
T 

u
c;

E
~

. 
1

~
4

1
-1

2
5

0
 

r1
1

rT
 

n
fD

T
M

 
~T

 
f"

U
C

T
 

C
.U

T
S.

 
li

H
-l

?
fO

 
fl

l(
"
T

 
l-

ln
l.

.,
. 

A
T

 
f'U

C
T

 
C

U
T

S
. 

1
2

 >
 1

 -
1 

z 
..

 o
 P

 ur
 r

 
O

 r 
P 

t ~
 r 

T
 ~
 P

 
,., 

, 
D

u 
c r

 
c 

u 
T

 s 
I 

F-
1 

'? 
n 

=
 

1 
• 

o 
• 

f"
l I

f 
T

 
p

f~
 '1

11
1 

F. 
T

 F
F 

C
 '1

0
 F

, 
E

C
 T

 l 
Q

"
' 

F 
6 

( 
TC

 0 
' 

F 
l 

.. 
') 

1 
=

 
2

. 
') 

• 
1 

?.
., 

l 
1

1
1

~
-1

:?
 ...

 ~
 

1 
!"

' 4
 

1 
! 

_. 
C,

 

l!
~

f 
l 

! 
.., 
~
 

l 
! 

7 
..

 

l 
! 

7
..

.,
 

~ 
~ 
~
 (

)
 

l 
! \

, 
~ 

1
1

1
1

,u
q

F
p

 
ri

c
 

P
A

"
8

P
5

. 

,.
,,

,T
 

l!
S

fr
 • 

t
q

r,
T.

., 
D

A
-.

.P
 

"'
ll

~
q

~
q

 

., '
 r

 T
.
.
 

c: 
:. 

•• 
P 

~
,,

 u
 ~
 c

:::
; 

l 
l 

I :
' -

~ 
J 

c-
f·

 
'" 

l •
 

l J
 c 

i" 
r 

• 

O
N

E 
( 

l 
, 

TW
O

 
( 
2

, 
T

H
P

::
=

 
( 3

1 
H

J
U

J. 
( 
4

, 
'lN

E
 

( 
1

)
 

T
W

(J
 

( 
'

) 
T

H
P

~
~ 

( 
3

. 
F 

O
U~

 
( 
4

, 

T"
4C

H
ES

 

J~
rH

f 

IN
C

t-l
F 

IN
C

M
FS

 
tN

C
t-

lE
S 

IN
C

H
E

~ 

Jt
.J

C
M

F
.~

 
t '

-I
C

M
~

$ 
l~

IC
..,

~~
 

J
N

(M
t'

$
 

l"
JC

H
F

~
 

t"
JC

 ..
. C

~
 

f
l'!

(l
-'

C
S

 

1 
~-

c 
... 

c 
~
 

: :
 ,.. -

f
"
C

T
_U

 
(C

.
-L

C
l\

f'
T

l'
••

r.
 

!..
L

·l
::

 
C

r 
·.

t.
:::

~
L
t
r
 

T
f'

 
f"

T
O

';
T

 
:>

•,
·.A

L>
 

1
•

n
•

r
=--

. 
,
,

r
µ

c
C

 



....
. 

....
. 

Q
\ 

TA
BL

E 
8.

 
GE

NE
RA

L 
M

TA
 D

ES
CR

IP
TI

ON
S 

(C
ON

J')
 

l'
?

U
-!

?
"'

:1
 

~:
U

T
 

tJ
<:

~
r

. 
!?

~
~

 
~

c
p

1
~

rT
~

p 
r0

r
~

 
-

~L
~T

 
A

G~
~E

 
w

1T
~ 

7
A

r~
 

r~
 

L
~~

A
T

1
ri

~
s 

1
,i

::
1

-1
1

~
0

. 
n

r.
o

c 
(
l.

"
)
:l

'\
f
[
l'

4
:T

~
f 

I~
 

IN
P

IJ
T

. 

I 
J
C

~
 

~
 
. 

.. 

T
W

' 
,,

.!
'\

)=
D

E
i:

:1
..

.-
c
rE

 ...
 

C
fl

=
~

E
c
r1

·1
~

 
c
rr

T
ri

P
 

1
c
 

JI
IJ

P
U

T
 

-
u

c
;~

 
r
tt

0
V

~
S

 
l'

I 
C

Jf
,!

fO
F

 
?

~
 

FO
i-

. 
IN

µ
lJ

T
 

JI
'' 

tr
•t

:t
.T

Jr
t-

S
 

t~
5

1
-1

"
3

t,
f)

. 
l'l

lt
,.

.A
fP

 
n

F
 

('
•J

T
<

; 
T

M
C

U
 

~
t.

C
=

L
L

t.
 

••
~

rv
 

c
i•

T
fg

 
~ 

T
l-

'D
II

 
i'

J•
• 

•·
t,

 s
 r

 
A

r.
 P 

rs:
-

~· 1
 T 

f-'
 

r ~
 r:

.. 
1 

"'
P

u
 r 

Jr
., 

1 
e

r 
~ 

T
 r 

r
"
 c;

 
1 
~
 1

1
-1

 3
 1

 o
 •

 
l 
~
 n

-•
 zr

: 
~ 

P
-,

(,
T

 
ll

!_
:!

:r
•.

 
l!

"
~

 
N

~r
~

L
L

F 
w

t.
x
,~

u
~

 
~

rr
r'

"'
· 

1
1

1
0

 
~T

O
T

H
. 

1
3

l
l
-
l
,

1
" 

~
ir

C
':

L
lf

 
f

'J
T

S
 

i:
:p

:.
 

F
i-

U
M

 
)

IJ
,:

T
 

L;
;.

l'.
f'

l~
r:

 
cr

:r
.F

 
S

T
a

T
J
C

~
 

fX
) 

• 
c 

P
S

T
 

ru
'i

°-
A

T
 

t_
C

A
n

J~
.G

 
E

)r
.=

 
f 

1
3

')
1

 
=

 
"
·
 )

)
 

-
-

• 
-

L
ft

S
T

 
q

,r
 

:,
r 

L
A

S
T

 
f-

U
L

L
 

S
E

C
T

JC
N

 
r
r
 

f'J
f,C

':
L

lf
 

r
n

r
t.

t 
~1

u
~

~
1

:0
 

n
c
 

ru
rs

 
~

L
IS

T
 

A
G

->
C

F
 

~
J
T

4
 

L
r(

"t
.T

l'
l~

 
1

2
c
;z

. 
1

3
1

1
-1

?
:0

 
~

rT
 

U
~

F
r.

 
E

J
l-

1
3

4
0

 
~,

.a
ci

::
t 

L
~

 
rF

P
T

H
 

A
T

 
~

A
C

~
L

L
::

 
~

u
rs

 

l~
C

M
F

S
 

Jr
.J

r..
,.E

c:
 

P
·IC

._
E

~ 

t.,
t:

H
fC

 
IN

C
,-.

!=
S 

1
J

♦
1
-
1
~
i
:
:

,,
 

~•
,.

r,
:t

L
E

_'
-'

Y
J'T

..,
. 

,.
T

 
~

A
C

E
L

L
c
 

C
!J

T_
s 

_
_

_
_

_
_

_
_ 

_ 
1

3
il

-~
,,

-n
 

,,
,.

r
~

ll
 c

 
P

E
F

J
U

!:
T

F
D

 
AT

 
~

r.
:'

:L
L

E
 

C
U

T
S

 
JF

 
1

7
.,

l=
l.

J
 

-··
 -

iN
C

JJ
E

S
-

-
r:

A
fH

L
E

 
P

fP
J

~
fT

E
O

 
(C

•R
k
E

:T
J
C

,~
I 

F
A

fT
~

t'
 

l~
 

1
2

0
\s

'>
.I

) 
1

3
"
J
!-

!4
0

0
 

~•
O

T
 

lJ
C

:f
~

. 

**
 L

rr
~

.T
J
P

,(
 

l4
•)
l-

,4
4

e
 

.\~
E

 
U

S
f~

 
TO

 
n

v
fP

-P
J
~

F
 

P
~

Q
~

~
"
'C

"
'T

 
~I

C
:.

51
f.

'N
 

~
C

f.-
.A

FP
·T

 
r,

t.
T

~
 

c
r,

o
 

C
A

T
lG

lJ
~

 
t.

V
A

L
IJ

l'T
J
fl

P
I 

-
cu

co
p

,r
 

P
fP

M
M

JC
N

T
 

~
~
T

~ 
T5

 
F

ro
 

F
!
y

c
n

 
~

IN
~

 
A

IP
C

~
A

F
T

 
-

A
lL

-
C

J~
H

T
 

S
F

~
M

E
~

T
C

: 
/\O

F 
t..

F
('

t
JT

O
~

')
. 

**
 

i-
.)

!-
•
4

1
i: 

c;
~
r.

~
n

•T
 

T
Y

O
,:

~ 
(r

J
r:

 ...
 , 

6
L

J
::t

<:
:..

> 
-.

q
c,

s
J
f1

'I 
5

E
";

""
fN

T
S

).
 

Jl'
-'

.,l
l'•

· 
A

/V
 

C
LA

<=
c;

 
1

!:
S

fP
J
f"

T
J
,:

, 
l
.

O
 

c
,a

 
t.

S
C

.t
'i
T

, 
C

F
U

J
5

r,
 

L
r
tr

c
:)

, 
('

0 
'"'

':=
5

C
F:

~I
T

 
:'

.(
) 

c
,-

"l
 

?
. 

0 
:: 

• 
'\ 

4
.0

 
c
,a

 
' 

• 
0 

I
)
'
 

,_
,., 

D
T

! 

:
'e

')
 

D
f

! 
• 

,.,
 

p 
! 

J 
• 

•
" 

(
t
i
,(

T
 

.:
.

'; 
r:

..
,r

• 

I 
H

-
T

) 
L

,;
c

u
~

')
 

r
p

,
A

(
I
T

 

~U
B

S
lN

IC
 

A
J

0 
T

r
 

~
JP

 
rr

~
q

A
T

 
s U

P
 t:

? 
s :

-, r.
.i 1

 c 
t. 

I 
O

 
T

 ,
.. 

, 
T

 0 
r: r

 •
A

O
 
a 

T
 

A
L

L
 

~
IS

S
IL

~
 

c;
E

~
,.

.r
~

~
s
 

/.
S

(=
•l
f
,
 

•)
l·

::
ir

:f
~

T
, 

r,
p

 
O

[C
tJ

~
l'

"
''

r, 
C. 

K
 Li

 I 
5 
=

 ( 
~ 

H
 T

r. 
H

 
I\

 L
T

 J
 T

,.
 r-

r 
.>

 c
 "

l c
 T

c 
~

.,.. 
T

 r
" 

l 
J,

. 
II

L
T

IT
L

J:
J'

: 
P

fl
'-f

f
T

P
t.

.,
..

t
r:

·J
 

t.
S

C
E

~
T

. 
)
[
s

r
rP

.1
T

, 
(1

t'
 

O
fC

tJ
C

L
f

'.
r 

C
Q

.U
I

SC
 



.... .... ....,
 

TA
B

LE
 

8
. 

C
£N

ER
AL

 
D

AT
A 

IE
S

C
R

IP
I'l

~
S

 
(C

ffi
C

T
.)

 

l4
0

9
-l

4
lt

 
M

AC
H 

N
U

M
B

ER
 

C
O

R
R

ES
PO

N
D

IN
G

 
TO

 
BL

O
CK

ED
 

SE
G

M
EN

TS
. 

1
4

1
7

-1
4

2
4

 A
LT

IT
U

O
£ 

C
O

R
R

ES
PO

N
D

IN
G

 
TO

 
&

LO
CK

ED
 

SE
G

M
EN

TS
. 

1
4

1
5

-1
4

3
2

 M
IN

G
 

SW
FF

P 
IN

O
IC

A
T

rR
 

C
C

ltR
ES

PO
N

D
IN

G
 

TO
 

BL
O

CK
ED

 
SE

G
M

E
N

T
S.

 

1
.0

 c
 

FI
X

E
D

 
W

IN
G

 
A

IR
 

V
E

~I
C

L
E

 
2

.0
 

• 
V

A
R

IA
BL

E 
SW

FE
P 

W
IN

G
 

-
W

IN
G

 
FO

RW
AR

D 
3

.0
 

s 
V

A
R

IA
8l

f 
SW

EE
P 

W
IN

G
 

-
W

IN
G

 
AF

T 
1

4
3

3
-J

4
4

L
 

CW
/W

O
) 

V
EH

IC
LE

 
W

EI
Q

fT
/M

A
X

IM
U

M
 

D
E

SI
G

N
 

W
EI

G
H

T 
C

O
R

R
ES

PO
N

D
IN

G
 

TO
 

BL
O

CK
ED

 
SE

G
M

EN
TS

. 
1

4
4

l-
l4

4
P

 
C

T
/T

l)
 

SE
G

M
EN

T 
FL

IG
4T

 
T

IM
E

/T
O

T
A

L
 

V
EH

IC
LE

 
F

L
lG

H
! 

TI
M

E 
C

O
R

R
E

SP
O

N
D

IN
G

 
TO

 
B

LO
C

K
ED

 
SE

G
M

E
N

T
S.

 

••
•E

N
O

••
• 



Section III 

FATIGUE DATA 

INTIOilJCT I (J.1 

The fatigue module, level (5,0) overlay, of SWEEP uses fatigue data to 

develop the maximum allowable stress for two points on the wing and for pres­

surized fuselage panels to satisfy vehicle service l ife. ·me endurance li mit 

of fuselage panels is also estimated. This fatigue prediction me thod is 

based on material strain. The maximt.an operating s tress calcul at ed by th is 

module is stored in the material record for use in the appropria t e synthes is 

module. This module may be operated as a stand-alone program by input of the 

fatigue data block. In the integrated SWEEP program, the module woul d be 

operated in conjunction with the GENERAL data and FATIGUE data blocks. 

Wing spectrum data for fatigue analysis is computed by the airloads module. 

The following paragraphs describe the program and user inputs. 

GENERAL IESCRIPTIO 

The fatigue module converts input ' oads -exceedance data into s tress­

occurrence tables. The stress - load relationship is determined by proport ion­

ality constants. lhe wing spectnm data consi t of gust, maneuver, taxi , and 

ground-air-ground segments. The taxi spectrum data are not considered since 

all bending moments are negative (lower cover in compression) . ·111e 1 wer cover 

spectrum stress tables are evaluated for life; stresses are systematical ly 

oodified W1til specified vehicle service life is satisfied. Stress con­

centration factor and scatter factor are also considered in anal ysi s . 

The fuselage pressure-ocrurrence data are evaluated in the same manner t o 

detennine the maxinum allowable stress. The fuselage panel mater ia l endu rance 

Limit stress is estimated for an unnotched specimen under reve rsed l oading. 

INPtn DESCRIPTI ON 

A cooiplete description of input data locations is presented in Table 9. 

All of the variables in the input lis t are in the fonn to he read by ·ub­

routine DECRD. This data block must be preceded by a deck identi fication card 

"FATirnE." The last data card must have a minus sign in column 1. The FATlQJI: 

deck setup is as follows: 
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/-
~ Var iabl e data 

~------------------------... 
r.ATIGUE 

1-

Expanded exrlanations for tho -e variables \"hich may be subject to mis-

interpretation are present ed belo\v: 

Locations 113 , 114 , and 117 specify the s attcr fa tor for th 

spectrum data . Spectrum data i gi\'~n for one ehicle lifetunc. 

In a very gross sense . ·catter factor and fa tigue could he considered 

:malogous to factor f safety :md strcn t1 1 Jcsign. In genenl rrm.:­

tice, the scatter factor is 4 . 

115, 116, and 118 specify the str.ss concen trati n fact lr. 

The stres· concentration fact or or veh.i - le :;truL·tur s vari s with 

construction and joint de: ign. ,\ rulc -o f - thunh st ress c nccntrati n 

factor of 3 \ ou ld be represent:.itive of ri\'e teJ v hicl stiucturc. ·111e 

m:entration factor at pane l splices c uld lw c ns ideral)!)' higher 

tlum th is \ 'a) uc. 

Locations 116 ,md llb3 ·pc · j fy th net I imit \dn g design h ndin g 

moment at the side of fuselage and at \\°ing synthesis ·ut l11csc 

moments are used to detennine th r lati nship hcth'ecn spectrun anJ 

design load. 
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Section IV 

LANDING GEAR DATA 

INI'ROllJCTION 

The landing gear J1Ddule, level (6,0) overlay, of SWEEP requires landing 
gear data to estimate the weight of tricycle-type landing gear. The programned 
procedure combines the effects of loads and basic geometry to detennine the 
shock strut component weights. TI1e weights of wheels, tires, and tubes may be 
input or derived from tire size. The weight of brakes may be input or estimated 
from vehicle kinetic energy. The following paragraphs describe the input data 
and methods used in this nooule. 

GENERAL DESCRIJYI'ION 

The nooule develops an inner cylinder and strut synthesis based on loads 
at four points on the strut. The method is representative for conventional 
oleo systems rather than articulated or leaf-spring-type gears. Loads for 
two-point landing, drift landing, spin-up, spring-back, braked roll, unsynmetri­
cal braking, turning, and towing conditions are derived to be in compliance 
with MIL-A-8862. 

Mathematical expressions have been progranmed for bending and torsional 
JOO<lulus of rupture as functions of b/t and material properties. An 
envelope of design bending and torsional moments is cakulate<l to detennine 
critical loads at the synthesis points. ~1aximum and minimum practical bit's 
are specified for the analysis. The optimum cross-section search is 
conducted within these limits 

Design loads at the four strut design stations may be computed with or 
without the effects of strut deflection as designated by the deflection 
indicator in the input data. A maximum of five iterations is allowed to 
determine the effects of strut deflection. Drag and side brace estimates 
are derived from geometric relationships. Weight allowance for lugs , 
axles, bearings, retract mechanisms, etc , is st ati sti ca ll y der ived. 

INPlIT DESCRIJYl'ION 

A complete description of input data locations is presented in Table 10. 
All of the variables in the input list are in the fonn to be read by subroutine 
DECRD. This data block nust be preceded by a deck identification card "LG. " 
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The last data card must have a minus sign in column l. The LG deck 
setup is as follows: 

data 

LG 

Input geometric definitions which may be subject to misinterpretation 
are shown in Figure 26. 
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...------- 49 (50) ______ ,.. 

CG~ 

T 
1'77 

51 I 
72 u 

==-~-5_3::.:::~.;..._ ____ 52--------' .... r 
--------------------------Z=O 

Fore/aft strut ang le 
(+) degrees if gear 

fwd of trunnion 
fus station 

(-) degree~ if gear 
aft of trunnion 
fus, stat ion 

t 
Lateral strut angle 

78 (-) degr :?es if gear 
positioned outboard 
of trunnion BP(Y). 

(+) degree s if gear 
inboard of BP(Y). 

~75 (-) 84 I 
~----54--------~-

-------------------------Z = O 
Figure 26. Landing gear geometry. 
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Section V 

AIR INIXOIOO SYSTEM DATA 

INTROil.JCTI 00 

The air induction system module, level (7,0) overlay, of SWEEP requires 

air induction syS'Cem data to estimate the weight of propulsion-system-orien"": P.d 

stnx:tural cooq,onents. The following paragraphs describe the input data and 

some of the program methods. 

GENERAL DESCRIPTION 

The air induction system module estimates the weights of inlet-duct 

systems, engine nDlDlts, nacelles, and pylons. The module does not estimate the 

variable-geometry inlet controllers and actuators. 

The inlet system estimating approach accowits for geometry, pressure, and 

teq>erature. Inlet pressure and teJl1)erature are determined for the vehicle 

limit speed-altitude profile. Nine points on the level-flight maxinum speed 

CVH) and limit speed (VL) are evaluated for design pressure data. Total pres­

sure is conq>uted using the isentropic conq>ressible flow P.qu~tions and the 

MIL-E-5008B pressure recovery equation or input pressure recovery ratio. 

Static pressure is calculated as a fW1Ction of total pressure and airflow; 

mach number of the air at the engine face may be input or estimated by the 

program. Transient overpressure, referred to as hanmershock, is calculated 

as a fwiction of duct total pressure. 

The program estimates weights for either fixed or movable spikes or for 

variable geometry ramps. Statistical weight estimation equations are used 

to calculate spike weights. An analytical approach is used for estimating 

two-, three-, and four-ramp variable geometry systems. The analytical approach 

uses as variables ramp delta pressure, geometry, material properties, and 

construction. The geometric descriptions of length, width, and angles are 

input; ramp angles if not input are asstune<l by the program. Actuator locations 

are asstuned for the different systems, and combined with the pressure and 

geometry data to develop individual ramp load diagrams. The ramps are then 

synthesized for either conventional stiffened construction or for honeycomb 

design. 

fucts are synthesized for sheet frame type construction. Geometry is 

input at as many as 10 duct sections. The input data is in the form of 

longitudinal and lateral coordinates, depth, width, and perimeter, or perimeter 

correction factor. Sectional geometry is generated from this data as a family 

of shapes that may be defined by straight lines and circular arcs. Strength, 

132 



deflection restraint, and fabrication mini.nuns are the variables in the 

synthesis of ducts. Frame spacing may be either fixed or variable, the 

variable frame spacing search operation is conducted between predetennined 

minimum and maximum limits. 

Nacelle structure estimates are made for external engine installations . 

only. The nacelle geometry is defined in the same manner as for the ducts. 

The current estimating procedure i s limited to accounting for local flutter 

and structural minimums. Within this scope, frame spacing compatibility with 

duct structure 1s maintained forward of the engine comprcsor face. Frame 

spacing aft of the engine is defined by the user. 

Pylons (should they exist), engine mounts, and miscellaneous <loors are 

derived by statistical weight estimation equations. 

INPlIT DESCRIPTION 

A complete description of input data locations is presented in Tabl e 11. 

All of the variables in the list are in the fonn to be read by subroutine 

DECRD. 111is data block must be preceded by a deck identification card 

"AIS." The last data card rust have a minus s • gn in collUTlll 1. The 
AIS deck setup is as follows: 

data 

AIS 

The input data are organi:cd into functi nal suhscts . l:xp lanati ons or 

these subsets and variables which may be subject to misinterpretations 
are as follows: 
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• Locations 271 through 317 specify general nacelle and air induction 
design and location data. 1bese locations are used to detennine the 
engine package coordinates, basic engine specifications, conq><>nent 
material selection, correlation factors, and program control specifica­
tions. 

• Location 281 specifies the JU.ITlber of nacelles. Internal installation 
is defined as one having the engine5 motmted within the fuselage 
structure. For this situatio~, zero wuld be input in this location, 
and locations 297 through 3L.l are left blank. External installations 
may be specified by input of 2 or 4. Odd-m.unbered external engine 
installations are not within the current program c~pabilities. 

• Location 283 specifies the inlet type. Input of 1.0 specifies a fixed 
duct with no spike or variable geometry capability. Input of 2.0 
specifies a fixed duct with a fixed spike. Input of 3.0 or 4.0 
specifies a variable-geanetry ramp system, and requires input of data 
in locations 401 through 419. Should ramp systems be specified, the 
pr,)gram deletes that portion of duct which is blanketed by the ramps. 
Input of 5.0 or 6.0 specifies translating or translating and expan · hle 
spikes, respectively. 

• Locations 311 through 313 specify the material nllllher for the ducts, 
ramps, and nacelle structure. 

• Locations 321 through 390 specify duct design and geanetry data. Should 
the duct leading edge be one-dimensional, the appropriate depth {loca­
tion 361) or width (l~cation 371) wuld be input, and zero would be 
input in location 381. Input geanetry is to be for a single duct. 

• Locations 341 through 350 specify lateral duct coordinates relative to 
the fuselage or nacelle centerline. Any positive value automatically 
signifies tw ducts within the fuselage or nacelle centerline. Should 
the situation exist where two ducts merge into a single duct, two 
synthesis cuts (locations 331 through 340), a finite distance apart, 
should be used to specify the two -duct and the single duct-sections. 

• Locations 401 through 419 specif,· ramp design and dimensional data. 
These locations are used when 3.0 or 4.0 are input in location 283 
specifying horizontal or vertical variable geometry ramp inlets. 
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• Locations 421 through 513 contains pennanent data used in the two-, 
three-, and four--raq> systems weight synthesis. These locations 
define beam positions, ramp depths, actuator locations, reaction points, 
and weight index coefficients. A pictorial description of a typi al 
three-ramp system is shown in Figure 27. 

• Locations 521 through 590 are used to specify Pacelle design and 
geanetry data. These locations are used to describe one nacelle and are 
required when a positive valve (2.0 or 4.0) is input in location 281. 

• Locations 601 through 632 are used to specify the speed-altitude profile 
data and inlet and engine airflow characteristics. 

A pictorial description of the required nacelle, duct and ranq> geometric 
data is shown in Figures 25 and 29. 
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No. 

R/2 

l actuator 9 

RI 

hTIWl&hT2W3 

w 

R/2 

Typical transverse beam 

Values calculated in program 
P(ult) = halllTlershock pressure 
Rt = fwd actuator reaction 
R2 = aft actuator reaction 

K W 
w 

RF3 = fwd hinge reaction - ramp 

RA3 = aft hinge reaction - ramp 
3 
3 

No. 2 actuator 

R 

Input values 
LI • length - ramp I 
L2 z length - ramp 2 
L3 "' length - ramp 3 
w = ramp widths 
K1 • fraction of L for 

ramp I react ion PT 
K2 = fraction of L3 for 

ramp J reaction PT 
K3 = fraction of LJ for 

ramp 3 reaction PT 

Kw = fraction of widths 
for reaction points 

KpJ = fraction of harrmer shock 
P(ult) for ramp 2 d P 

Kp2 = fraction of hammer shock 
P (u It) for ramo 2 AP 

Kp3 = fraction of harrmer shock 
P(ult) for ramp 3 .1P 

a = angle between ramp 2 
projection & ramp 3 

hLJ = fraction of L for 
ramp I depth 

hl2 = fraction of LJ for 
ramp 2 depth 

hl3 = fraction of L3 for 
ramp 3 depth 

hTI = fraction of W1, w2 , or w3 
for transverse beam d~pth s 

hT2 = fraction of W3 for 
actuator beam depth 

f = neg! igible value 

Figure 27. Three-ramp syst m. 
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X=0 

lnbd nacelle £95, 
0utbd nacelle 2~8 

l 
381-390 
Section c~ ~ 
perimeter~. !or Y ,/ 
cuts 531-540 

\ l 
561-570 

------ + --------
\ I 

I 

lnbd nacelle 294, ---... 
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Section VI 

WING, OORIZOOAL TAIL, AND VEIUICAL TAIL DATA 

IITTROOOCTION 

The wing and errpennage JOOdule of SWEEP develops structure weight and 
mass distribution estimates for wing, horizontal tail, and vertical tail 
surfaces. The procedure used is designed to analytically evaluate the e ffect . 
important to design parameters such as air vehicle design criteria, surface 
geometry and structural arrangements, materials and constructions, etc. This 
is accomplished through a close approximation design and analys is procedure 
progranmed to describe detail surface geometry properties and structural 
design requirements. These are used to synthesize structural geometries and 
material requirements so that analysis for weights and mass distributions 
can be made. 

Separate input data decks are necessary for each surface analyzed. The 
elements of each deck are identical and are explained in detail in this 
section. The discussion describes wing structure estimation procedures 
which are also applicable to empennage analysis. Special input data deck 
WIN LOADS can also be used to input design airloads data to the module. Use 
of this deck is explained in Section VIII of this volume. 

Go~ERAL DESCRIPTI~ 

The rodule consists of routines in level (8,0), (9,0), (10,0), (14,0), 
(15,0), (16,0), (17,0), and (18,0) overlays of S\\'EEP. It is executed once 
for each surface analyzed during a problem case. Design data are processed 
into component data arrays for the module in accordance ,,'i th des ign require ­
ments for surface type and analys i s control rnformation n case control 
card 2. Logic is programmed to ~ nnit module execution for each component 
analysis in stand-alone mode or i1tegrated with other S\\'EEP analysis modules . 

In the stand-alone mode , all design data arc input through the input data 
decks for the surfaces. The module is executed in con jw1ction with the input 
data processing IOOdule in SWEEP, overlay (1,0), and the output module, overlay 
0 3,0). 

In the integrated mode of operation, ana lys is data are computed hy SWEEP 
des ign data development modul es . 'The data are transmitted to the wing and 
cmpcnnage modul ,~ through mass storage f il e records to be processed and used 
in accordance to control and analysis infonnation in the input data decks fo r 
the component. 
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The wing and eq,ennage Joodule consists of major subroutine groupings 
designed to perfonn COJJ1)utational fl.Dlctions related to: 

1. Module input data processing of problems design infonnation from 
coq,onent input data decks, SWEEP data bank, and mass storage file 
records containing criteria and design infonnation developed by other 
SWEEP Joodules. 

2. Surface geometry calculation to define and locate all structural 
coffl)Onents of the surface. 

3. Surface design requirements calculations to define parameters such 
as design airloads, required flutter stiffness, material properties, 
and deadweight inertia loads. 

4. Structural synthesis of surface torque-box structures and, if 
required, pivot structures in variable-sweep wing designs. 

5. Detail weight est:mates for each element of the torque-box and sta­
tistically derived weight estimates for the other major structural 
coffl)Onents of the surface. Mass characteristics are determined for 
all structures so that estimates can be made for weight distributions, 
centroids, and inertias. 

6. MJ<lule processing of analysis results for the WPITT rodule of 
SWEEP and for output printing of pertinent data. 

All problem data for analysis control and/or input of variables to each 
of these parts can be made thr0ugh the input data deck. 1odule logic is 
progranmed so that variables input through the input data decl: supersedes 
design data stored on mass storage files. Each cofl1)onent input data array is 
initialized from data blocks of the SWEEP data bank. Except for differences 
in weight correlation factors, the initial values for each surface are identi­
cal. Material properties for metallic structure analysis are obtained from 
the material library of the data bank. Airfoil and flutter analysis constants 
for T-tail vertical tails are also obtained, as required, from data sets in 
the data bank. 

Lifting surface designs with unique configuration and physical arrange ­
ments which can be analyzed include: 

• Var:,able-s\'1eep wings for which pivot structures and effect of sweep 
position are evaluated in the loads and flutte r requirement analysi s . 

• Vertical tails in a T-Tail arrangement for ~hich horizontal tail 
effects on vertical tail design loads and flutter requirements arc 
evaluated. 
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• Nonlinear surface planfonns due to leading edge blending and cranked 
trailing edges. 

• Nonlinear torque-box cross sections due to nonlinear true aerodynamic 
chords and/or variable-thickness ratios (t/c) along the exposed span. 

• Leading and trailing edge control surface arrangements. 

These design features are described by input of specific sets of data. 
1odule analysis is controlled by input control data associa cu with the data 
set. Internal logic assumes no evaluation to be made for these features in 
the absence of the control data and associated data sets. 

The primary option for torque-box structure evaluation is the analysis 
of designs with either metallic or advanced composite materials. The default 
analysis is metallic design which is made by execution of overlays (9,0) anJ 
(10,0) in conjunction with overlays (8,0), (14,0), (15,0), (16,0), and (17,0). 
These overlays can be operated under SWEEP core requirements of 50,000-octal 
cell locations on the CDC 6600 computer. Advanced composite torque-box 
designs are analyzed by execution of overlay (18,0) instead of (9,0) and 
(10,0). This overlay, plus the other module overlays previously l i sted, must 
be operated under core requirements of 100,000-octal cells. Execution of the 
metallic or advanced canposite overlays is dictated by control information in 
columns 39 through 44 of case control card 2, and assumes that compatible 
design infonnation is provided in the appropriate locations of the input data 
deck. The advanced canposite analysis is based on evaluation of lamina 
requirements for a balanced, sym,etric laminate system, consisting of required 
plies with fibers oriented 0°, ±45°, and 90° to the direction of applied 
axial loads. 

The structural synthesis/weight analysis for botl1 metallic and advanced 
composite designs are prograJ1111ed using similar optimization and evaluation 
procedures. Synthesis and search options are proviJcd so that torque-box 
designs can be optimized or evaluated to specified structural arrangements 
and constraints. 

A special option of the wing and empennage module permit tl1e output of 
design and mass distribution data on punch cards for use as input data to the 
Flutter Optimization Program and the Flexible Loads Analysis Program. 111esc 
programs are independent stand-alone programs also developed w1der this 
contract and are described in Volumes X and XI, respect iv -·ly. Descriptions 
of input and output data for this option can he found in the discussions under 
".~1alysis Options," of this Section. 
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The program is structured to evaluate weights for up to three assumed 

gross weights during one case in the stand-alone mode. In the integrated 

mode of operation, only the second gross weight loop is executed. The three­

gross weight loop allows the user to determine weight trends for pre­

detennined vehicle weight values. Airloads are scaled by the ratios of design 

gross weights. Logic is progranmed also to develop torque-box weight trends 

in a single case by using the data set in locations 1301 through 1322 to input 

three sets of design parameter values to be used in the respective gross 

weight loops. The parameters which are specified include: 

1. Mininum and maxinum rib spacings 

2. Mininum and maxinum stringer heights 

3. Mininum and maxinum stringer spacings 

4. Nwmer of stringers 

Three constant gross weight values should be specified for this situation so 

that the gross design airloads will be the same. Although the parameter data 

set is set up for 111.lltirib designs, multispar construction can be evaluated 

by inputting appropriate data with the data set. 

Leading and trailing edge structures, tips, and external store provision 

weights are assumed to be constant for all three gross weights. Input data 

in locations 80 through 101 are used to describe the three gross weights. 

The data set in locations 159 through 174 are used to input fuel and external 

store loading requirements for the gross weights. 

Design results for gross weight No. 2 are used to develop the design and 

mass properties output data sets for the Flutter Optimizatiun Program and the 

Flexible Loads Analysis Program. 

The weiwit sumnary data output from the module include estimated data for 

all three gross weights, if analyzed. Weights for the major surface compo­

nents are tabulated, along with details for the torque-box structural elements 

and the components in the leading and trailing edges. 

Module output is printed under control of information found in columns 

3 through 38 of case control card 1. 'fhree general types of analysis results 

are printed as output data; samples of each can be found in Appendix A of 

this volwne. The first type includes analysis summaries printed at the 

conclusion of each analysis. The second type includes analysis details and 

array dumps used to supplement the summary outputs. lne third type of module 

output is inte~diate dumps of selected data during the structural synthesis 
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search for the torque-box, printed W1der control of case control card 1 and 
data locations 574 through 578 of the input data array. All module data are 
printed tmder control of one control card in each case setup; therefore, 
output from module execution for each surface analyzed will be identical. 

The major output sUJm1aries for design data computed during the various 
analysis phases of the module are listed below. Associated print control 
locations on case control card 1, necessary to order these printed outputs, 
are also included. 

• Detail torque-box weight and coefficient summaries, column 37. 

• Planfonn and cross-section geoiootry data, column 6. 

• Leading and trai:ling edge structure weight and distribution sunmaries, 
column 12. 

• Fuel distribution sunmary, column 18. 

• Flutter analysis sunmary, column 22. 

• Material properties, iootallic and advanced composites, column 19. 

• Airloads sunrnaries, colLUlll1S 19 and 20. 

• Initial 1 g inertia loads estimates, column 21. 

• Design loads and deadweight adjustment SUJTVnaries, columns 24 and 25 . 

• Design synthesis and weight distribution summaries, co~.umn 28 . 

• Total surface calculated inertia sul!l1lary, column 36. 

• Surface structure component and contents calculated mass distribution 
data arrays, ·.::olumn 38. 

t\'lAf..YSIS DESCRlPfION 

The wing and empermage module analysis treats li f t i ng surfaces as long, 
slender cantilever beams resisting shears and moments through a system of 
covers and supporting structures. The wing planform i s descrihed by a system 
of lines developed by the program from required input data. '111ese lines d s­
cribe the positions of the leading edge, trailing edge , torque box Jimi t s , 
load reference axis, and synthesis cuts. Pertinent geometric coordinates can 
be specified, as required, to describe the torque-box shape, fuel ce 11 

locations, location and geometry of control surface devices, location of 
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internal concentrated and distributed masses, and locations of externally 
mounted stores or nacelles. Idealized planfonn and box sections for fixed 
and variable-sweep wings are shown in Figures 30 and 31. The blended wing 

planfonn, shown in Figure 32, is defined with more rigorous input 
specifications. 

The analysis consists of synthesizing and evaluation of structural 
requirements at 11 analysis control stations on the exposed panel. The first 

station defines the inboard end of the surface torque-box and th outboard 
end of the center-section panel, while the eleventh station defines the 
outboard end of the torque-box and the location of the surface tip structure. 

Locations of the control stations can be specified by the user; if not 
specified, the program assumes 11 equally spaced stations. The 10 structural 
panels bounded by the analysis control stations plus the tip structure make 

up the surface outer panel. Each panel consists of torque-box structure 
fixed leading and trailing edge structures, individual control surface 
structures if applicable, structural fittings for externally mounted stores 
as required, and secondary structures. The complete surface consists of the 
outer panel, center section, and pivot structures, if applicable. 

A combination of analytical and empirical methods is used to estimate 
the torque-box weight. A three-dimensional approximation of the main box 
structure is modeled from planform geometry and airfoil parameters so that 
cover and support structure weights can be synthezised to satisfy the imposed 

constraints of vehicle criteria and design. The synthesis technique considers 

design criteria and loadings) physical geometry, material properties, types 
of construction, fabrication, and design constraints in the development of 

structural sections. 

Leading edge, tailing ei:.ge, tip, and secondary structural component 
weights are computed from program-derived geometric data, stati stical data, 
and vehicle environment data. Provisions are made in the weight evaluation 

routines for leading and trailing edge structures to process up to three 
leading edge devices and six trailing edge devices . Input data sets are 
provided for each device so that internal calculation can be made to define 

types, sizes, locations, and weight distribution surfaces for mass properties 

evaluation. Leading edge structures arc assumed to include all components 
forward of the torque-box front spar, consisting of fixed structures and 
control surface devices - slats, kruger flaps, or droop leading edge . Type 

code mmbers are used to spcci fy the device to be used with each of the 
three input data sets. Trailing edge structure are assumed to include all 

structures aft of the rear spar. 'l\vo spoiler and four flap-type devices can 
be specified through input data sets. The fourth flap-type set is processed 

as a special data set used to specify ailerons , elevators, or rudder surfaces, 

as well as flaps. Four flap configurations may be spcci fied. These are 
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Computed geometry 
function of: 

Y - pivot 
X - pivot 
6A 

Variable sweep wing geometry idealization 

Basic p 1 an form 

T~ il I D max DRS 

~~±===:========~:::::::::::::::::::J _J 
X- secti on area 

DAVE = width 

Eds= 2 . width+ DFS + DRS 

Fi gu r e 31. I uc:1 I i : cd box sect i 0 11 . 
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Section A-A 

chord 

Section B-B 

Spars not on % lines 

Figure 32. Blcn<lcd wing pl:mfonn. 
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plain, single-slotted, double-slotted and triple-slotted flaps. Each flap­
type device may be positioned anywhere along the span, with the panel leading 
edge anywhere aft of the rear spar. Spoilers may be placed forward of flap 
structures. 

The leading and trailing edge mass properties estimation procedure 
initially describes an all-fixed structure distribution surface. As control 
surface devices are identified and positioned, weight distribution surfaces 
for the devices are estimated and adjustments made to the fixed structure 
surface by appropriate deletions or reductions of ordinate values in the 
region where the devices are positioned. Weight distribution surfaces are 
identified for each component and processed individually. 

The tip is asswned to include all structures between the eleventh torque­
box structural control station and the theoretical tip station. The 0- and 
100-percent chord element lines define the fore and aft boW1daries . 
Secondary structure weights are estimated as a fraction of the total outer 
panel weight. 'lbe weight fraction value may be changed by the user. Weights 
for structural attadlffient provisions are estimated for ead1 of the seven con­
centrated mass items that may be located on the surface. The estimates are 
based on type of attach, weight of the mass item, and maxinn..nn vehicle maneuver 
load factor, N. 

z 

Inertia loads are determined at each control station by swronation of 
1 g shears and moments for structural components, contents, and concentrated 
mass i tems. Nwnerical integration methods are used for estimation of shears 
and moments from mass distribution surfaces defined for the 10 structural 
strips plus the tip. Each strip consists of leading edge, torque-box, and 
trailing edge panels which are divided into rectangular grids by equally 
spaced chordwise and spanwise lines. Grid geometry and mass distribution 
surface definitions permit evaluation of mass drnractcris tics of ead1 item 
within the panel. ·n1ese are numerically integrated to control stations 
defined on the structural reference axis to produce estimates for strip mass 
inertja, weights, and moments. Structure components, contents, and concen­
trated mass items are evaluated separately so tl1at the results can he 
processed into inertia loac.ls and mass inertia data compatible with vehicle 
loadings at flight design points. Grid size for each of the strip panel s can 
be controlled by the user with the control <lata set in locations 1143 through 
1154 of ~1e input data array. 

Design airloads, shears and moments in the structural reference system , 
nust be specified at each of the 11 structural analysis stations . ·n1e 
metallic analysis is limi tcd to evaluation of two loading conditions defining 
critical up-bending and down-bending loads . 'Inc advanced composi te analysis 
can evaluate up to 20 different loading conditions. Design loads can he 
input at each station, either through the component 1nput data deck or by use 
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of special input deck WHV LOAnS. Loads inputted through the canponent input 

data deck will always be used, even if loads data on mass ~torage records are 

available through execution of the airloads module or input through the 

WHV LOADS deck. 

Net design loads at each section are calculated by cont>ining the inertia 

effects of the torque box, leading and trailing edge fixed structures, leading 

and trailing edge devices, fuel and fuel system, internally distributed mass 

items, and externally moW1ted mass items with the gross airloads values. 

Cootrol data in the :_nput data deck locations 159 through 174 are used 

to specify wing fuel cell levels and external store status at the assumed 

design conditions. These specifications allow for computations of total 

inertia loading effects compatible with the gross airloads. The net loads are 

resolved into average cover loadings, N and spar shear flow, q, for evalua­

tion of structural material requiremen~. 

In the detennination of design loads, initial estimates are made for the 

unkn<Mn torque-box structure weights and distributions. The total weight 

value may be input or c~uted by the program as a fraction of the basic 

flight design weight. The distributed weights are replaced with computed 

values after each synthesis/weight analysis pass. Iteration logic is used to 

reduce discrepancies between assumed and calculated values. In the program­

med procedures, adjustments are made for the next weight and distribution 

sets, to accOWlt for changes in cover load intensities due to effects of 

changes in both design loads and section couple arms. Up to four iteration 

passes can be specified, using location 369 of the input data array. 

Structural stiffness requirements to prevent surface flutter are 

evaluated by a special analysis routine. A semiemperical method is used to 

estimate initial values of required torsional stiffness, GJ, at each station. 

Procedures are progranmed for analysis of fixed surfaces, variable-sweep sur­

faces, and for T-Tail verticals. The techniques used were developed for use 

in lieu of detailed flutter analysis. Analysis logic allows for bypassing the 

evaluation routines with user inputs of required stiffness requirement data 

in locations 346 through 356 of the input data array. The value in location 

251, flutter analysis control word, must be specified as 2.0 with these inputs. 

Available section stiffness reflected in the synthesized torque -box 

structure is computed and compared with required values. Thicknesses for the 

four torque-box webs - upper skin, lower skin, front spar, and rear spar -

are increased as required at sections with inadequate stiffness levels. The 

adjustment procedure is designed to process the webs in the ascending order 

of their strength gage thicknesses, making adjustments to applicable elements 

only to meet the given stiffness levels. The thickness increase and identi­

fication data for affected webs are saveJ for later processing by weight 

analysis and output print routines. 
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For metallic structures, section stiffnesses are evaluated in tenTlS of 
section J, assuming that material modules of rigidity, G, is constant. In 
the section stiffness calculations for advanced composite structures, the 
evaluation accounts for the different values of G con tr ihutcd by each 1veh. 
The value of G for each web laminate is based on the number, stiffness 
characteristics, and orientations of the constituent plies. 

~~tallic torque-box structures can be synthesized for either stiffened 
skin nultirib or plate multispar designs. The stiffened skin multirib <l~~ign 
options for riveted Z, integral Z, integral I, and rivet~d angle are shown 
in Figure 33. Plate and honeycoro cover rrultispar design options are shown 
in Figure 34. Advanced composite designs can be evaluate ! for stiffened 
skin multirib, plate multispar, and full-depth honeycomb sandwich construc­
tions. Cover stiffener configurations for multirih constructions include 
integral I, Z, r, and hat concepts . lultispar option!:> include single-plate 
or honeycomb panel covers. 

Cover synthe is for stiffened skin mul tirih cons truction is based on 
detennining practical cover geometrics that satisfy (1) stress conditions for 
strength, local stability, or general s t abili ty and (2) cons traints of 
specified minimum gages and stringer geometrics. '[he effective cover material 
resulting at any specified operating stress level during the analysis is 
distributed into skin and strin~er material. Stringer material is further 
distributed to satisfy stability and minimum gage conJitions , result i ng in 
stringer geometries of height, flange widths, and gage. An adt.le<l constraint 
in metallic designs is the minimum ratio of stringer thickness to skin thick­
ness , used to account for advers0 s tri r.ge r -skin inte rface coupling effects. 

The synthesis of metallic nu ltirih s tructures requ ires three levels of 
search. In the first level (Figure 35), st ringer spacing i • the primary 
seard1 parameter. lhc second leve l (figur e 36) involves dctenninat ion of 
opt imum operating s tress l evels for the assumed s tringer spacing . The third 
optimization level is designed to <letcnnine optimum distributions for avail­
ab le cover material base~ on as·umcd stress leve l and stringer spacing , 
values assigned by the second and first search l evels . The search is made 
on the basis of assuming scard1 parameter values for skin gages anJ 
synthesi zing stringer geometries for the s pecifi d stringer concept from 
available material. ·n1c cJ is tr ihut ion logic i • programmed to maximi zc area 
moment of inertia for the skin/stringer section, se lecting designs only 
within the specified constraints for stringer geometrics :mJ c lement min:i.Imun 
gages . 
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For a range of numbers at section 

0 

0 

0 0 
□ 

l:t Opt No. 

l:t 

Each point FCCR, tSK, 
STR geometry, 
rib spacing are 
compa t i b 1 e w i th 
design 1 imi ts 

I I 

Min Number of stringers or spars Max 

--- Search 

Figu re 35. First sea rch l eve l, multirib or multi spar cons truction. 

For a range of FC at bi = con s tant 

3 pt 2nd deg ree 

f3 

Fe 

Min at bi, 

FCX reanalyze a t 

thi s stress 

f I 

Figure 36. Second sc;,irch le c l, multirih. 
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For each search loop total cover, support structure and attachment 
requirements are detennined for asswned parameter values. The value that 
produces the minirrn..un total structure requirements i s sel ected. Resulting 
design infonnati n is then used for lower - level seard1 operations. This 
synthesis approach can be controlled to analyze cons tant spac ing or constant 
nwnber of stringer arrangements. Rib synthesis is based on spring rate 
requirements for cover column support and for induced rib loads due to cover 
flexure. 

The metallic multispar des ign option involves synthes i s of skin and cap 
material for specified spar spacing or constant number of spars . The appro.'.lch 
considers the effectiveness of intenrediate spar caps in resis ting bending 
loads. Spar webs are sized to similar conditions as rih webs , and ar ' 
assumed to be corrugated. For honeycomb cove r ons truct .ion , treng h e frcc 
of inserts at the spars and effect of panel thickness on covf•r ahi.1 i t y 
are considered . 

f'he :carch l og i c progr:rnuncd to syn t h i ::.c s trnctu rc.· ror t he cons truc ­
tion concept · Ji ·cus sed previous Ir involves the dcte nnination of min i mum 
required cove r/ s upport s truc t ure mat ri :tl neccssarr to r 's is t design loads . 
Limits on sear ch par amet e rs cons tra in he search h' ith in discrete values so 
that the config rations ro r the se lc·: t c l s rndures rc fl c ·t pr:1ctic:ll lesigns . 
User inputs can be u_· J t o control ~ arch pnr:un t cr v;ilucs and thus bias the 
sear ·h trn-:a r se l ec tions or conf igurations that :ire m 1c rep resent .'.l ti ve o r 
fina l des ig11 concepts . . h.!l tipl c options programmed a ll oh· the user the se l ect 
one of three t)'pes of sca~·ch procedures : 

.l. l~)t tmi::: atio11 ,lt L': tl.'.ll s n11: 11r:1! s :tti< ll\ 1-. itl11 111111 1 111111 111 :111,I 

m:1:imLun \ ·::ll llL'S (o r :11,pl i(,th l c SC':1rch 1,;! ·ai111.' L' l"S : 

• .• nhc r of s t ringe rs o r sp:1rs 

• H: io or s"- tn g· gc o t t :11 (O 'Cr 

• l{ i h s paci ng 

S ar ·h va lues 1·o r Ll tL'S, p:1r:unt' l'rs a r(' sp',·1 ri L'd 111 loc: tt i ns 365 
th TO 1gh 3,' i O f tilL' i npt I J:1 !" . I :11-r :1>· . 
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2. Total torque-box weight optimization search in which the search 
procedure determines the single vah.te for spacing or m.anber of 
stringer/spar elements that produces the lightest torque-box design . 
The selection is dependent on the construction and the analysis 
roode - spacing or 11l.D'llber-of-element search. Specifications for this 
type of analysis are defined by data in locations 1365 through 
1374. This analysis mode specified by the control word in location 
1365 will supersede the optimization mode discussed in item 1. 

3. Synthesis of structure to predetennintJ values of sizing parameters 
with values specified discretely at each analysis station. Para­
meter values are input through data sets in locations 721 throug!1 
808. These input values supersede the inputs of item 1, and the 
analysis mode for item 2 should not be used. 

In all cases, synthesis results reflect cover/support structure configu­
rations that are sized to strength allowables (P/A stresses), or to allowable 
stress/material distribution relationships whid1 are based on requirements 
for (1) general instability as collU11rlS or panels or (2) lo~al instability due 
to crippling or plate buckling. 

Front and rear spar webs are synthesized as stiffened plate structures 
resisting vertical shears. Actual depths of the airfoil at the spars are 
used for determination of shear loads and material volume. ~ap mat~rials 
are effective bending materials, so are assumed to vary with covert 
requirements. 

Synthesis procedures for multirib and nultispar advanced composite 
structure designs are similar to the approach used for metallic structures. 
The follaving items describe the major differences primarily due to 
assumptions made for analysis of advanced composite structures: 

1. Only longitudinal fibers (0-degree plies) resist axial loads, and 
cross fibers (±45-degree plies) resist shear loads. 

2. All plies contribute to laminate panel stability. 

3. Skin material requirements are analyzed for axial loads and panel 
stability requirements due to combined effects of inplane axial and 
shear loads. 

4. Laminates are synthesized with integer number of lamina. ~tinimum 
plate thicknesses are based on requirements for a balan ed symmetric 
system, eight lamina layers consisting of two each of 0-, +45-, 
-45-, and 90-degree plies. Thickness increases are made by 
additions of two sets of 0- or 90-degree plies, or two each f 
±45-degree plies only, or combinations of all. For honeycomb 
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panels, laminate plies are assumed to be equally divided between 
the inner and outer face sheets. 

S. Addition of ±45 -degree plies only are made to increase stiffness 
levels of panels with inadequate stahility stress allowables . 

6. Addition of ±45-degree plies only are made to torque-box webs to 
increase section stiffness to levels required to satisfy torsional 
stiffness requirements. 

7. Different stringer concepts can be specified for the upper and lower 
covers. However, the spacings or number of elements in each cover 
will remain the same. 

8. Stringer areas consist of 0-degree longitudinal plies only. The 
synthesis procedures for determining allowable stresses an<l cover 
material distributions are prograrraned to include evaluation of 
load distribution between skin and stringer elements , based on 
strain compatibility relationships. 

9. Spar/rib web synthesis includes analysis for honeycomb panel designs, 
as well as corrugated web designs. 

10. The covers are assumed to be mechanically attached to ribs and spars. 
Cover lamina are assumed to be rearranged locally along attachment 
lines to include fill er material, replacing relocated 0-degree 
lamina, for attachment hole dr illing. 

11. Lightning protection material (aluminum flame spray) is assume1.l for 
all exterior surfaces. Provisions are made for application of sealer 
films to all interior surfaces. 

In the full-depth honeycomb sandwich construction option for advan e<l 
composite structures, three optional synthesis procedures are available : 

l. Sizing skin requi rement s so that the sandwich strncture wi 11 be 
s t able for specified core typ anJ densi ties . 

2. Sizing skin laminates to strength requirement and determining 
required cor~ densitie · to satisfy s tability requirements. 

3. Sizing for optimum skin/core combinations to satisfy strength an<l 
s tability requirements . 

Front and rear spars for these designs arc analyzed with the arne procedures 
used for multi rib and mul tispar designs . Evaluation for torsional sti f fncss 
is also the same. 
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Evaluations for structural prov1s1ons for major rib bulkheads and 
chordwise splice~ are made when user input data directs analysis routines to 
estimate requirements at each station. Incremental structure weights are 
predicted by the program based on data set information in locations 650 
through 671, and 1475 through 1497 of the input data array. Root rib and 
wing-to-fuselage shear tie provisions at the first structural station are 
evaluated based on load, geanetry, and material parameters. 

Synthesis of variable -sweep wings consists of the evaluation of ideali zed 
torque-box structure, as previously discussed, and synthesis of pivot 
structure. Pivot estimates replace the idealized structure in the appropriate 
structural location. The pivot system analysis is restricted to vertical pin 
types utilizing straight Teflon-lined bearings. The program is designed so 
that the pivot estimate is optimum for the specified set of desi~1 data. 
Spanwise and chordwise locations of the pivot centerline are required input 
data, locations 200 and 201 of the input data array. 

The synthesized structural data are used in determining weight and 
weight distributions. The estimates are based on volwnetric integration of 
the optimized structural elements to which weight i ndexing fact0rs are 
applied. Weig.,t increments for unique and for local s tructural discontinui ­
ties, cutouts, doors, etc, are determined through control indicators and 
weight factors. 

Selection of proper material alloy must be made and specified to foe 
module by the user, with consideration made to the temperature and fatigue 
environment to which the material will be exposed . Consideration must al so 
be made as to the effects of exposure time at temperature on material 
allowables. Design concepts will dictate whether the select d material should 
reflect properties of type of alloy and fonn - sheet, plate, or extrusion . 
The selected material is specified in the input data set by a material code 
nwnber; i.e., in location 258 for the torque-box, and location 196 for the 
pivot lugs. Materials are selected from sequentially stornd mat rial 
property data sets in the material library of the SWEEP data bank . The 
se lected material is identified by code nwnber corre ponli ng to the data 
set in the library. The contents of th is library i s presented in Section XI 

of this volwne. 

Practical minimum gages for the se lected material shoulJ be specified 
by the user. The values used should be compatib le with fabrication require­
ments for the material and structure concepts being evaluatc<l . 
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Design te~,peratures are defined for each material selected in locations 
159 and 197, respectively. Zero values in these locations will result in 
placement of SWEEP coffl)uted teJl1)erature values for analysis. Temperature 
properties are determined by straight-line interpolation of properties 
versus teffl)erature data included in the library data set. 

Errors in material code or temperature values will result in continued 
execution after preprogramred corrective action and printing of error 
messages. For material code errors, the following message is printed: 

***MATL INPlJf ERROR. ASSUMED MATL NO. 1. "** 

"*"TORQUE-BOX MATL = XX. TEMP = YYY. Y 

Temperatures outside the range of the data set will result in one of 
the following messages: 

"**MATL TEMPERATURE ERROR. MATL NO . XX. REQD TEMP LESS TIIAN SET (1) 
TEMP OF YYY.Y DEG.*** 

*REQD TEMP= ZZZ . DEG. ASSUMED TE1P = YYY.DEG* 

***MATL TEMPERATURE ERROR. ~1ATL O. XX . REQD TEMP OlJfSIDE RANGE OF 
TEMP SETS ON FILE*** 
N TEMP SETS ON FILE- - -MIN TEMP = YYY. DEG. , 
MAX TE.~= ZZZ. DEG. 

*REQD TEMP= MA. DEG. ASSUMED TEMP= ZZZ . DEG .* 

Material properties for the advanced composite option are input through 
the input data sets, locations 1155 through 1163 and 1170 through 1204 for 
lamina properties, and locations 1164 through 1169 and 580 through 596 for 
honeycomb core foil properties. The program default materials properties are 
boron/epoxy and 2024-T4 base aluminum sheet. 1aterial changes must he made 
with data in the input data set of the component . 

. A\JALYSIS OPTIONS 

The execution of the wing and empennage module requires case control card 2 
information that is compatible with analysis requirements and variable -data 
input for each surface . Case control card 2 data in columns l through 44, 71, 
72, 75 , 76, 78, 79,and 80 affect processing of module input lata block · [UH.I 

module execution. Execution of module analysis options are affected by 
control data in the variable-data input for each surface . Setup requi rements 
for four of the major options are explained in the following paragraphs. 
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Surface Types 

Each wing and eJ11>ennage surface must be described with separate input 
data blocks. Execution of the module will occur when case control card 2 con­
tains a (0) punch in column 72 for wing, column 75 for hori~ontal tail, and 
column 76 for vertical tail. Illring data processing of case data blocks, a 
module in~t data array is set up for each compo~ent to be analyzed. The array 
is initialized from either the SWEEP data bank pennanent data sets or the module 
input data block from the previous case, based on status of column 80 of case 
control card 2. Component variable data are then read and processed into the 
array and stored on mass storage records. In any problem case, component var ­
iable data are processed only if a data deck with the appropriate deck title 
appears in the case input data set. Thus, for second and subsequent cases , 
components may be analyzed without the existance of an input data block . 

Internal module logic requires that locat ion 289 of each component input 
data array contain a code word which identifies the surface type. 

0 = Wing surface 
-1 = Horizontal tail surface 
+N = Vertical tail surface, where N = the number of vertical tail panel s 

General Data Processing Option 

Vehicle and design criteria data input through the GE~EIW.. data deck are 
processed into design data for the wing and empennage module by the data 
management and design data development modules of SWEEP . Some of the 
variable-input and calculated data are identical to the infonnation which 
is also input through component input data <leeks. These design Jata are 
set up as a separate wing and empennage module input data array. The array 
data are processed as required during module execution into the component 
input data array only if the respective variable -data array location is set 
to zero. For sore variables, the transfer is governed initially by a zero 
value in a control location assigned to the set . Data anJ control locations 
affected by module input data processing logic are as fol lows: 

• Vehicle gross weight, load factor, fuc 1, anJ u e ful load data 
locations 81, 85, 86, 87, 88, 89 , 91 , 93 , 94 , 96 , 98 , 100, and 
1280. Control word in location 88 . 

• Surface -type code in location 289 only for vertical tail · . S t t o 
zero or wing. 
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• Planfonn geometry parameters in locations 240 through 249 are 
processed only if location 240 is zero. The value in location 138, 
planfonn sweep reference chord element line, is replaced if location 
242 is zero. 

• Surface positioning data in locations 175, 177, and 178 are always 
set to zero, and the value in 176 is always set to the transfer value. 
This value cannot be input. 

• Load reference line location in location 239 . 

• Torque-box analysis control stations, locations 865 through 875, are 
replaced if location 865 is zero . The code value in location 864 is then I 

set to 2.0. 

• Inertia deadweight control word in location 110 is always set to 
zero for vertical tails, to 1. 0 for wing, and is not examined for 
horizont'.11 tail. 

• Torque-box design temperature in location 259. 

• Pivot design material, 
197, are examined only 
locator, is not zero. 
and 259 if zero values 

location 196, and design temperature, location 
for wings and if location 200, pivot spanwise 
Locations 196 and 197 are set to values in 258 
are input. 

• Pivot design data, locations 200, 201, 202, 203 , 197, and 199, are 
examined and transferred for wing designs only after initial t ests 
for material and temperature. 

• Conventional fixed surface flutter Q and material G, locations 253 
and 254, and flutter design temperature for advanced composite 
analysis, location 282 . 

• Variable-sweep wing flutter data for aft wing pos1t1on; locations 
320, 321, 322, and 323, controlled by value in location 320. 

• T-tail vertical tail flutter data, locations 310, 335, 337, 338, 3-9, 
358, 359, and 360, based on control word in location 357, T-Tail 
analysis for vertical tail flutter. Locations 310, 357, 358, and 359 
are set to zero for wing and horizontal tail. 

• T-tail code word for horizontal tail inertia calculations for vertical 
tail flutter analysis in location 204. ·111is i tern is processed Juring 
horizont 1 tail execution only and is set to zero for ve rtical tai1 
and wing. 
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• Fuel cAll data, locations 206 through 219. All cell data are processed 
only if the input fuel density for each cell is zero , locations 208 
and 215. 

• Miscellaneous surface content weight to be distributed Wlifonnly on 
the torque-box planfonn for inertia calculations, location 1820. 

• Surface contents to be approximated with a spanwise line distribution 
for inertia calculations, locations 1821 through 1827. If the weight 
location 1821 and the outboard point of the distribution line, 182~, 
are zero, then the data set infonnation is changed to reflect 
calculated weight di~tribution along the structural analysis reference 
line between control station 1 and the tip. 

• E.·ternal concentrated mass items to be located on the wing, seven 
data sets, 12 items each in locations 1855 through 1938. Each of 
the seven items is assigned to specific mass components, and tran -
fer of data is made only if the spanwise location parameter (the 
second data item in each set) is zero. Items 1 through 4 are for 
external stores, i terns S and 6 are for wing-moW1ted nacelles and 
contents, and item 7 is for wing-moW1ted landing gear structures. 
Calculated inertia da:3 (pitch, roll, and yaw) are available for 
transfer only for the nacelles. lnerefore,required data must be 
input for the other mass items for module estimates of inertias. If 
data for inertia calculations are not input (i terns 6 through 11 for 
each data set), the transferred weight (item 1 of the data set) is 
set to a negative value to indicate that structural provisions only 
are to be calculated for that set. 'The longitu<linal location for 
each mass (item 3) is transfe rred as fuselage station values; thus 
the spanwise location parameter value (item 2) is set to a negative 
value to indicate fuselage station values. 

Torque-Box Design Option 

For ead1 surface, the metallic or advance<l composite structure synthesis 
routines are executed in accordance to the value, (00) and (01), respectively, 
punched in columns 39 through 44 of case control card 2; 39 alid 40 for 
wing, 41 and 42 for horizontal tail, and 43 anci 44 for vertical tail. 
Torque-box construction is specified 1vi th code ·.nfonnation in locations 361 
and 461 for metallic structures . Advanced composite construct ion infonna-
tion is specified by code in locations 430 through 438 . 
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Design Data Generation Option for the Flutter Optimization and Flexible 
Loads Analysis Programs 

Design data for the stand-alone Flexible Loads Analysis and Flutter 

Optimization Programs can be calculated and punched on data cards for use 

as input data sets for these programs. Calculations for these options are 

based on code infonnation in location 271. Output of calculated data is 

governed by the code in location 280. Related data are input through data 

sets in locations 272 through 279 and 290 through 309. 

The computational procedures, assumptions, and output design information 

are described in the following paragraphs. 

Each program requires data which are evaluated at predetermined control 

stations and referenced to one of the bvo basic lifting surfaces coordinate 

reference systems. Data describing the mass characteristics for all items 

contained in the mold line of the exposed wing are processed as distributed 

masses, 10 equal width aerodynamic strips for the Flexible Loads Analysis 

Program (Figure 37), and 11 structural system strips for the Flutter Optimi­

zation Program (Figure 38). 

Mass properties data nust also be evaluated separately for each program 

since the flutter design point and vehicle design loading may not be the same 

as for the critical design loads condition. Furthermore, the critical design 

point and vehicle loading resulting from the flexible loads analysis may also 

be different from that resulting from the rigid loads analysis. Thus, mass 

properties of wing fuel and externally mounted expendable items are evaluated 

individually for each program, based on user specifications defined in 

locations 272 through 279. Mass properties swmiation logic in each system 

is designed to compute for output the total mass distribution for a specified 

vehicle loading condition. Remaining wing fuel for the output design data 

is determined from a fuel usage schedule array in the input data set. 

Separate data sets are provided to define fuel s tatus for flexible loads 

design loading and flutter design loading. Estimated full-capacity fuel mass 

properties data for each fuel cen are scaled to the <lesired fuel level. 

Provisions are made to process two sets of externally mounted concen­

trated mass items so that effects of store/external fuel configurations can 

be evaluated by the flexible loads and flutter optimi zation programs. Loau·ng 

status schedule similar to ci1at for fuel usage is provided. 

During the structural synthesis/weight analysis of lifting surfaces, 

geometry, design loads, and structural design requirements are evaluate<l 

at 11 control stations. Torque-hex s tructures arc synthesize<l at these 

stations. Unit spanwise weights are determined, then es timated we ights arc 
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calculated by integration between these stations. Bending stiffness, EI, and 
torsional stiffness, GJ, are computed from the synthesis data at each station. 
These synthesized data provide the necessary distribution data for computing 
the required data for the flutter optimization and flexible loads analysis 
programs. 

Output Data for Flexible Loads Analysis Program 

Two sets of reference systems are used for the developrrent of data 
necessary for the flexible loads analysis program. Mas,; properties data are 
evaluated for 10 exposed wing panel strips with boundaries defined by 11 
equally spaced aerodynamic cuts (Figure 37). Integration of the weight 
distribution surface is based on aerodynamic reference system coordinates. 
Total panel mass and chordwise centroids are sunmed to mass distribution 
control stations at panel midpoints on the structural reference axis. The 
strip mass centroid is then ordered for output as the chord distance from 
the centroid to the leading edge at the mass control station. 

Concentrated mass items ate included as part of distributed strip data. 
Location of each concentrated mass item (up to seven items may be described 
in the input data set) is determined relative to the mass integration control 
stations. The mass items are assvmed to affect the two control stations 
that straddle ti1e mass coordinate point on the reference axis; thus, these 
weights are be~d to the statior.s, using simple beam statics equations for 
detennining reactions. Mass items which are adjusted for design condition 
status are adjusted before processing to the proper strip control stations. 

Structural stiffness data, EI and GJ, are based on analysis control 
stations resulting from the structural synthesis/weight analysis. Structural 
station values and the EI and GJ estimates r~sulting from the torque-box 
synthesis are processed into 12 control station sets for output. A control 
stations is added between anal:rsis control stations 1 and 2 to provide EI 
and GJ values close to the root station to allo.v the curve fit/ curve 
evaluation preocedure of the Flexible Loads Analysis Program to properly 
approximate inboard spanwise stiffness distributions . The added station is 
at a station increment based on the smaller of the two values: (1) one - fourth 
of the distance between analysis stations 1 and 2, an<l (2) one -tenth of 
the distance between station 1 and the centerline , along tl,e structural 
reference axis. 

Two data decks are output for the Flexible Loads Analysis Program, with 
all punched data fonnatted for read b subprogram DECRD. ·111e first Jata 
set consists of BC array data calculated by the data management module of 
SWEEP for use by the airloads module. The Flexible Loads Analysis Program 
uses the same data array. BC array definitions can be foW1d in Voll..DT\e _J, 
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"Program Integration and Data Management Mxlule." The second data set includes 
calculated design and mass properties ordered for read into the BF array 
of the program. The last card in each deck contains a minus punch in colwnn 1 
to denote end of deck and is addressed to an array location not used to 
describe variable data. Data deck punch can be suppressed by code informa­
tion in location 280. Execution of the data generation option automatically 
results in printing of card image data (Figures 39 and 40). 

Deck identification and card sequencing infonnation are pund1ed in 
columns 73 through 80 on all output data cards . Definitions for data card 
sequencing information are as follows: 

Column 

73 
74-76 

77 

78-80 

The integer "2" for SWEEP option 
Current case wnber 
The letter "C" for BC array data, 
and "F' for BF array data 
Array location of the first field data 

Data items in BC array locatioilS 1 through 169 are punch on the first 
34 cards of the C - deck. The last card is addressed to array location 170, 
with data value of 0.0 punched in the first field. 

The BF array iata in the second data deck consists of values for array 
locations 1 throug:1 106, punched on 23 data cards, plus a deck termination 
, rd addressed to , rray location 107. Data i terns for the BF array deck are 

as follows: 

BF Loe 

1 

2 

3 

4 

Data Item 

Mach mimer at 20 ,000 feet altitude, fixed wings, and 
aft sweep position for variable-sweep wings 

Srure as 1, except for wings foniar<l for variable-sweep 
wings 

Sweep of the structural refe rence line (EA) for fixed 
wings and wings aft position for variable-sweep wings 
(degrees) 

Centerline fuselage station for the structurnl reference 
line for 3. 
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BF Loe 

5-14 

15-24 

25 

26 

27-36 

37-46 

47-66 

67-86 

87 -106 

Data Item 

Strip mass weights for 3 (poW1ds per strip) 

Strip centroid data for the preceding strip mass (in·h s) 

Same as 3, except for wings forward for variable -sweep 
wings 

Same as 4, except for wings fonvard for variable-s\veep 
wings 

Same as 5-14, except for wings fonvard for variable­
sweep wings 

Same as 15-24, except for wings fonvard for variahle­
sweep wings 

Stations on the structural reference axis for the 
cor.;:rol stations where EI and GJ values are given (inches) 

EI values for stations defined in 47-66 (poW1d-inches 
squared) 

GJ values for stations defined in 47 -66 (poW1d-inches 
squared) 

UJtput Data for Flutter Optimization Program 

·n1e reference coordinate system for flutte r opt1m1 zation analysis is the 
same as the structural reference coorJinat e system. 11 mass properties and 
structural design data are computeJ for strips nonnal to, and at stations on, 
the sparnvise reference axis, YA. ·111e structural analysis control s tations 
are used as control stations for the flutter optimiza tion analys is, and 
computed data are order din array fonnat required by that program. 
Figure 38 shows the control numbe ring used for dc tcnnining the data requi rc­
mcnts. ·n1irteen flutter optimi za tion control stat ions are nonnal ly crcatcJ, 

11 for s trip data plus an inboard and an outboard control station rcqui r ed 
by the flutter program. Two adJi tional control s tat ions may be addcJ for 
a maxirrum of 15 stations. These added tations are created for each of two 
extEmally mow1ted masses on the \ ing at the flutter Jesign condition, if 
these masses are specified in the input data set for analysis. 
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Presence of add-mass items require that control station nunvers for 
stations outboard of the mass be increased by one, and associated data 
processed to confonn to the revised station nunvers. Thus, for the inserted 
sketch in Figure 38, the initial control stations 9-12 are assigned control 
station nurrbers 10-13, and the station at the add-mass coordinate on the 
reference axis is assigned station nunver 9. 

Twc sets of add-mass data are prepared for output for flutter analysi s , 
based on data subset specifications in the input data set describing these 
masses. Elements of a matrix des : ribing the mass are detennined and 
included as special data sets for output, along with associated st iffness , 
geometry,and required control indicators. These adjustments are made 
by subroutine WVFDD so that design data are ordered properly for compatibility 
with the control stations and the data read routine of the flutter program. 

Concentrated mass i terns which are not processed as add-mass i terns for 
the Flutter Optimization Program are integrated with the mass properties 
of the stri p in which ·che mass Y coordinate intersects the structural 
reference axis (same as shown for the add-mass item in Figure 38). 

Mass properties data for distributed masses are detennined for 11 strips . 
The strips are associated with the 11 weight analysis stations and are 
bounded by the structural statior~ at the centroids of the 10 trapezoidal 
panels occurring between the 11 Jnalysis statiorL~ . The mass distribution 
surface is integrated between these boundaries to the control stations based 
on structural reference system coorJinates. Strip mass, mass centroid 
distance from the reference axis, and pitch and roll inertias about the 
mass centroid (structural reference system) are computed for each strip 
and ordered for output. 

Other data ordered for output include: 

1. EI and GJ at the control stations (pound-inches squared) 

2. Structural box width and average depth (inches) 

3. Aerodynamic wing chord at the control s t at i on (inches) 

4. Incremental structural span distance to the next outboard control 
station (inches) 

5. Change in the sweep of the reference axis at the control s t at i on, 
i any (degrees) 

6. ~ode control indicators for ead1 control s t at i on 
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7. Distance from the control station to the local aerodynamic center 
of pressure, asswned to be at the 25-percent chord line (inches) 

8. Local slope of the lift curve, assumed to have the value equal to 
2w cos (hzsc), per radian 

EI and GJ values at add-mass stations created from the input data set speci ­
fications are based on a three-point parabolic fit/interpolation procedure. 
Torque-box geometry at these stations is based on straight-line interpolation 
for width and depth. 

General configuration-oriented design data are also required for output. 
These data can be specified in the input data set for inclusion in th output 
data set or, if the data ce] 1 is set to zero, the program will use internally 
generated data for output. These include: 

1. E, modulus of elasticity for the torque-box material (psi) 

2. G, 100dulus of rigidity for the torque-box material (psi) 

3. p, density of the torque-box material (lb/cu in.) 

4. Density of air at the critical flutter speed and altitude for which 
tl1e output data set is being created. This critical point, in 
general, is assumed to be at maxinum limit speed, VL, at sea level. 
The value of the critical flutter speed is detennined by applying 
a factor of safety to this speed - 1.15 for military designs and 
1. 20 for co1111rercial design (lb/cu in.). 

5. Buttock line station of the root station (inches) 

6. Required flutter speed (defined by item 4) (knots) 

7. Vehicle less wing and contents mass properties data: 

a. lveight (poW1ds/side) 

b. Distance to the mass centroid of item a. from the fuselage 
station of the root control s t at ion (inches) positive if the 
mass is aft of the root station 

c. Pitch moment of inertia of a. about the mass c ntroid (pounl ­
inches squared) 

cl. Roll moment of inertia of a. about tJ,e vehicle centerl i.nc 
(pound-inches squared) 
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Data for the Flutter Optimization Program nust be included on 12 types 
of data cards read wider control of fonnat read statements. These cuds, 
therefore, nust be ordered in proper sequence for this program. Pur.ch i ng of 
data deck can be suppressed by code infonnation in location 280. E:~ecution 
of the data generation option automatically results in output printing of 
calculated data in card image fonnat (Figure 41). 

The data cards punched for the flutter optimization program are sequenced 
in columns 73-80, with the following sequencing infonnation: 

Column 

73 

74-76 

77-78 

79-80 

Punch 

The integer "2" for SWEEP option 

Current case number 

Flutter Optimization Program card type 
(2, 4-8, 11, or 12) 

Card sequence number, s tar~.ing with 1 

Flutter Optimization Program card types 1, 3, 9, and 10 are not included 
in the punched output data set. These data cards must be prepared by the user 
and included with the punched data deck. They include case title identifica­
tions (card type 1), analysis and program control infonnation (card type 3), 
and root flexibility and stiffness insertion infonnation (card types 9 anJ 10). 

The pund1ed data deck includes the follaving card types, with design 
data and punched data fonnat as specified: 

Card Type Fonnat 

2 SE12.8 

4 6El2.8 

Data List 

1. E , modulus of elasticity 

2. G, modulus of rigidity 

3. la t eri al density 

4. Density of air 

s. Require I flutter speeJ 

1. Blank 

2. Weight less wing an,! cc.-,cents 

3. L>elta CG (from preceding w ight 
centroid to root station) 
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Card Type Fonnat Data List 

4. Pitch inertia for preceding weight 

5 6El2 .8 1. Root station buttock station 

2. Roll inertia for preceding weight 

6 6El2 .8 1. Strip panel weight 

2. Strip roll inertia 

3. Strip pitd1 inertia 

4. Stri mass centroid distance from 
strip control s tation 

s. Density of structural material of 
strip, if different from data on 
card type 2 

7-1 112 1. Control station at which to insert 
add-mass data that follow (3 by 3 
matrix) 

SE12.8 2. 1, 1 element of add-mass matrix 

3. 2' 1 element of add-mass matrL 

4. 3 , 1 elemen~ of add-mass matrix 

s. 1, 2 element of add-mass matrix 

6. 2, ,, elc11•ent of add-mass matrix ,_ 

7-2 4El2.8 l. 3, 2 element of adJ-mas matrix 

,, 1, 3 element of add-mass matrix -· 
3. 2' 3 el ement of add-mass mntrix 

5. 3, 3 element of add -mass matrix 
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Card Type Fonnat Data List 

8 4F6.2 1. Structural box depth 

2. Distance ·to next rutboard station 

3. Structural box width 

4. Change in sweep angle of EA, with 
respect to previrus station sweep 
angle 

4E12.8 5. Structural box EI 

6. Structural box GJ 

7 Modulus of elasticity , if changed 

8. Modulus of rigitidy, if changed 

11 4112 1. First inboard boundary control station 

2. Second inboard boundary control 
station 

3. First outboard boundary control 
station 

4. Second outboard boundary control 
station 

12 6E12.8 1. Aerodynamic chord at control station 

2. Distance fr001 EA to AC at control station 

(positive for AC aft of EA) 

3. Local slope of lift curve dCi /da) 
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DESIGN FEAWRES 

Data requirements and descriptions for analysis of surface design 
features and program analysis options are described in the following para­
graphs. Data array locations for data sets and control infonnation are 
defined. Refer to the input data array list definitions for further descrip­
tions of data sets, control words and data locations discussed. 

Surface Geometry 

The basis for input geometric descriptions and module calculations of 
surface geometry data is a system of straight lines apF ,oximating planform 
and cross-section characteristics. General reference 1 ·.nes are computed to 
describe theoretical trapezoidal planform properties from standard aerodynam­
ic geometry parameters of lifting surfaces; i.e., area, aspect ratio, t aper 
ratio, sweep, and thickness ratio. Des:riptive details are speci fied in 
tenns of either actual dimensions in inches or fractional values of 
trapezoidal parameters. Locations 240 through 249 are used to describe 
the basic geometry of the surface (Figure 42). Detail surface character­
istics are described through data sets assigned to input specific types of 
geometry information, as described follows: 

Nonlinear Planforms 

Blended leading edge and cranked trailing edge planforms are described 
with data sets in locations 1985 through 2007 and 2008 through 2030, 
respectively (Figure 43). The data set control word is item 12 of each set. 
The input information is used to describe local delta chords from the 
trapezoidal leading and trailing edge lines at up to 11 spanwise points. 
Interpolations of straight lines between adjacent points are used in 
computations of true aerodynamic chords. 

Cross Sections 

Depths at chordwise locations of airfoils at any spanwise station are 
computed as functions of the maximLDn airfoil depths at that station. Values 
for the refere~ce depth are evaluated as functions of the spanwise location 
and assuming linear depth variations between spanwise control stations; the 
maximLDn depths at the control stations are derived as the product of the true 
aerodynamic chord and the specified thickness ratio as that station. Thus, 
cross-sections of lifting surfaces are described by values defining surface 
maximum depths and airfoil type at discrete spanwise locations. One of two 
data sets can be used for these specifi cations. 
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The first data set, locations 243, 245, 141 and 142, is required input 
used to specify linear variations in airfoil maxim..un depths between two 
spanwise stations, generally the centerline and the theoretical tip. 
Locations 243 and 245 are thickness ~atio values to be used at the spanwise 
station defined in locations 141 and 142, respectively. If the station 
values of 141 and/or 142 locate control stations at intennediate spanwise 
locations, additional control data for the centerline and/or tip station is 
generated. The maxinurn depths of these stations are hased on the thickness 
ratio specified in locations 243 and 245, respectively (assumes constant 
thickness ratio betweci1 these created control station and the adjacent input 
control station). 

The second data set, locations 2031 through 2052, is used to specify 
airfoi depth and control stations at up to 11 spanwise locations. This data 
set is used to describe planfonns with nonlinear spanwise thickness ratio 
distributions and for closer depth definitions for planfonns with blended 
leading edges and/or cranked trailing edges. Processing of data set 
infonnation is specified by a nonzero value in item 2 of the data set. 
IAlring detail evaluation of cross sections, specifications from this data 
set are used in lieu of data input through the first data set. 

Depths at chordwise locations on airfoils are calculated based on code 
word value in location 143. The code value indicated to the geometry routines 
the evaluation procedure and data sets t~ be used: (1) evaluation based on 
curve fit equations of airfoil depths, or (2) evaluation based on straight­
line interpolation of nonnalized depth versus chordwise location table data. 

Value of 1 through 8 will result in data set selection of polynominal 
constants for airfoil depths from ·he SWEEP data bank (locations 1 through 99 
of the airfoil data array). This O?tion will result in constant airfoil 
shapes for all spanwise stations, a; represented by the code. Code values 
and co 1·responding airfoil shapes ar•~ as follcMs: 

1 = 6300 -series airfoil 

2 = 6400-series airfoil 

3 = 6500-series airfoil 

4 = 6600-series airfoil 

5 = Wedge airfoil 

6 • Arc airfoil 

7 and 8 are not used 
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Code value of 9 specified in location 143 identifies the straight-line 
interpolation option. Data in locations 145 through 152 are required. This 
su set provides the option of specifying airfoil shapes at up to four 
spanwise control stations, locations 145 through 148. Airfoil shapes to be 
used are identified by code in locations 149 through 152. These code values 
correspond to the numerical airfoil depth tables found in locations 150 
through 399 of the SWEEP data bank airfoil data array. 

Torque-Box Description 

Torque-box planfonn geometry infonnation is specified in locations 125 
through 129, 135, 136, 137, and 139. Locations 125 through 129, 135, 136, and 
137 are used to describe front spar, rear spar, and structural analysis 
reference line locations on the surface planfonn (Figure 42). Torque-box 
reference lines not on constant chord elemen~ lines can be positioned properly 
by using the inboard/outboard control station specifications in this data set. 
Location 139 is used to specify the spanwise location of the outboard closeout 
rib. This value is used when (1) the geometry routine is directed to compute 
equally spaced structural analysis control station data, or (2) fractional 
values are specifieu for station positioning in data array locations 865 
through 875, under control of torque-box geometry control word in location 
864. 

Detail torque-box geometry can be input by using the data set in 
location~ 864 thrcugh 919 (Figure 44). Processing of input data· is dictated 
by the code value of location 864. This data set is organized into 11-element 
subsets for input of structural analysis station locations, torque-box 
structural widths and average depths, front spar depths, and rear spar depths. 

In surfaces where flutter requirements are calculated by the module , 
location 340 must contain the tl1eoretical trapezoidal surface area value 
when options for blended leading edge, cranked trailing edge, or variable ­
tl1ickness ratio descriptions are used, or when input torque-ho · depths 
describe nonlinear variations between the exposed root chord and the eleventh 
station. The area V3lue in location 340 directs the geometry evaluation 
routine to compute station chord and depth data for flutter analysis based 
on trapezoidal pi·operties, in accordance with derivation assumptions for the 
estimation equations. 

Values for l ocations 341 through 345 may also be input. Location 340 
causes the geometry routine to examine these locations for nonzero parameter 
values to be used in lieu of data in locations 241 through 246. 111e data 
set in 340 through 345 may be used also to specify adjusted planfonn geometry 
parameters for flutter analysis, particularly location 343, used to compute 
the exposed panel length for flutter requirement estimates. 

196 



If Y(S) input 
for 865-875, 
then 876-919 
must be input 

I 

EA 

FS depth 898-908 ---

L 
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\ 
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-T 
887-897 Average 

~;------.. 

876-886 

---- SOB 

If BP(Y) inpu t 
fo r 865-875, then 
program wi 11 
calculate 
box geometry 

T 
depth 909-919 RS depth 

_j_ 

FS Structural width RS 

Section A-A 

Figure 44. Wing synthes is cut s an<l box geometry. 
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Surface ConfiE:l:'ration 

Variable-Sweep Wing Designs 

Data for variable sweep wing pivot analysis are input in locations 195 

through 203 (Figure 45), with location 200 as the control data for roodule 

execution. Columns 3 and 4 of case control ·ard 2 ITl.lSt contain control 

code value of (01) for SWEEP evaluation of pertinent airloads a1 t flutter 

design data. Flutt er requirement evaluation by the wing and empennage module 

consists of detennining the envelope of stiffness requirements between the 

flutter design points for forward and aft wing sweep positions. Flutter 

analysis control word, location 251, must be specified with the proper value 

by the user. Required data nust be available in locations 252, 253,and 

254 for the forward position, and locations 320 through 324 for the aft 

sweep position. The geometry routines of the module computes the necessary 

geometric parameters for flutter analysis of the wing in the aft sweep 

position. 

T-Tail FJnpennage Designs 

Empennage configuration is indicated to SWEEP through code information 

in columns 5 and 6 of case control card 2; T-Tail code is (01). This code 

will cause proper evaluation of airload and flutter analy~is data for the 

wing and empennage module evaluation of the vertical tail. Input data for 

the vertical tail nust contain additional information fo:: module analysis 

of T-Tail vertical tail flutter requirements. These are input in locations 

310, 335 through 339, and 357 through 360, with location 357 as the analysis 

control word for T-tail evaluation, and location 251 as the general flutter 

evaluation control word. Data in locations 252, 253, and 254 must be avail­

able, since the flutter analysis is based on envelope requirements for the 

vertical tail evaluated as a conventional surface and as a T-tail vertical. 

The T-Tail vertical analysis requires estimates for horizontal tail yaw 

inertia. One of two methods may be used to provide he proper values for 

analysis . ~1ethod one is to specify the value ti1rough input data location 

360. The second method is to execute the horizontal tail so that the 

calculated yaw inertia value will be available for the vertical tail analysis. 

This option will be executed if location 205 of the horizontal tail input 

data array is specified as 1.0, and location 360 of the vertical tail input 

data array is set to zero. 
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Leading and Trailing Edge Structures 

Fixed leading and trailing edge estimates are made from data sets in 
locations 1205 through 1234 and 1235 through 1279, respectively, organized 
into separate subsets for wing, horizontal tail, an<l vertical tail data. The 
first item for each subset, input unit weight, is the control location to 
indicate use of the input value or if the value is zero, to estimate the 
weights based on data found in the other locations. 

Input data sets for leading edge control surface device descriptions are 
in data array locations 1500 through 1575. Locations 1500 through 1529 are 
used to specify device type and position of three devices (Figures 46 and 47). 
The c ntrol word for existance of a leading edge device is item 1 for each 
device. Program estimates for the specified dev·ce are made based on input 
geometry and statistical constants if zero is specified in the input unit 
weight location, item 9. Weight estimation constants for the three different 
types of leading edge devices that can be analyzed are in 1530 through 1575. 

Trailing edge control surface device data sets are in data array 
locations 1580 through 1819, consisting of subsets for device type and 
location specifications, weight estimation constants, and weight distribution 
constants. Spoiler types are defined in locations 1580 through 1609 
(Figure 48), with item 1 as the control word for evaluation, and item 8 as the 
control word for statistical weight estimation . Locations 1610 throu~h 1729 
are organized into six subsets of 20 items each for specifying the flap-type 
devices (Figures 48 and 49). Subsets 1-4 are used for wing analysis; the first 
three for flaps , and the fourth set to be used to identify ailerons or flaps. 
Elevator;; for horizontal tails are defined with the fifth set. The sixth set 
is used for vertical tail rudder descriptions. Item 2 of each set is used as 
the control location to identify existance of a I,; ice . Item 19 is the input 
w1it weight location which determines if program statistical estimates are to 
be made. Weight estimation constants for all device types are in 1730 
through 1794. Locations 1795 through 1819 contain constants for breakdown of 
flap-type weights into panel and support compon nts and for estimates of 
chordwise distributions of support weights. 

Miscellaneous Structure and Dcaclw ight 1ass J terns 

Secondary Structure 

Estimated weights for secondary structural prov1s1ons, fillets, exterior 
finish, doors, etc , arc asstuncd to be a fra ·tjonal amount of the cstimat d 
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LE (trapezoid wing) 
--------------------- BP(Y) • 0 

See figure 47 
for chordwi sc 
descriptions of 
input data 

Device can 
have from one 
to three segments. 
Use 150l+ION for 
number of segments 

1502+10N ,N•0,2 

1503+10N ,N • 0,2 

Fi gurc 46. I.cad i ng edge dC'v ice p I.an r 01111. 
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Slat type 

lnbd 1504 _J 
.._ ____ outbd l 505 

LE 

lnbd 1504, 
~-- lnbd 1506, 

outbd 1505, 

TE of slat 

Kruger type 

LE outbd 1507 Host aft edge of Kruger flap 

lnbd 1504, - I 
lnbd 1506, ___., 
outbd 1505, 

LE outbd 1507 

axis Droop nose type 

1514-1517 and 1524-1527 use same 
descriptions as above for devices 
two and three. 

Figure 47. Leading edge device cross sections. 
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LE 

lnbd 1624 + 201, 
outbd 1625 + 201 

I nbd 16 I 4 + 
201, 

outbd 1615 + 
201 Pt 

lnbd 1620 + 
201, 

outbd 1621 + 
201 

lnbd 1616 + 201,1 
Pt 6 outbd 1617 + 201 

Pt 2 

lnbd 1626 + 201, lnbd l618 + Pt 5 
201, 

p ,. 

..,_ _______ outbd 1619 + 
outbd 1627 + 201 J 

.._ ________ 2_0_1 _____ lnbd 1622 + 201, 
outbd 1623 + 201 

Pt 7 Pt 3 

Section B-B 
Wing flaps 
Wing ai 1eron 
Horiz tall elevator 
Vert tail rudder 

Suggested inputs for different type devices: 

Triple-slotted flap - data for all seven pt required. 
Double-slotted flap - delete requirements for panel 3; 

1620 - 1623 all equal zero. 
Single-slotted flap & simple flap - pt 2, 3, 4 & 5 

set to zero; 1616-1623 all equal zero. 
Aileron - pt 2, 3, 4 & 5 set to zero; 1676-1683 all 

equal zero. 
Elevator - pt 2, 3, 4 & 5 set to zero; 1696-1703 all 

equal zero. 
Rudder - pt 2, 3, 4 & 5 set to zero; 1716-1723 all 

equal zero. Also, set 1724 equal to 1726 
and 1725 equal to 1727. 

Figure 49. Trailing edge device cross sections. 
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outer panel weight. Location 603 contains the weight factor value used to 
compute this weight. The spanwise distribution is assl.Dlled to be proportional 
to the torque-box weight distribution. 

Tip Structure 

Tip panel weights for the surface are estimated if the value in <lata 
array location 139 is less than 1.0. The data set in locations 1955 through 
1969 is used in the statistical es timation. 

Internal Fuel 

Internal fuel and fuel system descriptions are defined by data in locations 
206 through 219 (Figure 43). Two fuel cells can be located within the torque ­
box. Full-capacity fuel cell mass distributions are estimated first and scaled 
into required design level values for airload and inertia calculations. Data in 
locations 89 through 97 and 159 through 166 are used to detennine fuel cell 
content inertia data for net design loads calculations. Data in locations 272 
and 273 ar used to specify fuel cell loads for computations of mass dis­
tribution data for the Flexible Loads Analysis Program. Locations 276 and 277 
are used for Flutter Optimization Program data calculations. 

External Concentrated Mass Items 

Seven external concentrated masses can be described through data array 
locations 1855 through 1938. Twelve locations are used for mass item 
(Figure 50). The first four locations are weight and location data, the 
other eight are used for mass inertia calculations, if required. The mass 
weight data are used as the control word for each set. Mass items 1 and 2, 
locations 1855 through 1378 , define the masses to be treated as expendable 
items. Inertia load effects for computations of net design ai r loads arc 
controlled by data in locations 98 through l0L and 167 through L74 . Inert ia 
effects for mass data calculations for the Flexible Loads Analysis Program 
and the Flutter Optimization Program are controllcJ 1vith data in locations 74 
and 275, and 278 and 279 , respectively. 

~lisce llaneous Internal Contents 

Internal mass items other than str.ucturc, fuel, an<l ruel sys t em· arc 
described in locations 1 20 through 1854 (Figur 51) . .1.'.:l ss data <lcscrihcJ by 
this data set is used for inertia loads and mass inertia calculation . 'l11rec 
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1861++121, 
l• 0,6 

! 

T 

\ ,-------------.~-----BP(Y) • 0 

i--soe 

l 856 + 121 , I • O, 6 

- WRP . 
1858 + 121, 
1• 0,6 

l - -

L_ 1863 + 121,___J r l•0,6 ., 

f 
1865 + 121 , 
l• 0,6 

! 

Figure SO. Exte rnally mounted weights. 
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1826 

Mid-pt 

1823 

Outbd pt 

x=r 

\ 

\ 

Cone 
mass 

TE 
TBP(Y)•O 

1830 

----1----~ I ntJ pt 

1834 

,.,_ _____ .&-Mid-pt 

1831 

1835 + 3N, 
N=0,5 

-----1--...J.- 0 u t bd pt 

,._ ___ 1833----· 

Fi gure 51. f)i strihutc<l ;111d concrntrat <l \.,,e i ght s . 
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data subsets are available for describing the mass and distributions. The 
first, location 1820, defines lmifonnly distributed weights within the torque­
box. The second, locations 1821 throuah 1836, is for describing items that 
may be approximated as distributed weights along spanwise lines such as 
control surface actuation, controls and power lines. Two sets of distr·bution 
lines are provided .for; each set requiring weight, distrirution line position, 
and spanwise weigt t distribution specifications. The third set, locatims 
1837 throua}l 1854, is used to specify weight and locations for up to six 
concentrated masses, such as large control surface actuators and fittings. 

Structural Design Data 

Deadweiaht 

Structure weight and mass distribution calculations are always made by 
the JOOdule. The surface weight value to be used during the initial calcula­
tions can be specified with location 144. Distribution factors for this 
weight are in 111, 112, and 113. The control word in location 110 is used to 
specify whether or not deadweiaht data are to be used during calculation of 
net design loads. 

Torsional Flutter Requirements 

Module calculations of flutter stiffness requirements are controlled ~ith 
data in locations 251 throuah 254, 312 through 318, 320 through 324, and 335 
through 360. • The flutter analysis control word is in 251. Design stiffness 
values for the 11 structural analysis stations can be input using locations 
346 through 356. Flutter analysis results can be scaled using data in loca­
tions 312 and 313 through 316, or input of scaling factors for each station 
in locations 346 throua)l 356. 

Design Loads 

Airloads data for module analysis can be defined by three options: 

1. Analysis by the SWEEP ai rloads mdule or input through the 
\\IN LOAffi data deck. 

2. ~le calculations of required airloads data. 

3. Input of design load values in the coq,onent input data deck 

The first option requires no data inputs in the component data dP~k except for 
a control word in location 205 to indicate the type of loads data · rocessing 
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to be used. The second option required appropriate data in locations 205, 255, 

256, 257 and, as required, in locations 232 through 239. The input area value, 

location 235, may be used to specify the use of a planform area other than the 

nominal value in location 240. The input geometry et, locations 235 through 

238, may be used to approximate nonlinear planforms with equivalent trapez­

oidal parameters for use under option 2. Processing of this data set is made 

only if location 235 is specified as a nonzero, positive nunber. 

The data set in locations 220 through 231 is used to define concentrated 
airloads data at two locations on the planfonn, if applicable. Load values 
comput ed from this data set are additive t o the values computed from dis trib­

uted airloads. In the third option, design values for airloads are input 
using the data set in locations 260 through 270 , 686 through 719, and 1019 

hrough 1040. Input of torque-box average load intensities instead of shear~ 
and rooments can be made with data in locations 953 through 10u7. lhese data 

arc processed under control of the code value in location 686. Use of thi s 

option r sults in repl cement of SWEEP or module calculated loads data with 
the input values. 

All calculated or input load values are asstuned to be for the limit load 
condition. Collt)uted net design loads are factored with the value found in 

location 122 to derive ultimate design loads. The synthesis and stress 
analysis procedures are based on ultimate loads and stress allowables. 

The constants in locations 931 through 952 are cover compression and 
tension load calib,·ation factors. Computed cover load intensity values are 
nultiplied by these factors to account for the crowning effects of the true 
torque-box section relative to the assumed average rectangular torque-box 
section. Factors for shear load on the front spar and rear spar are in 842 
through 863. 

Torque-Box Oesign Synthesis 

Data sets used for dcfin i tions of torqu -box design arc in ~61 through 
470, 521 through 528, 597 , 598, 599 , 650 through 671, and 7Ll through 830. 
Some of the more important data items in these locations arc <l iscusse<l in the 
foilowing paragraphs. 

Construction Concepts 

The torque -box co11stuction concept fo r 1ootall ic design is specified by 
code word in locations 361 and 461. Locat ion ~61 spe ifies th string r type 

to be used for nultirib des igns, while location 461 sp cifi multispar/plate 
or nul tisvar/honeycomb panel cl s igns . ~•lt irih analy is rcqu i r s that 
location 61 be zero and, for rrult ispar <le igns, location 361 should I set 
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to 2.0. The values in locations 365, 366, .and 375 through 384 m1St be 
coq,atible with the construction concepts. These items are organized for 
nultirib designs. In the nultispar analysis, data assigned for ribs and 
stringers pertain to intennediate spars; the webs are defined by rib data, 
and the caps are defined by stringer data. The value in location 382 is 
the number of stringer or intennediate spar eL .. ments, with internal arrangement 
specified by the code value in location 383. 

The control code in location 367 indicates if the analysis will be made 
using data input in locations 721 through 808. ~llltispar/honeycomb panel data 
are defined in locations 462 through 468. 

Advanced canposite construction concepts are specified in locations 430 
through 438. Data in locations 375 through 384 and 399 are use<l for nrultirib 
analysis, and data in locations 380 through 383 and 399 are used for nultispar 
plate and honecomb panel designs. The honeycomb panel data in locations 462 
and 464 through 468 also are used for the nultispar honeycomb panel analysis. 
Analysis of advanced composite full-depth honeycomb sandwich structures 
requires bond density value in location 464. The control value in loca-
tions 361 and 461 should be compatible with the construction concept code 
specified in locations 430 and 431 for advanced canposite analysis. 

Support structure concepts for metallic designs are limited to corrugated 
sine wave webs for ribs and intennediate spars, and stiffened plate webs for 
the front and rear spars. Data for these components are specified in 
locations 400 through 406 for ribs and intennediate spars, and 410 through 426 
for the front and rear spars. Corrugated web or honeycOOD panel concepts can 
be speci fied for advanced composite structures, using construction code values 
in locations 435, 436, and 437. lloneycomb panel core thickness for these 
structures are defined in locations 457, 458, and 459, respectively. Data in 
locations 427 and 428 are needed for the front and rear spar advanced com­
posite analysis. Advanced composite intennediate spar cap areas are derived 
from cover skin thicknesses based on the factor in location 429. 

Torque-Box Analysis Constants 

~lininum gage values for metallic analysis are in 370 through 374 and 394. 
lhe constants in locations 61, 1472, 1479, and 1480 are used as minimum 
thickness values for splice and bulkhead calculations. ~1inimum gages for 
advanced composite structures are based on minimum laminate layup consisting 
of eight layers of lamina. Lamina thickness is specified ·n Jata loca tion 
1162 as part of the material properties data set for advanced composite 
analysis. Locations 440 through 443 are mini.nun rn.unber of 0-de~ree plies 
to be used for upper and lower cover stringer designs. 
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Stability equation constants for metallic analysis are as follows: 

• Locations 362, 363, 364 - Plate buckling coefficients for cover design 

• Locations 408 and 409 - Sheet crippling coefficients for cover design 

• Location 407 - End fixity coefficient for skin-stringer collDlllls 

• Locations 401 and 402 - Local and general-stability coefficients for 

rib and inte1mediate spar webs, sine wage corrugation 

• Locations 550 through 573 - Table of plate aspect ratio versus 

stability coefficients for evaluation of shear stress allowables for 

frc:1t and rear spar wets 

Stability coefficients for a 1.1 advanced composite plates and webs, 

except stringer elements, are ana lysis routine constants or derived values. 

Stringer element coefficients are in 598 and 599. 

Ultimate Allowable Stresses 

Ultimate allowable stress cutoff values for metallic designs can be 

specified in tenJIS ~factual stress values or fractions of the material 

ultimate stresses. Data locations for input of these values are 385 through 

388, 398, 412, and 413. Cutoff stresses for advanced composite analysis can 

only be specified by adjustments of ultimate stresses specified for 0-degree 

lamina in locations 1159, 1160, and 1161. 

Weight Calibration Factors 

The final estimated weights for 1 ifting surfaces are computed by the 

appli ation of weight factors to deriv l weights for each of the major 

structural canponents of the surface . 'pecified coefficients are first 

applied to the structural elerr.ents assigned to these components. ·n1c total 

swn of all the major components is then adjusted hy a single total surface 

coefficient, specified in data array location 250. 

The major structural .omponents anJ the 1\'eight coeffi c ient Jata 

locations are listed in the iollowing paragraphs. ll::ita sets containing 

element weight coefficients are also id ntified. 

Torque-Box Struct~re 

The -::oefficient value in location 60 is applied to th outer panel 

torque-box weight. This coefficient is no . applied to the incremental 
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weights necessary to satisfy flutter stiffness requirements. Torque-box 

element coefficients are in 604 throu'1 627. Shear-tie. weijit factor is in 
520. Locations 1288 through 1294 contain weight factors for the structural 

attach weights C<Jl1)Ut~ for the seven external concentrated masses. The data 

set in locations 650 through 660 is used to indicate locations of major bulk­

heads and as weight factors. Locations 1088 through 1107 contain individual 

panel weight . factors and input incremental weights for calibration of torque­
box weight and panel distributions. 

Pivot Structure 

The data set in locations 530 through 536 contains weight coefficients 
for the pivot structures. Location 530 is the total pivot factor. 

Center-Section Structure 

Lcx:ations 481 through SOS contain the center-section weight coefficient 

data set. The total center-section facto~ is location 481. The other 
factors are organized and used in the same manner as the outer-panel torque­

box data. 

Leading Edge Stnacture 

The total leading edge str.1Cture weight coefficient is in 601. 

Individual fixed leading edge factors for wing, horizontal tail, aad vertical 

tail are in 1206, 1216, and 1226, respectively. Weight factors for the three 

control surface devices that may be specified are in 1509, 1519, and 1529. 

Trailing Edge Structures 

The total trailing edge structure weight coefficient is in 602. 

Individual fixed trailing edge factors for each surface type are in 1236, 

1251, and 1266. Spo.' ler coefficients are in 1588 and 1603; wing flap-type 
control surface coefficients in 1629, 1649, 1669, and 1689; elevator co­
efficient in 1709; Md rudder coefficient in 1729. 

Tip Structure 

Location 1956 contains the weight coefficient for surface tip stnicture. 
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Secondary Structure 

Location 603 contains the weight coefficient for condary stru ture . 

Secondary structure weights are estimated with thi factor applied to the 

total weights computed for the surface, before application of the sp ·ificd 

total surface factor in location 250. 

INPIJf DESCRIPTION 

A s ... parate data set is required for each of the wing and emp nnag ·l,m­

ponents. A complete description of this data set i pr sent J in Table l . 

Surface plar form geometry descriptions, leading ru I trailing control surfu 

descriptions, and the type of surface indicator arc th onl) Ii f fcr n • in th 

use of this data. 

All of the variables are in the fonn t o be read b suhrout ine UE "RD . 

TI1is data block nust be preceded by one of the appropriate deck ill nti fi cation 

title cards. 'Ine la t data card must have a minus sign in colWTm Th , 

wing, horizontal, and vertical deck setups are as follow: 

Variable data 

WING 
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Variable data 

HORIZONTAL 

data 

VERTICAL 
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INTRJIOCTI ~ 

Section VII 

FUS~ DATA 

The fuselaae mod.ale, level (11,0) and (12,0) overlays, of SWEEP develops 
the weight synthesis of th~ fuselage structure. Fuselage data, fuselage loads 
data, and inertia data are ·required by the module to detennine fuselage 
structure wei&hts. 'Ibe inertia data are usually developed in the data manage­
ment n>dule; discussions of this data array are presented in Section X. Fuse-
/laae loads data, developed in the airloads module, are discussed in Section IX. 
The followina paraaraphs discuss the fuselaae data array, user options, and 
proaram rationale necessary for the execution of this module. 

GENERAL IESCRIPrI~ 

The fuselage module develops a shell weig.~t synthesis and integration 
between as many as 19 user-selected ruts. The progranmed procedure is a can­
bination of analytical, eq:,irical, and statistical methods that provides esti­
mates at the detail weight level. The primary structure synthesis approach is 
based on the evaluation of applied loads and design criteria for a nultistation 
three-dimensional approximation. It accounts for geanetry, construction, 
material properties, teq>erature, loads, pressure, acrostic fatigue, local panel 
flutter, a.atouts, and stiffness requirements. The secondary structure esti • 
mating procedure is principally statistical in nature, and is dependent on 
specific canponents. 

The external geanetry is input at 10 discrete points along the fuselage. 
This input is in the fonn of longitudinal and vertical coordinate~, depth, 
width, and perimeter or perimeter correction factor. The sectio.1al geometry 
is generated as a family of shapes that may be defined by straight lines and 
cira.alar arcs. The program is structured to evaluate the shell at a maximun 
of 19 synthesis cuts. The geometry at the synthesis cuts is detennined by 
linear interpolation between the input geanetry points. 

Local cross-sectional geometrics may be further defined by specifications 
for locating internal horizontal decks and shrouds. Computed geometry data 
fran these descriptions are used in the statistical wei&ht estimation 
equations for these items. Horizontal deck and local cutout information are 
also used to derive geometry data describing local shell and bulkhead char­
acteristics. These are used in (1) coq,utations of estimated shell torsional 
properties and (2) evaluations of fuel pressure or cabin pressuri ,ation 
requirements. 

Net desian loads are calculated by coni>ining the fuselage loads data and 
inertia data with the st~tural geanetry. The external surface inertia 

.. ~ ' ' • t 

', •. , •. ·: ·.; ·: ...... •,;.:_:::, j,,,:';.,-,~· ;,,/ · ,;.:,: • • 2~7· . " .. : '. 
,' : (. , , ., ' . ~ 
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and airloads are combined to determine net reactions at the major support frames. Nacelle ard landing gear reactims are also calculated and located. Should the external surface supports provide moment continuity, cross-ship manents are · also detennined for each of the affected major frames. The fuse­lage airload and the wing· cal'ry-over lift are distributed longitudinally according to center of pressure and nose and wing locations. The module inte­grates the effect of the external loads and dis ributed inertia data to develop net longitudinal shear and bending moment diagrams. Net loads are developed at each of the synthesis cuts for a maximum of 24 design load conditions. The program is currently limited to the evaluation of synunetrical vertical loads. The only exception is the introduction of vertical tail loads, which are used in the synthesis of support frames. 

The shell structure may be synthesized for longeron or skin-stringer-type construction. Fixed panel geanetry or optimizing search options may be selected. In the case of the optimizing search routine for stringer spacing, the starting value is the predetennined mininum. Stringer spacing is increased in search of a right-hand optinum (Fig.ire 52), while a left-hand optimum abbreviates the search at the starting value. The same type of searching pro­cedure is carried out for variable frame spacing. If both 5tringer spacing and frame spacing searches are specified, the stringer search ocrurs within the frame search loop. Cover milling, frame depth, and fabrication mininums are other user input options. 

point 

(right-hand optimumi 

~ Minimum stringer spacinr 

Stringer spacing 

Figure 52. Stringer spacing search. 
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The effect of fuel or cabin pressuriz •. ion is evaluated as part of the 
panel synthesis approach. Cover synthesis is based o a generalized least 
resistance path assunpt.ion. This method checks hoop tension effect versus 
bending and diapirafOlling action between supports. Pressure bulkheads are 
estimated as webs with stiffening menbers. Cabin pressure or fuel vent pres­
sure is input at the synthesis cuts. A negative valuP. for pressure is used to 
designate ruman environment for which the desiil factor of safety is 2. Fuel 
hydraulic head pressure is defined by input of fuel density. A negative value 
for density indicates the location of fuel below the deck; conversely, a posi­
tive value indicates fuel above the deck or within the entire fuselage 
section. Hydra11ic head is detennined at the top and bottom of the tank by 
using the inte1nal shell geanetry definition and the maximun po~itive and nega­
tive load factors at the synthesis cut. 

Local panel flutter prevention requirements are evaluated for supersonic 
flight. The program scans the speed-altitude profile data for the critical 
flutter point. If the fuselage nrxlule is executed in the stand-alone mode, 
the critical flutter data (mach number and altitude) may be input, either 
through the FUSELAGE or the INERTIA data blocks. 

Acoustic fatigue and stiffness requirements are not automatically gen­
erated in this program. However, these requirements can be described by data 
in the FUSELAGE deck for evaluation by the fuselage module. 

The fuselage shell weight analysis routines use the synthesis results to 
compute the individual component weights of the shell, internal panels, and 
secondary structure items; when combined, they represent the total fuselage 
structural weight. Cover and longeron weights are based on a linear taper 
of thickness and area between station cuts. Minor frame weights are based on 
a weighted average within each section. Major frame weights are based on 
peripheral sizing data computed at 60 rings analysis points. The synthesis 
approach to shell weight estimating presents a qualitative solution dependent 
on the input design parameters and constraints. However, this solution still 
leaves a gap between the synthesized structure and the actual hardware weight 
The indexing factors are used to compute final estimated weights. These fac­
tors should be developed by operation of the program on known hardware systems. 
The design limitations of the prograrrmed approach should be considered whe~ 
values for indexing factors are derived. 

The secondary structure weight estimating procedure consists of three 
different approaches. nur·~g the initial vehicle conceptual phase when detail 
geometric descriptions ar~ not available, a checklist approach may be used. 
The checklist approach uses rule-of-thLDnb estimates for certain secondary 
structure components. A second approach requires geometric description such 
as individual door size. The third approach is to override program computa ­
tions with input ,:omponent weights. This method should be used when detail 
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component weights are available. All three methods may be used in any single 
coq>Uter nm. If nose and/or tail radanes are spp.cified as secondary structure, 
the synthesized nose and/or tail cone segments are deleted from the primary 
shell weight estimates. 

INPlff DESCRIPTION 

A complete description of input fuselage data is presented in Table 13. 
All of the variables are in the form to be read by subroutine DECRD. This 
data block nust be preceded by a deck identification card "RJSELAGE". The 
last data card must have a minus sign in collDllJl 1. The RJSELAGE deck setup 
is as follows: 

data 

FUSELAGE 

Expanded explanations for those variables which may be subject to mis ­
interpretation are: 

• Locations 242 and 361 through 379 specify the number and locations 
of the shell synthesis cuts. The selection of these synthesis cuts 
is left to the discretion of the user. The first and last cuts must 
not be at the extremities, since structural segnEnts are defined to 
exist foNard and aft of these cuts. Should radornes exist, these cuts 
are used to define the rad0me attach locations. The priority in the 
selection of synthesis cut~ is as follows: 
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- Locate cuts at sharp discontillli ties in geanetry. Should this 
situation exist, the cuts are taken inlediately foNard and aft 
of the discontinuity. The distance between such cuts should be 
no areater than 2 inches. The 2-inch segment is a program key 
that desianates a sharp step in fuselage wetted surface. The loca­
tion of cuts mst be ccapatible with the geanetry described in loca­
tions 291 through 300. 

• Locate wts inlnediately foNard and aft of major load introcuction 
points such as wina front and rear spars, and landing gear support 
frames. This allows the proaram to reflect proper desiW'l values 
of loads on panels foNard and aft of these load introduction points. 

- Locate cuts at the forward and aft ends of major cutouts such as 
weapons bay doors, engine removal doors, and wing carry-through 
structure. Do not describe wtouts that are not bounded by syn-
thesis cuts. Smaller cutouts such as those due to entrance doors 
generally should not be input. The program shell synthesis routines 
accwnt for the weijht effect c:lle to cutcuts, . and the secondary str...c­
ture routines estimate the weiFt of the door and associated 
mechanisms. 

- Locate synthesis o.ats at fuel or cabin pressure bulkheads and the 
foNard and aft ends of carao and weapons bays. 

- Locate cuts to reduce septent lenaths. This will improve sensitivity 
to lonaitudinal loads and geanetry. 

• Locations 246 through 249 specify the material identification nl.Ullber 
for the covers, longerons, major frames, and minor frames. These 
material codes are used to order material property data from the 
SWEEP pemanent data bank. Required data for the evaluation of the 
structural components are then canputed. The cof11Puted data describe 
the temperature propert ·es of the selected material for each design 
load condition. 

• Locations 291 throuah 300 specify the geometry description cuts. Sharp 
geometric changes, such as occur at the start of duct inlets, should be 
described by double cuts inmediately forward and aft of the change. 

• Locations 301 through 340 describe the cross-sectional shape of the 
fuselage at each of the jeometry cuts (Figure 53). Geometry data for 
the fuselage synthesis cuts (361-379) are derived by interpolation of 
geometry cut data, The perimeter of the fuselage section at each geo­
metry station, locations 331 throuah 340, may be specified in terms of 
actual dimensions or as functions of the local cross-section shapes. 
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The type of input data is indicated by the control cod~ value in 
location 243. A code value of 2.0 requires input of perimeter 
correction factors, (Kc) determined for the cross-section shape 
at each geometry station. The curves in Figure 54 should be used 
to derive the appropriate perimeter correction values. 

•Locations 381 through 39g spe ify the frame spacin~ at the synthesis 
cuts. Data in these locations take precedence over data in location 
257. The spacing at each synthesis cut is independently derived. 
Therefore, the user may specify fixed spacing at one cut and frame 
spacing search at another. If any of these locations are left blank, 
.,earch control for that cut reverts ba.ck to t.lie type specified in 
location 257. 

•Locations 401 through 420 specify the major frame depth if it differs 
£ran the general frame depth in location 256. This depth is used for 
the analysis of major suppo,:t frames specified at the cut or within 
the segment immediately fonrard of the cut. If the required, major 
frames occur in the segment .1ft of the last synthesis cut, the frame 
depth must be input in the corresponding location. 

•Locations 441 through 459 specify the vertical 1ocation of horizontal 
decks or the vertical locations of the centers of curvature of the 
shrouds. Data in locations 521 through 539 define the shroud radius. 
Geometrical representation of the program application is shown in 
Figure 55. It is necessary that either a deck or a shroud be defined 
at t.~ach synthesis cut where a cutout is specified. 

•Locations 1001 through 1038 specify the location of external components 
relative to the fuselage. Data for these locations are depicted in 
Figures 56 through 60. If a major frame is c011100n for two or three 
load points, such as rear spar attachment and gear attachment, input 
the attach points at identical stations. Locations 1022 through 
1025 are useful only when the fuselage module is operated in the stand­
alone mode, since there is no provision for accOIIITIOdating c, ternal 
fuselage stores in the integrated program. 
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GENERAL DESCRIPTICJ1' 

Section VIII 

NiV LOADS DATA 

The ff LOADS data block is a special variable data block used to input 
wing and empennage limit design airloads to be used during airloads module 
execution. Data in this block will be used in lieu of calculated surface 
shears and mments only if the airloads roodule is instructed not to compute 
wing and/or empennage l oads. This allows the user to input discrete sets of 
airload data for any or all surfaces and, dur~.ng airloads module execution, 
evaluate all required design conditions for output of fuselage design loads. 

This data block consists of component limit airload shear and bending 
mment along the elastic axis (swept loads). The loads data must be canpatible 
with the stn.actural synthesis cuts, and are ordered from the tip cut to the 
root. 

INPlTI' DESCRIPTICJ1' 

A conq>lete description of input data locations is presented in Table 14. 
All of the variables are in the form to be read by subroutine DECRD. This data 
block nu.st be preceded by a deck identification card, "WHV LOADS." The last 
data card 1111St have a minus sign in col\111111. The WHV LOADS deck setup is as 
follows: 

Variable data 

WHY LOADS 
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Section IX 

FUSELAGE LOADS DATA 

GENERAL DESCRIPTION 

During execution of the fuselage rodule, structural design loads are 
conputed from inertia and airloads data stored in separate data blocks. 
These blocks are set up during execution of the data processing and design 
data evaluation rodules of SWEEP. A data processing feature of SWEEP provides 
the user with two options for transmitting airloads data to the fuselage 
J!Ddule: 

1. Execute airloads rodule with instruction to create the airloads data 
block (control card 2, columns 9 through 12) 

2. Input "AJS LOADS" data block as part of the case data deck 

Should b~th options be exercised in a given case nm, data created by the 
airloads rodule overrides the input "AJS LOADS" data block. However, airloads 
data created by the airloads rodule may be partially or completely revised by 
input of "RJS LOADS" in a subsequent case nm. Control card 2 for the 
subsequent case nust contain (O) punch in colwm 80 to indicate that mass 
storage file status resulting from the previous case is to be updated only 
with input data. 

This data block consists of canponent airloads and centers of pressure, 
and vehicle load factor and pitch acceleration. Loads data sets are provided 
for different flight and ground design conditions. A description of each of 
the load conditions is shown in Table 15. Although the load condition number 
has a specific significance during the operation of the airloads module, the 
only user concern is the compatibility among the input load set, design 
weight, and wing sweep position. 

INPlIT DESCRIPTION 

A complete description of input data locations is presented in Table 16. 
All of the variables are in the fonn to be read by subrouting DECRD. This data 
block must be preceded by a deck identification card "AJS LOADS." The last 
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data card must have a minus sign in colunn 1. 11iE FUS LOADS deck setup is 

as follows: 

Variable data 

FUS LOADS 
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TABLE 15. DESIGN LOAD C<H>ITIONS Nil OHiTRA.INTS 

SpeeJ·Altitude Profile 
(Fi &, 17 ) 

Load Type of Additiatal 
Cond Load Vehicle Wine Mach Desi~ 
No. Cond A/V _Type Wei&ht Sweep AW Point• No. Alt Const raints 

l •Nz F, A, B, C BFIM Fix • aft 1 ML SL 

2 •Nz F, A, II, C BFIM Fix • aft 2 ML Int Only if ML at 
2 :t Lat 3 

3 •Nz F, A, B, C BFDW Fix • aft J ML Min at Only if ML at 
maxt\i 3 a ML at 2 

4 •Nz F, A BFDW Fix - aft 7 0.9 SL <Ally if ML at 
la 1.0 

5 •Nz F, A, 8, C 8FDW Pwd 10 
1-\1 SL Variable sweep 

wine only 

6 •Nz F, A, 8, C BFIM Fix • aft 4 ~ SL 

7 ·Nz F, A, B, C BAM Pwd 10 ~ SL Variable sweep 
wine ooly 

8 Man F, A, 8, C MIJI' Fix • n«1 8 1.S V!iO SL 
flap 

9 l & F, A, B, C ~ Fix • n«1 9 1.2 VSL SL 
tri111 

10 + Vert 8, C BFIM Fix • aft 4 ~ SL 
,iust 

11 + Vert B, C 11i:i. Fix • aft s ~t Int 
,iust 

12 + Vert B, C ei:i. Pwd 10 ~ SL Variable sweep 
,iust wine only 

13 + Vert 8, C BFDW Pwd 11 ~ lnt Variable sweep 
,iust wine ooly 

14 • Vert F, A, B, C BAM Fix • aft. 4 ~ SL 
,iust 

1S • Vert F, A, 8, C BFDW Fix • aft s 
1-\i 

Int 
,iust 

16 • Vert B, C BFDW Pwd 10 
~i SL Variable sweep 

pt wine ooly 

17 • Vert B, C BFDW Pwd 11 
~t 

SL Variable sweep 
pt wine ooly 

18 Lat F, A, 8, C BF~ Fix • aft 4 ~ SL 
pt 

19 Lat F, A, 8, C BFIM Fix • aft s 
~t Int 

,iust 

I 

•identified by huqonal poinu in Fi,ure 17. 
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TABLE 15. DE.SIGN LOAD CXIIDITIONS AND <Xli5TRAINfS (~O.) 

Speed-Altitude Profile 
(Fig. 17 ) 

Load Type of Additiooal 
Cond Load Vehicle Wing Mach Desijpl 
No . Cond A/V Type Weiaht SWeepAW Point a No . Alt Coostraint s 

20 Pitch F, A, B, C ~ Fix - aft ! ML SL 
ace 

21 Pitch F, A, B, C Bt~ Fix - aft 3 ML Min at 
ace max~ 

22 Yai F, A, B, C Bm-' Fix - aft 1 ML SL 
ace 

23 Yaw F, A, B, C Bm-' Fix - aft 3 ML Min at 
ace max~ 

24 2, F, A, B, C 0 Fix - flold - - -
taxi 

aldmtified by hexaplal poinu in Fial,a'e 17. 



t..
. • u, 

TA
BL

E 
1

6
 . 

R
JS

EL
AG

E 
1.

0.
A

ffi
 

a
\T

A
 L

I S
f 

·•
•~

•·
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

··
··

 
T

~
F

 
F

ll
4

-f
ll

\t
:F

 
tr

iA
nc

:;
 

nA
T

A
 

IS
 

T
O

 
~

E
 

C
,,

M
P

A
T

ff
H

 F
 

W
IT

 ..
 

T
H

F
 

T
N

~A
T

fA
 

f"
A

T
~.

 
TM

F 
T

A
B

lC
 

q
ft

n
w

 
SH

O
W

S 
TH

E 
J'

fF
R

T
I"

 
f"

A
TA

 
IJ

~E
n 

W
tT

H
 

EA
CH

 
riF

 
T

p~
 

F
U

~
fl

A
~

F
 

lO
A

n5
 

B
L

O
C

K
S.

 
FO

P 
F

tX
fO

 
W

fN
r,

 
A

JQ
C

A
6~

T
, 

TH
E 

W
T

N
~ 

P
n

S
fT

J
~

~
 

IS
 

~
n

T
 

PE
R

T
IN

E
~T

, 
A

N
O

 
T

H
f 

T
N

E
gT

T
A

 
O

A
TA

 
IN

 
l'

1C
~

T
J(

'l
\J

c:
; 

l-
0

0
 

W
C

'll
l!

" 
P

E
 

ID
E

N
T

IC
A

L
 

T
O

 
Tf

-4
F 

rA
T

A
 

I
"
 

L
O

C
:A

T
Jr

jN
~

 
0

1
-1

--
0

. 

,-
r,

~
r,

 T
T

 T
 "
lt

l 
c1

14
-

L
nl

\f
'c

:;
 

V
EH

IC
LE

 
W

IN
~ 

P
t"

'S
JT

JC
N

 
JN

J:
'.R

TJ
A

 
O

A
T

A
 

M
U

M
~F

P 
tC

'r
tT

T
O

'I
S

 
W

E
JG

1-
4f

 
V

A
R

JA
B

lE
 

~W
fE

P
 

L
O

C
A

T
T

n
~

s 

--
--

--
--

--
--

--
-

--
--

--
--

--
--

--
--

·--
--

--
--

--
--

-
; 

1
-

~
 l:

t 
R

~
l'l

il
l 

A
FT

 
-

1
-

O
o 

7 
,c

-
C

i6
 

8F
D

W
 

A
F

T
 

J
-

oo
 

~
 

5
?
-

,-
4 

8f
[l

W
 

A
FT

 
1

-
CJ

O 
4 

"5
-1

1
.?

 
8F

l'W
 

A
FT

 
!
-

q
o

 
5 

1
1

3
-1

4
0

 
BF

DW
 

Fw
n 

q
l-

lA
O

 
6 

1
4

1
-1

6
,.

 
BF

D
w

 
A

FT
 

1
-

c:
,o

 
7 

-
· 

}
t,

.O
-1

0
fi

 
P.

FD
W

 
Fw

~-
-

-
-

c:
,f

 .:r
so

 -
R

 
lQ

?
-.

,,
4

 
~o

w 
FW

n 
lf

'l
-2

?
0

 
0 

2
2

'i
-2

C
?

 
LD

W
 

FW
D 

2
7

1
-3

6
0

 
1

0
 

?
~

~
-?

•O
 

8
F

t'
W

 
A

f!
T

 
1

-
0

0 
11

 
2

1
!1

-~
C

P
 

BF
O

W
 

A
FT

 
1

-
q

o
 

1
2

 
~

r,
0

-·
:n

~
 

BF
O

W
 

FW
') 

q
1

-t
P

O
 

l 
:I 

~
~
~
-
~
6
4
 

8F
C"

IW
 

F
W

(' 
Q

l-
1

8
0

 
1

4
 

,~
c
;-

1
c
2

 
A

fO
W

 
A

FT
 

1
-

o
o

 

1
5

 
~

Q
J

-4
?

0
 

BF
O

W
 

A
FT

 
1

-
oc

 
1 f

, 
4

2
1

-4
4

8
 

f:\
FO

W
 

FW
O 

q
l-

lf
'O

 
\?

 
4

't
0

-4
1

6
 

B
F!

)-
, 

Fw
n 

0
!-

1
~

0
 

1-
-

4
~

7
-i

;o
4

 
l'F

O
W

 
I.F

T
 

t-
oo

 

.
.
 -

• i
o

 
. 

-
--·

 -~
 

--
-

c;
o

5
-~

3
.,

 
B

F
['

IW
 

A
FT

 
1

-
0

o 

".!
O 

5
~

~
-c

;~
o

 
B

F
D

fl
l 

A
FT

 
,_

 o
o 

71
 

s;
~

l-
5

P
• 

ei
::0

1i
1 

~
F

T
 

l-
oo

 
'!

7 
c
;q

O
-f

J
_

f,
 

B
F0

,1
 

A
FT

 
1

-
q

o
 

., ~
 

ti
!~

-6
4

4
 

BF
DW

 
A

FT
 

t-
q

o
 

~
4

 
f-

4
~

-6
?

'.
' 

M
OW

 
FW

O
 

l6
!-

4
'i

0
 

•a
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

••
••

·-

_
_ ..

. 
--

-
-
-

-·-
-

-
-~

--
-



:A
 ,. :,

. 

-
-
-
-
-
-
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-

TA
BL

E 
1

6
. 

R
JS

EL
A

G
E 

LO
A

ffi
 

DA
TA

 L
IS

T
 

(m
N

T
) 

L
,f

A
T

JQ
N

<
; 

D
E

S
C

R
IP

T
l~

N
S

 
---

---
---

---
---

---
---

l'
1

{.
\T

T
n

~
s
 

1
-?

0 
A

R
f 

C
(I

P
 

L
O

A
D

 
C

')
N

~
IT

J
r~

, 
N

ll
~

~
fQ

 
t
.
 

1 
l0

A
O

 
rr

~
n

J
T

J
n

N
 

,~
P

U
T

 
~

A
T

A
 

!~
c:

r~
T

n
P

. 
E

~
T

~
Q

 
~

-0
 

IF
 

?. 3 4 5 ,.. 7 ~
 

0 

1
0

 
, 

1 
, 

2 
1 

'l
 

1
4

 

1 
'5 

1
6

 
\7

 
}
P

 
1

Q
 

?
(
' 

'1
 

2
? 

T
H

f~
 

r,
N

ct
T

IC
N

 
,s

 T
O 

A
: 

IN
V

E
ST

T
r.

A
T

l=
n.

 

tn
in

 
ro

~
O

tT
I

O
~ 

T
Y

PE
 

t~
O

IC
A

T
O

R
. 

"~·~
 

T
W

f'
· 

T
.,_

.P
rf

 
rn

n
P

 
F

T
V

f 
<"

 y
 X

 

fl
.~

l=
q

A
L

A
~

C
F

D
 

F
L

IG
H

T
-F

L
~

P
$ 

t?
.Q

J
 

-F
L

~
P

~
 

(~
.O

)=
T

W
~

 
W

H
fE

L 
L

A
N

C
IN

G
. 

f4
.0

t•
V

F
l:

1T
JC

A
L

 
G

U
ST

. 
t5

.0
l=

tA
T

F
A

A
L

 
r,

,,s
r.

 
f~

.O
J:

P
IT

rH
IN

G
 

JC
C

E
L

E
A

~
T

J~
~

. 
~ 

F
 V

 H
I 

( 
7 

• 
0 

, =
 y 

A
 w

 I N
G 

A
: C

E 
LE

 r, 
A

 T
I 

C
 ~

. 
F

f~
H

T
 

(P
.O

):
T

w
n

 
r. 

T
A

X
I.

 

II
P

. 
no

\o
llN

. 

tn
A

I"
\ 

C
"f

'~
l"

\J
T

T
O

~
 

('
t"

)l
lt

H
E

R
 

,-_:
1

1
~

q
rp

 
IJ

F
 

C
O

M
!"

J
T

J
r>

N
S

. 
T

F
M

P
J:

P
ft

T
tl

D
f-

•
•
 
o

r 
NO

T 
lO

A
O

 
•
•
 

F
ir

T
~

P 
T

n
 

rn
N

V
F

Q
T

 
L

IM
IT

 
LO

A
D

 
T

O
 

V
F

D
T

Jf
A

L
 

L
O

A
~

 
F

A
C

T
O

R
 

-
~z

 

••
 ~

o 
N

PT
 

L
nA

n 
•
•
 

~F
r.P

E
F.

~ 
F

A
H

ll
fN

H
E

JT
. 

ll
lT

T
1

4
A

T
E

 
lO

A
O

 • 

~•
P

T
 

A
V

A
TL

I\P
LF

 
-

U
SE

D
 F

O
P 

LA
TE

R
A

L 
U

lA
O

 
~

A
C

T
O

R
 

-
N

Y
. 

w
r~

r. 
A

P~
X

 
A

T 
C

E
~I

T
F

P
L

IN
E

 
O

F 
F

U
S

F
I.

A
(;

f 
-

ST
A

Tl
("

lfl
l 

(X
t 

••
 

JJ
IIC

H
E

S
 

PT
T

C
~T

M
~ 

A
~f

F
L

~D
A

T
(O

N
 

A
A

O
JA

N
SI

SE
fO

N
"l

 
~
~
.
 

~•
nT

 
AV

A
JL

~
e,

 E
 -

uc
;e

o 
FO

~ 
P

J
T

C
~

H
-•t

; 
V

FL
O

C
IT

Y
. 

S
JN

l<
H

1 G
 

c;
Pl

=F
"l

. 
R

F
O

U
IP

E
D

 
W

t-f
EN

 
L

O
C

. 
2 

• 
3

.0
 

L
A

M
rJ

~~
 

~J
:A

P 
~

T
P

n
~

E
. 

R
E

~
U

IR
E

O
 

W
H

fN
 

L
o

r.
 

2 
=

 
1

.0
 

V
Fl

 r
,r

 T
T

Y
 

-M
A

C
H

 
N

U
14

B
E

Q
 •

 
t
l
 T

J
T

t•
f"

F
 

11
1=

 
M

.A
f._

. 
~I

J1
4~

E
R

 
-~

F
F

T
,~

 
F(

"'I
PF

~f
'O

Y
 

l 
J~

T
T

 
L

JJ
:T

 
-P

C
U

~
n

~
. 

i=e
:F

.r
/

si
=c

nN
o 

IN
C

M
f:

C
i 

(F
N

T
F

~
 

ni
::

 
P

P
F

.C
:~

II
P

E
 

(
1
F 

FJ
II

E
B

O
D

V
 

l 
J
F

T
-S

T
A

T
J
n

~
 

f 
X

t 
T

N
C

M
FS

. 
1,

1,
,-.

r, 
rA

P
P

Y
 

C
"E

P 
',~

,r 
L

JF
T

· 
-P

C
!U

N
nc

;. 
rf

N
T

fP
 

f'
lf

 
P

P
E

C
:C

:l
!P

C
 

O
F

 
B

JD
Y

 
L

I
F

T
-

$
T

J
T

(n
r,

,i
 

(X
) 

J
"J

(M
E

S
. 

\.
'J

~•
C,

 
f'

U
T

F
R

 
f'

4
"1

J:
t 

ll
t-

'I
T

 
L

IF
T

 
-P

O
II

N
O

~
. 

(J
:N

T
F

P
 

n
F

 
p

o
c
~

~
II

R
~

 
l1

F
 

W
l"

-'G
 

L
IF

T
-

S
T

A
T

tn
r-1

 
(X

) 
J
~

fM
E

S
. 

ff
l\

lT
F

~
 

rF
 

D
f:

'f
C

:S
II

P
E

 
f'

F
 

W
IN

~ 
lf

C
T

-
R

U
T

T
 

L
P

,1
E

 
(V

l 
l~

f~
F

c
;.

 



~
 

-.
.,

i 

TA
B

LE
 
1

6
. 
~
 

I.D
AD

S 
D

AT
A 

L
IS

T
 
(a

M
')

 

,3
 

~
n

P
tr

rN
T

~
t 

T
A

il
 

L
fN

J
T

 
L

IF
T

 
-P

~
U

~
O

~
. 

;)
4 

r~
N

T
f0

 
nF

 
D

R
E~

SW
>F

 
UF

 
H

JA
IZ

11
N

TA
L 

T
A

IL
 

L
IF

T
-

S
T

.A
T

tr
~

 
fX

) 
IN

C
H

f~
. 

;,-
. 

~U
T

T
 

ll
"
'E

 
(Y

) 
IN

C
H

E
S

. 
;)

6 
V

~Q
TJ

("
A

L 
T

A
JL

 
lJ

~
IT

 
LO

A
D

 
-P

O
U

~
n

s.
 

,.
, 

C
'F

~
T

~
r>

 
l"

F 
S

,P
~

~
~

II
P

~
 

V
E

~
T

IC
A

L
 

T
A

tl
-~

T
!.
T

IO
~

 
f)

()
 

H
<

IC
H

E
~

;
-

--
?

q
 

-W
A

T
F

R
 

ll
~

E
 

(Z
t 

IN
C

 ...
 E

S
. 

-;,
o

 
lO

C
~

T
lO

N
~

 
?

0
-5

~
 

A
P

E
 

F
n

P
 

L
O

l~
 

C
O

N
O

JT
JC

N
 

~
U

~
8

E
R

 
2

. 
tn

A
~

_r
o

~
n

tT
tr

.N
 

fN
D

U
T

 
D

A
TA

 
JN

C
IC

A
T

~R
. 

f.~
TE

Q
 

2
.0

 
IF

 
TH

l<
: 

C
~

~
~

fT
tn

~
 

IS
 

TO
 

PE
 

IN
V

E
S

T
J~

!T
F

O
. 

-
-

·-
-

1{
ff"

-
-.

 
1C

lA
"f'I

 
ro

t\
in

t,
-,
o

~
 

T
yD

£
" 

IN
D

fC
A

T
O

P
. 

-
· 

-·
··

·-
·-

~t
,1

1=
 

(l
.O

t=
P

A
L

A
N

C
E

O
 

F
L

li
iH

T
-F

L
A

P
S

 
U

P
. 

TW
('I

 
( 

2
. 
0

) 
-
F

l~
 P

S
 

"
O

W
N

. 
T

t-4
0E

F
 

,~
.O

)=
T

W
n

 
lil

H
f.

E
L

 
L

4
N

D
IN

G
. 

-
-

··
-

--
·-
--

-
-
-

F
O

U
P

 
(4

.0
)•

V
E

R
T

JC
A

L
 

G
U

S
T

. 
F

T
V

f 
(5

.0
)=

L
A

T
F

R
A

L
 

G
U

ST
. 

-
-

·-
-

-
~

,x
 

ff
>

.O
)•

P
f1

'!
H

fN
C

A
rt

E
L

E
lf

A
~

t~
~

. 
-

--
-

--
-

··
--

·-

i
t 

3
2

 
3

3
 

-
--

-
-
-

~
,;

 
1

'i
 

'6
 

3
.,

 
~
~
 

,o
 

4
0

 
4

1
 

4
'>

 

4
3

 
4

4
 

4
'i

 
4

6
 

4
7

 

<
:E

V
F

~
• 

(
7

.0
t•

Y
A

W
J

~'G
 

A
C

C
'E

L
E

P
A

T
JC

N
. 

~
tr

.H
T

 
(A

.O
)=

T
w

n
 

r, 
T

A
X

I.
 

LO
A

O
 

r~
N

nt
T

fr
.N

 
c
n

t~
T

E
R

 
N

tl
M

P
,E

P
 

O
F

 
C

C
'N

f.
't

T
JO

N
S

. 
T

fM
P

F
P

 A
T

II
P

f-
-

·-
r1

r-
~

n
P

 
r-

n
·
rr

-~
V

E
A

T
 
L

fM
lt

 l
O

l"
O

 
T

n 
V

F
q

T
fr

A
t 

LO
A

f'I
 

F~
C

T
O

P 
-

~
z
 

·-
--.-

. 
nr

· l
if

t:
''r

 r
ru

o 
6

•-
-

-
**

 
0

0
 

N
O

T 
LO

A
O

 
•
•
 

O
f.

G
•F

.~
S

 
FA

H
Q

E
N

H
E

JT
. 

ll
l 

T
 f 

a4 
l'

T
l:

 T
IJ

IM
 ;

-•
• -

--
--

-

N
nT

 
A

V
A

T
L

A
A

lf 
-

U
~f

O
 

F
O

~
 

LA
TE

RA
L 

l~
A

O
 

~A
CT

O
R 

-
N

y
. 

W
JN

r.
 

A
P

E
X

 
A

T
 

t"
EN

TF
R

.L
H

!E
 

O
F 

F
U

S
F

tA
G

F
 

-
S

T
A

T
fO

N
 

(
~

J
 

• 
t~

tl
'F

.S
 

P
lT

fH
T

N
G

 
~

C
r.

~
tf

P
A

T
IO

N
 

Q
A

O
tA

N
~

/S
E

C
O

~
O

 
S

Q
. 

N
f"

T 
A

V
A

JL
A

R
tl:

 
-

IJ
SE

O
 

fO
~ 

P
IT

C
H

T
N

G
 

V
F

lr
C

tT
Y

. 
c:: 

T
~K

 T
N

G
 

so
,=

·~
n 

••
 P

F
Q

U
IA

E
O

 
W

H
EN

 
LO

C
 •

 
3

o
·· 

•
· 
,
.
o

 
-~

/
S

l:
C

-
~

 
L

A
N

O
H

,•
f;

 
r,

c
4

p
 

~
T

o
n

.c
E

, 
P

E
O

U
IP

E
~

 
W

t-'
E

N
 

lO
C

. 
3

0
 

• 
3

.0
 

IN
C

H
E

S
 

"
~

to
r,

T
y

 
-1

4A
C

H
 

~
nl

fl
4"

E
R

. 
A

tT
fT

U
~

E
-~

F 
~A

r.H
 

~U
M

B
fP

 
-F

~
IT

. 
-

-
rn

P
E

P
P

O
Y

 
L

IM
T

T
 

l 
JF

T
 

-P
C

U
~

~
s.

 
rn

,1
T

fP
 

P
F

 
P

D
F

C
.S

lf
A

F
 

O
F 

F)
qE

B
O

O
Y

 
ll
F

T
-C

.T
IT

lf
"
lN

 
(X

I 
IN

C
H

E
S

. 
~

fN
~

 
rA

o
P

y
 

O
V

~D
 

L
fN

fT
 

L
IF

T
 

-P
C

U
N

O
~

. 
f:

~
N

T
F

P
 

O
F

 
P

P
F

S
S

O
R

E
 

O
F

 
SO

O
Y

 
L

IF
T

-
~

T
A

T
IO

~
 

(X
I 

J~
C

H
E

S
. 



TA
BL

E 
1

6
. 

FU
SE

LA
G

E 
LO

A
Jl5

 
DA

TA
 L

IS
I' 

(m
N

T
) 

·-
~--

--·
-

·-
-

4A
 

\.I
 H

Jr
. 

f'I
IT

~o
 

P
U

IF
L

 
ll

M
IT

 
L

IF
T

 
-P

O
U

N
O

c;
. 

4
'l

 
fF

~I
T

fO
 

("
IF

 
O

PE
SS

•t
O

F 
[

•F
 

W
IN

G
 

L
IF

T
-

S
T

A
T

H
1N

 
ex

• 
TN

C
".H

ES
. 

s.o
 

r 
f 

~• 
T

 c: 
o 

"
'c

 
PP

~c
;s

11
PE

 
O

F 
W

IN
G

 
L

IF
T

-
PU

TT
 

l 
f ~

IE
 

C
 V

t 
I N

C
~

E
S

. 
-·

·-
i;

q
 

~
n

D
 I

 7
f"I

N
TA

L
 

TA
 1

l 
L

JM
JT

 
L

JF
T

 
-P

C
ll

N
"S

• 
s:;

?. 
fC

N
T

FP
 

nF
 

PD
F~

SI
ID

F 
('F

 
t-t

O
R

.(Z
O

N
TA

L 
TA

 f
l 

L
JF

T
-

--
-

-
--

·-
c;

T
A

T
J~

N
 

(X
I 

n
,r

H
r:

c;
. 

c;
~ 

~U
T

T
 

LT
N

~ 
(Y

) 
IN

C
.,.

F
S

. 
5

4
 

V
C

:P
Tf

C
A

L 
T

A
JL

 
L

T
M

fT
 

LO
A

:>
 

-P
C

ll
N

f'I
~

. 
5 

r; 
fC

N
T

FP
 

'11
= 

PP
E

C
:c

;tt
PF

 
V

E
PT

IC
A

L
 

T
-'

fl
-S

T
A

T
JO

N
 

ex
, 

I 
~C

M
fc

;. 
-

-
r; 

6 
-\

fA
T

fQ
 

LT
N

E 
en

 
JN

C
M

FC
:. 

·-
-

· -
-•

 
c

;~
-F

l4
 

lf
'A

O
~

 
O

A
T~

 
FO

R 
C

O
N

O
IT

IO
'I 

N
U

~e
~~

 
3

. 
H

'IP
 

r•
FC

.r
~J

PT
!f

1'
-J

 
f"'

F 
D

A
TA

 
S

E
E

 
L

,Y
A

T
JO

N
S

 
1

-z
q

. 

-
--

R
S

.-
!l

~
 

tn
A

"C
. 

O
A

T~
 

Fn
D

 
C

f'N
D

IT
IO

N
 

N
U

M
BE

P 
4

. 
F{

1D
 

re
c;

ro
JP

T
Jn

~ 
O

F 
O

A
TA

 
S~

E
 

L
ri

fA
T

Jn
"I

~
 

l-
?
e
. 

c.
,,i

 
~
 

. .
 ---

t f
~

-1
40

 t
f'

A
~

~
-

hA
TA

 
0

0
 

F~
P 

C
O

N
D

IT
IO

N
. N

U
M

R
E~

 
5 

• 
cn

p
 

rF
C

.C
Q

T
P

T
Jn

~ 
nF

 
O

A
TA

 
SE

E 
L

O
':A

T
IO

N
~ 

1
-2

8
. 

!4
l-

1
h

~
 

tP
A

~
S

 
CA

TA
 

FO
P 

C
'1

N
O

IT
IO

'I 
~t

lM
~E

R
 

6
. 

Fr
~P

 
""

FS
C

D
fD

T
T

O
~,

 
f'F

 
D

A
TA

 
SE

E 
Lr

lC
'A

TJ
O

N
<;

 
! -

2
"
· 

l~
0

-
}

0
6

 
f 

("
IA

~~
 

~1
T

A
 

FO
P 

c
nN

O
IT

JO
N

 
N

U
~R

EP
 

7
. 

FP
P 

~
E

S
fD

T
P

T
JC

~
 

O
F 

D
A

TA
 

SE
E 

L
 0C

 A
T 

J '
lN

C:
. 

l-
~

R
. 

l~
~

-2
2

4 
1

0
8

n
S

 
~A

TA
 

F~
D

 
r.

r,
N

O
IT

IO
~ 

N
U

~B
E

P 
8

. 
c
n

p
 

~
f~

rp
y

p
T

T
f'

~
 

O
F 

O
tT

A
 

SE
E 

lf
lC

A
T

J'
1N

$ 
1

-,
~

. 

,2
~

-7
~

?
 
tn

in
~

 
D

A
TA

 
~O

P 
cn

N
O

IT
IO

N
 

NU
M

BE
R 

Q
. 

---
--

-
•·-
-

c
ro

 
rF

C
.r

.R
JP

T
T

r~
 

nF
 

D
A

TA
 

SE
E 

L
 C'

lr 
6 

T
 I 

,:, 
N

 $ 
1

-7
8

. 

~
r;

l-
?
a
o

 
l
□
A
n
c
.
 

n
,T

h
 

cn
R

 
ro

N
O

tT
IO

~
 

N
U

M
BE

~ 
l I

)
•
 

Ff
"'o

 
rf

~
rP

JO
T

tn
~

 
n

F
 

O
A

TA
 

SE
E 

L
fY

A
T

J
'1"

JS
 

l-
~

~
. 

- -
-

· 
--

-
?
R

l-
?

r
q 

tr
,a

n
~

 
O

!T
A

 
F

rP
 

C
1

~
0

IT
IO

'I
 

N
U

~B
EP

 
l
l
.
 

r 
r,

c-
~

E
~

ro
JD

T
T

r~
 

D
F 

O
~T

A
 

SE
E 

L
O

f"
A

T
Jn

N
~ 

l-
~8

. 



TA
BL

E 
1

6
. 

RJ
SE

LA
GE

 L
OA

DS
 D

A.
TA

 L
IS

f 
(C

DN
T)

 

?
1

0
-~

,6
 

tn
J~

~
 

rA
T

A
 

cn
o

 
".

11
~J

O
IT

I0
'1

 
N

U
"-

'R
E 

o 
1

,.
 

rn
P

 
~

f<
;f

P
JP

T
Jr

,"
' 

O
F 

O
A

TA
 

SE
E 

L
 o

c 
AT

 f 
'1

N
~ 

1
-?

~
. 

,~
7
-~

f4
 

Ln
&

n<
; 

n~
T

A
 

F
nP

 
rn

N
D

JT
IO

~
 

N
U

~P
FA

 
1

3
. 

. 
-

J
:(

'0
 

n
f<

;r
~

JP
T

Jr
~

 
0F

 
D

A
TA

 
SE

F 
L

Q
f"

A
T

JO
"'S

 
1

-2
~

. 

,
~
~
-
~
~
,
 

tn
a
n

~
 

n~
T

~ 
l=

("
IQ

 
U

l~
•D

 I
T

 I 
0~

 
Nl

llo
iE

 ~ 
A

 
1

4
. 

Fn
o 

I"
' f

 <
; r

 P
 f 

O
 T

 J
 '1

 .. 
, 

rF
 

D
A

T
A

 
SE

: E
 

l 
or

, A
T 

l'
1

N
S

 
1

-2
8

. 

3
o

3
-4

?
Q

 
I 

(lA
·l"

'C:
:. 

f\
'\

T
h

 
F 

rP
 

,. 
nN

D
 I

T
 I 

0'
1 

N
U

~R
EP

 
1

"
. 

r:
no

 
~

~
~

c
o

y
o

•,
~

~
 

nF
 

D
A

TA
 

SE
E 

L
'l

('
A

T
f~

N
S

 
1

-?
R

. 

4
,1

-4
4

~
 

1 
n

rn
~

 
!"

!'T
A

 
i:

 ('
.Q

 
rn

P
II

D
IT

IO
~ 

N
U

"1
BE

O
 

1
6

. 
cr

,p
 

rF
sr

0
JP

T
JO

~
 

O
F 

O
A

TA
 

SE
E 

Lf
'Y

. A
T

H
1 N

c; 
1

-,
0

. 

't
 4

0
 -

4 
~
 6

 
l 

fl
 A

D 
c: 

O
A

TA
 

►
O
R
 

rn
N

O
JT

IU
~

 
N

U
M

~E
A

 
\"

Y
. 

~
 

tn
·P

 
re

<
;r

o
,p

T
,n

~
 

C'
F 

D
A

TA
 

SE
E 

LO
C

 A
T

Jn
N

S
 

l-
?

q
. 

~
 

IO
 

4
7

7
-~

0
4

 
L

"A
D

~
 

~
h

T
~

 
FO

P 
C

O
N

D
IT

IO
~ 

~U
M

B
ER

 
1

~
. 

S
:(

'P
 

"E
S

C
~

fP
T

Jn
~

 
n

f 
D

A
TA

 
SE

E 
[ 

nr
: A

T
 I

 '1
 r,

? 4
; 

1 
-?

F
J

. 

"0
~

-~
~

1
 

tn
A

n
~

 
~

~
T
~
 

►
Q
Q
 

c
~

~
O

JT
IO

N
 

N
U

M
BE

P 
1

0
. 

rn
o

 
ri

:~
("

q
fD

T
Jn

~
 

nF
 

O
A

T
~

 
SE

E 
L

fl
(A

'!
"J

r1
M

<
; 

1
-?

I:
'.

 

~
~
~
-
~
~
~
 

l~
A

n
~

 
"
'T

~
 

i:
n

p
 

rn
N

O
IT

IO
~

 
N

U
M

BE
P 

7
.0

. 
►
~
0
 

rc
<

;r
~

T
P

T
tr

~
 

O
F 

b
A

T
A

 
SE

E 
L

O
C

A
T

fn
~

~
 

1
-2

A
. 

5
6

1
-5

°
0 

tr
io

~
 

n
ir

a
 

Fn
Q

 
ro

~
O

IT
IO

N
 

N
U

~B
fA

 
71

 •
 

F
rP

 
rE

~
r~

T
D

T
fn

~
 

nF
 

D
A

TA
 

SE
E 

L
O

C
A

T
(n

N
S

 
1

-,
--

. 

~
O

0
-
A

1
~

 
tn

&
n

~
 

r~
T

~
 

c
n

r 
ro

~
D

IT
IO

~
 

N
U

~B
E

Q
 

~
2

. 
F

r,
O

 
~

fS
C

r.
fP

T
Jn

~
 

n
f 

D
A

TA
 

SE
E 

L
n

r&
T

f
()N

S 
1

-n
J
. 

f
l~

-
f
4

4
 
l
~
A
~
~
 

r~
T

t 
F

r0
 

rn
~

n
!T

IO
~

 
~U

M
Pf

P 
2

~
. 

rr
,g

 
n

f~
rQ

JD
T

fn
N

 
nF

 
D

A
Th

 
SE

E 
L

f1
("

A
T

f
'J

l'.
I~

 
1

_
-?

R
. 



C
A

 
:,

, 
~
 

TA
BL

E 
16

. 
R1

5E
LA

GE
 L

O
A

ffi
 D

AT
A 

L
IS

f 
(C

XN
CL

) 

~
4
~
-
~
~
,
 

1
n

A
n

~
 

n4
T

~
 

FC
I>

 
rn

~
D

IT
IU

N
 

N
U

M
R

fQ
 

,4
. 

r=
n

p
 

"E
~

("
l>

J
t"

T
J
n

~
• 

,,
F

 
O

t.
T

~
 

S
F

E
 

lf
'.

Y
A

T
IP

~
S

 
1

-2
A

 • 

••
• 

r=
~

n
 

-·· 



Section X 

INERTIA DATA 

INTROil.JCTI ON 

During exe01tion of the fuselage module, structural design loads are 
canputed £ran inertia and airloads data stored in separate data blocks. These 
blocks are set up during execution of the data processing and design data 
evaluation JOOdules of SWEEP. A data processing feature of SWEEP provides the 
user with t'hU options for transmitting inertia data to the fuselage module: 

1. Input "INERTIA" data block as part of the case data deck. 

2. Input "GENERAL" data block as part of the case data deck. 

The "INERTIA" data block is stored in the mass storage file by the data 
processing module for use by the fuselage module. 

GENERAL DESCRIPTION 

This data block consists of deadweight distributions of the fuselage and 
contents, and the weight, balance, and inertia of external components. Weight 
data sets are provided for the different flight and grotmd design conditions. 
External surface load reactions are calculated by combining the inertia and• 
load factor data with the appropriate ai rloads. Integration of these external 
reactions and the fuselage weight distributions detennine the net longitudinal 
shear and bending moment diagrams. Speed profile data for local panel flutter 
design is also part of this input set. 

SWEEP executes the data management roodule in each case when the "GENERAL" 
data block is included in the case variable data set. Part of the operation 
in the data management module consists of calculation and organization of the 
required inertia data. If the "INERTIA" and "GENERAL" data blocks are both 
included for any case, data computed by the data management module override 
the input "INERTIA" data. For fuselage analysis problems where predetennined 
inertia data are to be used, the "GENERAL" data block must not be used and the 
input data blocks for analysis of any other components must be adjusted to 
account for required data generally inputted with the "GENERAL" data block. 
An alternate method which can be used would be to execute the problem with 
t'hU cases. In the first case , the setup should include the necessary 
"GENERAL" data. block and control instructions to execute all 100dules except 
the structural weight analysis 100dules. The second case setup then should 
include only the "INERTIA" data block plus control instructions to execute 
the required structural weight analysis modules. With this tandem case 
setup, the required design data will be computed and stored in the mass 
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storage file during execution of the first case. These data will then be 
available during execution of the stnx:tural weight analysis m:>dules in the 
second case. Control card 2 for the second case must contain a zero (0) ptD1ch 
in col\llD'l 80 to indicate that mass storage file status resulting fran the 
previous case is to be updated only with input data. 

INPlJf DESCRIPTIOO 

A canplete description of input data locations is presented in Table 17. 
All of the variables are in the fonn to be read by subroutine DECRD. This 
data block must be preceded by a deck identification card "INElUIA." The last 
data card must have a minus sign in column 1. The INElUIA deck setup is as 
follow!>: 

Variable data 

INERTIA 

It is mandatory that the weight and inertia data are in agreement with 
the fuselage loads data. Table 16 presents the relationship between the loads 
and weight arrays. Expanded explanations for those variables which may be 
subject to misinterpretation are: 

•Locations 1 through 6 define the vehicle weight balance and inertia 
characteristics. The data are not required since the data in locations 
8 through 90 sufficiently define the vehicle. 

•Locations 451 through 480 specify the limit vehicle speed-altitude 
profile. These data are not required for subsonic vehicles or if the 
fuselage loads data include the critical local panel flutter speed­
altitude point. 
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Section XI 

MATERIAL PROPERTY DATA 

INTROIXJCTI ON 

The stnictural synthesis procedures of an analytical weight-estimating 
program is not only dependent upon the modeling of general structural ge()JJle­
tries, design loads, and requirements, but also on the modeling of the p·.1ysical 
and mechanical properties of the materials selected for the analysis. '.'l1ese 
material properties are pennanent records in SWEEP which are used by t . e wing 
and empennage, fuselage, and air induction sys tem modules. The fatigue, and 
flutter and temperature modules also require material property data. SWEEP 
is structured to maintain a library of 20 different materials. The materials 
and identification numbers of the current library are presented in Table 18. 
Although the library is part of the pennanent data in SWEEP, the user, in the 
course of configuration selection, might find it inadequate. The following 
paragnphs present data descriptions required to update or add to this 
material library. Refer to Section I for procedures to revise the SWEEP 
permanent data bank. Suggested program deck setup is presented in Figure 16. 

GENERAL DESCRIPTION 

The data for each material are organized such that the mechanical 
properties may be defined for up to six different temperatures. The weight 
modules enter the library with the design temperature, and interpolate library 
data for physical properties at temperature. When data for only one 
temperature set are available, the program will use that set. If specified 
design temperatures exceed the limits in the library, the material properties 
are detennined by extrapolation. The material stress-strain curve fit is 
based on a least squares fit with a straight line plus exponential curve, 
using three points on the stress-strain curve - the proportional limits, the 
yield point, and one intennediate point. 

INPl!f DESCRIPTION 

A complete description of input data locations is presented in Table 19. 

All of the variables are in the form to be read by subroutine DECRD. The 
data must be preceded by two convnent cards which describe the material. These 
coITl!lents are printed by the user modules. The data for each material starts 
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in location 1. Expanded explanations for those variables which may be 
subject to misinterpretation are: 

• Location 1 specifies the material number . The number in this location 
is detennined by the sequence of data in the mat rial property deck; 
i.e., if this is the third set of material data, the set describes 
material number three. 

• Location 5 specifies the reduction of area. This parameter is used to 
define the fatigue characteristics of the material as a function of 
strain. The data for this location is defined by the following 
equation: 

where 

RA= 1 
AF 
AO 

AF= The material cross -section area at fracture 0f a tensile 
specimen 

AO= The initial material cross-section area 

• Location 130 specifies the material endurance limit as a fraction of 
the ultimate tensile strength. This value is for a fully reversing 
loading on an unnotched specimen. lt is used by the fuselage module 
to detennine acoustic fatigue requirement . The value in this 
l ocat ion is replaced by computed data from th fatigue module. 

• Location 132 specifies an estimated material allowable under pressure 
cycling as a fraction of the ultimate t ensile strength. These data are 
used by the fuselage module to determine the cover fatigue allowable. 
The value in this location is replaced by computed data from the 
fatigue module. 

• Locations 133 and 134 specify "n e·timatcd material allowable under 
cyclic loading as a fraction of the ten · il e yie ld strength . Data in 
location 133 define the design allm\·ab l at the wing root and are not 
currently in use. Data in location 134 <lc fine the design allowable 
at the second wing synthesis cut and arc used by the wing module to 
detennine the lower cover fatigue al lowable . Va lues in these locations 
are replaced by input in wing data or by computed data from the 
fatigue module. Input of fatigue a llm able in wing data takes 
precedence over data develop d by the fatigu module. 
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