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PREFACE

This report was prepared by Rockwell International Corporation, Los
Angeles Aircraft Division, Los Angeles, California, under Contract
F33615-71-C-1922, No. FX2826-71-01876/C093. The work was performed for the
Deputy for Development Planning, Air Force System Command, Wright-Patterson
Air Force Base, Chio, and extended from September 1971 to June 1974.

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

Hayase - Mass Properties

G.

R. Hiyama - Mass Properties

D. Chaloff - Mass Properties

C. Martindale - Mass Properties

H. Rockwell - Mass Properties

R. Allen - Mass Properties

P. Wildermuth - Airloads

G. Rothamer - Airloads

T. Byar - Airloads

S. Siegel - Structural Dynamics

S. Mellin - Structure and Fatigue

H. Haroldson - Thermodynamics

D. Konishi - Advanced Composites

C. Hodson - Structural Dynamics

The final report was published in 11 volumes; the complete list is as
follows:

Volume

I ""Executive Summary''

II "Program Integration and Data Management Module"
III  "Airloads Estimation Module"

IV "Material Properties, Structure lTemperature, Flutter, and Fatigue"

V' "Air Induction System and Landing Gear Modules'
VI '""Wing and Empennage Module'

VII  "Fuselage Module"

VIII 'Programmer's Manual"

IX "User's Manual"'

X "Flutter Optimization Stand-Alone Program'

XI "Flexible Airloads Stand-Alone Program'
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INTRODUCTION TO VOLWME VI

The structural weight estimation program (SWEEP) has been developed as
an analytical aircraft structural weight prediction tool suitable for use in
the preliminary design phase of vehicle synthesis. Structure weight estimates
for the three 1lifting surface components of any aircraft design are made by
the wing and empennage module of SWEEP. This volume describes the pro-
cedures and internal operations of the module for:

® Structure and mass properties estimation of wing, horizontal tail,
and vertical tail surfaces.

* Interface with the control and data development modules of SWEEP.

* Optional analysis of primary structures designed with metallic or
advanced composite materials.

® Optional analysis and output of design data for use by the stand-
alone flutter optimization and flexible airloads programs.

Volume VI is organized into eight separate books:

® Books 1 through 3 contain technical information describing the
module, methods used, and the applicable module core maps.

® Books 4 through 8 contain Appendixes A through F, which include

program flow charts and listings for the eight major segments of
the module.

Preceding page blank 27
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BOOK 1

TECHNICAL DISCUSSION, SECTIONS I AND II
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Section 1

MODULE DESCRIPTION

The wing and empennage module 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 effects
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 analysis procedures
programmed 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.

GLENERAL DESCRIPTION

The module consists of routines in level (8,0), (9,0), (10,0), (14,0),
(1s,0), (16,0), (17,0), and (18,0) overlays of SWEEP. It is executed once
for each surface analyzed during a problem case. Design data are processed
into component data arrays for the module in accordancc with design require-
ments for surface type and analysis control information on case control
card 2. Logic is programmed to permit module execution for each component
analysis in stand-alone mode or integrated with other SWEEP analysis modules.

In the stand-alone mode, all design data are input through the input data
decks for the surfaces. The module is executed in conjunction with the input
data processing module in SWEEP, overlay (1,0), and the output module, overlay
(13,0). In the integrated mode of operation, analysis data are camputed by
SWEEP design data development modules. The data are transmitted to the wing
and empennage module through mass storage file records to be processed and
used in accordance to control and analysis information in the input data
decks for the component.

The wing and empennage module consists of major subroutine groupings
designed to perform computational functions related to:

1. Module input data processing of problem design information from
component input data decks, SWEEP data bank, and mass storage file
records containing criteria and design information developed by other
SWEEP modules.*

2. Surface geometry calculation to define and locate all structural
components of the surface.
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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 of variable-sweep wing designs.

5. Detail weight estimates for each element of the torque-box and sta-
tistically derived weight estimates for the other major structural
components of the surface. Mass characteristics are determined for
all structures so that estimates can be made for weight distribu-
tions, centroids, and inertias.

6. Module processing of analysis results for the OUTPUT module of
SWEEP and for output printing of pertinent data.

The eight overlays of the wing and empennage module are logically con-
trolled by SWEFP control program @LAY00, overlay (0,0). The logical order of
their execution and primary computational functions are shown in Figure 1.
The module contains 109 separate subprograms, including the eight overlay
programs. Nineteen of the subroutines are used in two or more overlays.
Table 1 contains an alphabetical listing for all 128 subroutines found in
the eight module overlays.

All problem data for analysis control and/or input of variables to each
of these parts can be made through the input data deck. Module logic is
programmed so that variables input through the input data deck supersede
design data stored on mass storage files. Each component 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
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:

e Variable-sweep wings for which pivot structures and effect of sweep
position are evaluated in the loads and flutter requirement analysis.

e Vertical tails in a T-tail arrangement for which horizontal tail

effects on vertical tail design loads and flutter requirements are
evaluated.
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e Nonlinear surface planforms due to leading edge blending and cranked
trailing edges.

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

e Leading and trailing edge control surface arrangements.

These design features are described by input of specific sets of data.
Module analysis is controlled by input control data associated 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 stiucture 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) and
(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 or. 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 listed, must
be operated under core requirements of 100,000 octal cells. Execution of the
metallic or advanced composite overlays is dictated by control information in
colums 39 through 44 of case control card 2 and assumes that compatible
design infornation is provided in the appropriate locations of the input data
deck. The advanced composite analysis is based on evaluation of lamina
requirements for a balanced, symmetric 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 both metallic and advanced
composite designs is programmed using similar optimization and evaluation
procedures. Synthesis and search options are provided so that torque-box
designs can be optimized or evaluated tc specified structural arrangements
and constraints.

A special option of the wing and empennage module permits the 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. These
programs are independent stand-alone programs also developed under this
contract and are described in Volumes X and XI, respectively. Descriptions
of input and output data for this option can be found in the discussions
under ''Analysis Options,'" of this section.

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 detemmine weight trends for predetermined
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vehicle weight values. Airloads are scaled by the ratios of design gross
weights. Logic is programmed 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. Minimum and maximum rib spacings

2. Minimum and maximum stringer heights
3. Minimum and maximum stringer spacings
4. Number 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 multirib 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 exteral
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 Optimization Program
and the Flexible Loads Analysis Program.

The weight summary 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 casc control card 1. Three gencral types of analysis results
are printed as output data; samples of each can be found in Appendix A of
Volume XI. 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. The third type of module
output is intermediate dumps of selected data during the structural synthesis
search for the torque-box, printed under control of case control card 1 and
data locations 574 through 578 of the input data array. All module data are
printed under control of one control card in each case setup; tierefore,
output from module execution for each surface analyzed will be identical.
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The major output summaries for design data computed during the various
analysis phases of the module are as follows. Associated print control loca-
tions on case control card 1, necessary to order these printed outputs, are
also included.

e Detail torque-box weight and coefficient summaries, colum 37

e Planform and cross-section geometry data, colum 6

e Leading and trailing edge structure weight and distribution summaries,
colum 12

o Fuel distribution summary, colum 18

e Flutter analysis sumary, colum 22

e Material properties, metallic and advanced composites, column 19

@ Airloads summaries, colums 19 and 20

e Initial 1 g intertia loads estimates, colum 21

@ Design loads and deadweight adjustment summaries, colums 24 and 25

® Design synthesis and weight distribution summaries, colum 28

e Total surface calculated inertia summary, colum 36

e Surface structure component and contents calculated mass distributica

data arrays, colum 38

ANALYSIS DESCRIPTION

The wing and empennage module analysis treats lifting surfaces as long,
slender cantilever beams resisting shears and moments through a system of
covers and supporting structures. The wing planform is described by a system
of lines developed by the program from required input data. These lines
describe the positions of the leading edge, trailing edge, torque-box limits,
load reference axis, and synthesis cuts. Pertinent geometric coordinates can
be specified, as required, to describe the torque-box shape, fuel cell
locations, location and geometry of control surface devices, location of

internal concentrated and distributed masses, and locations of externally
mounted stores or nacelles.
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The analysis ‘consists of synthesizing and evaluation of structural
requirements at all analysis control stations on the cxposed panel.  The first
station defines the inboard end of the surface torque-box and the 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.
L>cations 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 synthesized to satisfy the imposed
constraints of vehicle criteria and design. The synthesi. 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 edge, tip, and secondary structural component
weights are computed from program-derived geometric data, statistical 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 intemmal calculations can be made to define
types, sizes, locations, and weight distribution surfaces for mass properties
evaluation. Leading edge structures are 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 numbers are used to specify 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. Two 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 specified. These are
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 arc identified and positioned, weight distribution surfaces
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for the deviuss 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 are processed individually.

The tip is assumed 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 boundaries.

Secondary structure weights are estimated as a fraction of the total outer
panel weight. The weight fraction value may be changed by the user. Weights
for structural attachment provisions are estimated for each 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 maximum vehicle maneuver
load factor, Nz'

Inertia loads are determined at each control station by summation of
1 g shears and moments for structural components, contents, and concentrated
mass items. Numerical 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 characteristics of each itenm
within the panel. These are numerically integrated to control stations
defined on the structural reference axis to produce estimates for strip mass
inertia, weights, and moments. Structure components, contents, and concen-
trated mass items are evaluated separately so that the results can be
processed into inertia loads and mass inertia data compatible with vehicle
loadings at flight design points. Grid size for each of the strip panels can
be controlled by the user with the control data set in locations 1143 through
1154 of the input data array.

Design airloads, shears, and moments in the structural reference system
must be specified at each of the 11 structural analysis stations. The
metallic analysis is limited to evaluation of two loading conditions defining
critical up-bending and down-bending loads. The advanced composite analysis
can evaluate up to 20 different loading conditions. Design loads can be
input at each station, either through the camponent input data deck or by use
of special input deck WHV LOADS. Loads inputted through the component input
data deck will always be used, even if loads data on mass storage 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 combining 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 mounted mass items with the gross airloads values.
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Control data in the input data deck locations 159 through 174 are uscd
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, Ny, and spar shear flow, q, for evalua-
tion of structural material requirements.

In the determination of design loads, initial estimates are made for the
unknown torque-box structure weights and cistributions. The total weight
value may be input or computed 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 b~tween assumed and calculated values. In the programmed
procedures, adjustments are made for the next weight and distribution sets,
to account for changes in cover load intensities due to the 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 semiempirical method is used to
estimate initial values of required torsional stiffness, GJ, at each station.
Procedures are programmed for analysis of fixed surfaces, variable-sweep sur-
faces, and 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 procedurc 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 affccted webs are saved for later processing by weight
analysis and output print routines.

For metallic structures, section stiffnesses are evaluated in terms of
section J, assuming that material modulus of rigidity, G, is constant. In
the section stiffness calculations for advanced composite structures, the
evaluation accounts for the different values of G contributed by each web.
The value of G for each web laminate is based on the number, stiffness
characteristics, and orientations of the constituent plies.
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Metallic torque-box structures can be synthesized for either stiffened
skin multirib or plate multispar designs. The stiffened skin multirib design
options are riveted Z, integral Z, integral I, and riveted angle. Plate and
honeycomb panel cover designs are evaluated for multispar constructions.
Advanced composite designs can be evaluated for stiffened skin multirib, plate
multispar, and full-depth honeycomb sandwich constructions. Cover stiffener
configurations for multirib constructions include integral !, Z, T, and hat
concepts. Multispar options include single-plate or honeycomb panel covers.

Cover synthesis for stiffened skin multirib construction is based on
determining practical cover geometrics that satisfy (1) stress conditions for
strength, local stability, or general stability, and (2) constraints of
specified minimum gages and stringer geometries. The effective cover material
resulting at any specified operating stress level during the analysis is
distributed into skin and stringer material. Stringer material is further
distributed to satisfy stability and minimum gage conditions, resulting in
stringer geometries of height, flange widths, and gage. An added constraint
in metallic designs is the minimum ratio of stringer thickness to skin thick-
ness, used to account for adverse stringer-skin interface coupling effects.

The synthesis of metallic multirib structures requires three levels of
search. In the first level, stringer spacing is the primary search param-
eter. The second level involves determination of optimum operating stress
levels for the assumed stringer spacing. The third optimization level is
designed to determine optimum distributions for available cover material based
on assumed stress level and stringer spacing, values assigned by the second-
and first-search levels. The search is made on the basis of assuming search
parameter values for skin gages and synthesizing stringer geometries for
the specified stringer concept from available material. The distribution
logic is programmed to maximize area moment of inertia for the skin/stringer
section, selecting designs only within the specified constraints for stringer
geametries and element minimum gages.

For each search loop total cover, support structure and attachment
requirements are determined for the assumed parameter values. The value that
produces minimum total structure requirements is selected. Resulting desigr
information is then used for lower-level search operations. This synthesis
approach can be controlled to analyze constant spacing or constant number of
stringer arrangements. Rib synthesis is based on spring rate requirements
for cover colum support and for induced rib loads due to cover flexure.

The metallic multispar design option involves synthesis of skin and cap

material for specified spar spacing or constant number of spars. The approach
considers the effectiveness of intermediate spar caps in resisting bending
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loads. Spar webs are sized to similar conditions as rib webs and are assumed
to be corrugated. For honeycomb cover construction, strength effect of
inserts at the spars and effect of panel thickness on cover stability are
considered.

The search logic programned to synthesize structures for the construc-
tion concepts discussed previously involves the determination of minimum
required cover/support structure material necessary to resist design loads.
Limits on search parametcers constrain the search within discrete values so
that the configurations for the selected structures reflect practical designs.
User inputs can be used to control search parameter values and thus bias the
search toward selections of configurations that are more representative of
final design concepts. Multiple options programmed allow the user to select
one of three types of search procedures:

1. Optimization at each structural station within minimum and
maximum values for applicable search parameters:

e Stringer or spar spacings

e Number of stringers or spars

e Ratio of skin gage to total cover t
® Rib spacing

e Stringer heights

Search values for these parameters are specified in locations 365
through 384 of the input data array.

[38)

Total torque-box weight optimization search in which the search
procedure determines the single value for spacing or number of
stringer/spar eclements that produces the lightest torque-box design.
The selection is dependent on the construction and the analysis

mode - spacing or number-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 predetermined values of sizing parameters
with values specified discretely at each analysis station. Param-
eter values are input through ..ta sets in locations 721 through
808. These input values supersede the inputs of item 1, and the
analysis mode for item 2 should not be used.
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In all cases, synthesis results retlect cover/support structure configu-
rations that are sized to strength allowables (P/A stresses), or to allowable
stress/material distribution relationships which are based on requirements
for (1) general instability as colums or panels or (2) local 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. Cap materials
are effective bending materials; therefore, they are assumed to vary with
cover t requirements.

Synthesis procedures f.r multirib and multispar advanced composite
structure designs are similar to the approach used for metallic structures.
The following items describe the major differences primarily due to assump-
tions 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 duc to combined effects of inplane axial and
shear loads.

4. Laminates are synthesized with integer number of lamina. Minimum
plate thicknesses are based on requirements for a balanced 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 0- or 90-degree plies, or two each of *45-degree
plies only, or combinations of all. For honeycomb panels, laminate
plies are assumed to be equally divided between the inner and outer
face sheets.

5. Addition of *45-degree plies only are made to increase stiffness
levels of panels with inadequate stability 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 h- specified for the upper and lower

covers. However, the spacings or number of elements in each cover
will remain the same.
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8. Stringer areas consist of 0-degree longitudinal plies only. The
synthesis procedures for determining allowable stresses and cover
material distributions are programmed 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 filler material, replacing relocated 0-degree

~lamina, for attachment hole drilling.

11. Lightning protection material (aluminum flame spray) is assumed 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 advanced
composite structures, three optional synthesis procedures are available:

1. Sizing skin requirements so that the sandwich structure will be
stable for specified core type and densities.

[ Q)
.

Sizing skin laminates to strength requirements and detemmining
required core densities to satisfy stability requirements.

3. Sizing for optimum skin/core combinations to satisfy strength and
stability requirements.

Front and rear spars for these designs are analyzed with the same procedures
used for multirib and multispar designs. Evaluation for torsional stiffness
is also the same.

Lvaluations for structural provisions for major rib bulkheads and
chordwise splices are made when user input data direct analysis routines to
cstimate 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, geometry, and material parameters.

Synthesis of variable-sweep wings consists of the evaluation of idealized

torque-tex structure, as previously discussed, and synthesis of pivot
structure. Pivot estimates replace the idealized structure in the appropriate
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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 design 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 volumetric integration of
the optimized structural elements to which weight indexing factors are
applied. Weight increments for unique and for local structural discontinui-
ties, cutouts, doors, etc, are determined through control indicators and
weight factors.

Selection of proper material alloy must be made and specified to the
module by the user, with consideration made to the temperature and fatigue
environment to which the material will be exposed. Consideration must also
be made as to the effects of exposure time at temperature on material
allowables. Design concepts will dictate whether the selected material
should reflect properties of type of alloy and form - sheet, plate, or
extrusion. The selected material is specified in the input data set by a
material code number; i.e., in location 258 for the torque-box, and location
196 for the pivot lugs. Materials are selected from sequentially stored
material property data sets in the material library of the SWEEP data bank.
The selected material is identified by code number corresponding to the data
set in the library. The contents of this library are presented in
Section XI of this volume.

Practical minimum gages for the selected material should be specified
by the user. The values used should be compatible with fabrication require-
ments for the material and structure concepts being evaluated.

Design temperatures are defined for each material selected in locations
159 and 197, respectively. Zevo values in these lucations will result in
placement of SWEEP computed temperature values for analysis. Temperature
properties are determined by straight-line interpolation of properties
versus temperaturc data included in the library data set.

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 material properties are
boron/epoxy and 2024-T4 barc aluminum sheet. Material changes must be made
with data in the input data sct of the camponent.
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ANALYSIS 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 colums 1 through
44, 71, 72, 75, 76, 78, 79, and 80 affect processing of module input data
blocks and module execution. Execution of module analysis options are
affected by control data in the input data deck for each surface. Setup
requirements for four of the major options are explained in the following
paragraphs.

Surface Types

Each wing and empennage 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, columm 75 for horizontal tail, and
column 76 for vertical tail. During data processing of case data blocks, a
module input data array is set up for each component to be analyzed. The
array is initialized from either the SWEEP data bank permanent data sets or
the module input data block from the previous case, based on status of
colum 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 variable 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 existence of an
input data block.

Internal module logic requires that location 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 panels

General Data Processing Option

Vehicle and design criteria data input through the GENERAL 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 information which
is also input through component input data decks. These design data arc
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set up as a separate wing and empennage module input data array. The array
data are processed as required during module execution into the camponent
input data array only if the respective variable-data array location is set
to zero. For some variables, the transfer is governed initially by a zero
value in a control location assigned to the set. Data and control locations
affected by module input data processing logic are as follows:

e Vehicle gross weight, load factor, fuel, and useful load data
locations 81, 85, 86, 87, 88, 89, 91, 93, 94, 96, 98, 100, and
1280. Control word in location 88.

e Surface-type code in location 289 only for vertical tails. Set
to zero for wing.

e Planform geometry parameters in locations 240 through 249 are
processed only if location 240 is zero. The value in location 138,
planform sweep reference chord element line, is replaced if location
242 is zero.

o Surface positioning data in locations 175, 177, and 178 are set to
zero, and the value in 176 is set to calculated value.

e Load reference line location in location 239.

e Torque-box analysis control stations, location 865 through 875,
are replaced if location 865 is zero. The code value in location
864 is then set to 2.0.

e Inertia deadweight control word in locaticn 110 is always set to
zero for vertical tails and to 1.0 for wing, and is not examined
for horizontal tail.

e Torque-box design temperature in location 259.

o Pivot design material, location 196, and design temperature,
location 197, are examined cnly for wings and if location 200,
pivot spanwise locator, is not zero. Locations 196 and 197
are set to values in 258 and 259 if zero values are input.

e Pivot design data, locations 200, 201, 202, 203, 157, and 199,

are cxamined and transferred for wing designs only after
initial tests for material and temperature.

50


http://www.abbottaerospace.com/technical-library

s sl

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

e Variable-sweep winyg flutter data for aft wing position,
locations 320, 321, 322, and 323, are controlled by the
value in location 320.

e T-tail vertical tail flutter data, locations 310, 335, 337,
338, 339, 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.

e T-tail code word for horizontal tail inertia calculations for
vertical tail flutter analysis in location 204. This item is
processed during horizontal tail execution only and is set to zero
for vertical tail and wing.

o Fuel cell 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.

e Miscellaneous surface content weight to be distributed
uniformly on the torque-box planform for inertia calculations,
location 1820.

e Surface contents to be approximated with a spanwise line
distribution for inertia claculations, locations 1821 through 1827.
If the weight location, 1821, and the outboard point of the
distribution line, 1823, are zero, then the data set information
is changed to reflect calculated weight distribution along the
structural analysis reference line between control station 1
and the tip.

e External 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 assigred to specific mass components,
and transfer of data is made only if the spanwise location
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parameter (the sccond data iten in each set) is zero. ltems 1
through 4 are for external stores, items 5 and 6 are for wing-
mounted nacelles and contents, and item 7 is for wing-mounted
landing gear structures. Calculated inertia data (pitch,

roll, and yaw) are available for transfer only for the nacelles.
Therefore, required data must be input for the other mass items
for module estimates of inertias. If data for inertia
calculations are not input (items 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 longitudinal
location for each mass (item 3) is transferred as fuselage
station values; thus, the spanwise location parameter valu:

(item 2) is set to a negative value to indicate fuselage station
values. )

Torque-Box Design Option

For each surface, the metallic or advanced composite structure synthe-
sis routines are executed in accordance to the values (00) and (01), respec-
tively, punched in colums 39 through 44 of case control card 2, 39 and
40 for wing, 41 and 42 for horizontal tail, and 43 and 44 for vertical
tail. Torque-box construction is specified with code information in loca-
tions 361 and 461 for metallic structures. Advanced composite construction
information is specified by code in locations 430 through 438.

Design Data Generation Option for the Flutter Optimization and Flexible
Loads Analysis Programs

Design data for the stand-alone Flexible Louds Analysis and Flutter
Optimization Programs can be calculated and punched on data cards for
usc as input data sets for these programs. Calculations for these options
are based on code information 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.
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Lach program requires data which are cvaluated at predetermined con-
trol stations and referenced to one of the two 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 and 11 structural system strips for the Flutter
Optimization Program.

Mass properties data must 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
summation logic in each system is designed to compute for output the
total mass distribution for a specified vehicle loading condition. Remain-
ing 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 status for flexible loads design loading and flutter design
loading. Lstimated full-capacity fuel mass properties data for each fuel
cell are scaled to the desired fuel level.

Provisions are made to process two sets of externally mounted con-
centrated mass items so that effects of store/external fuel configurations
can be evaluated by the flexible loads and flutter optimization programs.
A loading status schedule similar to that for fuel usage is provided.

During the structural synthesis/weight analysis of lifting surfaces,
geometry, design loads, and structural design requirements are evaluated
at 11 control stations. Torque-box structures are synthesized at these
stations. Unit spanwisc weights arc determined; then, estimated weights
are calculated by integration between these stations. Bending stitfness,
1T, and torsional stiffness, GJ, are computed from the synthesis data
at cach station. Thesc synthesized data provide the necessary distribution
data for computing the required data for the flutter optimization and
flexible loads analysis programs.
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MESTGON FEATURES

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 information 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 approximating planform
and cross-section characteristics. Computations are made by subroutines in
overlay (8,0). Computed data are processed and saved for use by all other
overlays of the module.

Reference lines are computed to describe theoretical trapezoidal planform
properties from standard aerodynamic geometry parameters of lifting surfaces;
i.e., area, aspect ratio, taper ratio, sweep, and thickness ratio. Descriptive
details to supplement these inputs are specified in terms of either actual
dimensions in inches or fractional values of trapezoidal parameters. Detail
surface characteristics are described through data sets assigned to input
specific types of geometry information, as 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. The data set control word is item 12 of each set. The input
information is used to describe local delt: chords from the trapezoidal leading
and trailing edge lines at up to 11 spanwise points. Intcrpolations 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 maximum airfoil depths at that station. Values
for the reference depth are evaluated as functions of the spanwise location
and assuming linear depth variations between spanwise control stations; the
maximum depths at the control stations are derived as the product of the true
aerodynamic chord and the specified thickness ratio at that station. Thus,
cross <ections of lifting surfaces are described by values defining surface
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maximum depths and airfoil type at discrete spanwise locations. One of two
data sets can be used for these specifications.

The first data set, locations 243, 245, 141 and 142, is required input
used to specify linear variations in airfoil maximum depths between two span-
wise stations, generally the centerline and the theoretical tip. Locations 243
and 245 are thickness ratio values to be used at the spanwise station defined
in locations 141 and 142, respectively. If the station values of 141 and/or
142 1ocate control stations at intermediate spanwise locations, additional con-
trol data for the centerline and/or tip station are generated. The maximum
depths of these stations are based on the thickness ratio specified in loca-
tions 243 and 245, respectively (assumes constant thickness ratio between
these created control station and the adjacent input control station).

The second data set, locations 2031 through 2052, is used to specify air-
foil depth and control stations at up to 11 spanwise thickness ratio distribu-
is used to describe planforms with nonlinear spanwise thickness ratio distribu-
tions and for closer depth definitions for planforms with blended leading
edges and/or cranked trailing edges. Processing of data set information is
specified by a nonzero value in item 2 of the data set. During detail evalua-
tion 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 indicates to the geometry
routines the evaluation procedure and data sets to be used: (1) evaluation
based on curve fit equations of airfoil depths, or (2) evaluation based on
straight-1line interpolation of normalized depth versus chordwise location
table data.

A value of 1 through 8 will result in data set selection of polynominal
constants for airfoil depths from the SWEEP data bank (locations 1 through
99 of the airfoil data array). This option will result in constant airfoil
shapes for all spanwise stations, as represented by the code. Code values
and corresponding airfoil shapes are as follows:

1 = 630C-series airfoil
2 = 6400-series airfoil
3 = 6500-series airfoil
4 = 06600-series airfoil
5 = Wedge airfoil
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maximum depths and airfoil type at discrete spanwise locations. One of two
data sets can be used for these specifications.

The first data set, locations 243, 245, 141 and 142, is required input
used to specify linear variations in airfoil maximum depths between two span-
wis - stations, generally the centerline and the theoretical tip. Locations 243
and 245 are tnickness ratio 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 intermediate spanwise locations, additional con-
trol data for the centerline and/or tip station are generated. The maximum
depths of these stations are based on the thickness ratio specified in loca-
tions 243 and 245, respectively (assumes constant thickness ratio between
these created control station and the adjacent input control station).

The second data set, locations 2031 through 2052, is used to specify air-
foil depth and control stations at up to 11 spanwise thickness ratio distribu-
is used to describe planfcrms with nonlinear spanwise thickness ratio distribu-
tions and for closer depth definitions for planforms with blended leading
edges and/or cranked trailing cdges. Processing of data set information is
specified by a nonzero value in item 2 of the data set, During detail evalua-
tion 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 indicates to the geometry
routines the evaluation procedure and data sets to be used: (1) evaluation
based on curve fit equations of airfoil depths, or (2) evaluation based on
straight-1line interpolation of normalized depth versus chordwise location
table data.

A value of 1 through 8 will result in data set selection of polynominal
constants for airfoil depths from the SWEEP data bank (locations 1 through
Y9 of the airfoil data array). This option will result in constant airfoil
shapes for all spanwise stations, as represented by the code. Code values
and corresponding airfoil shapes are as follows:

1 = 6300-series airfoil
2 = 6400-series airfoil
3 = 6500-series airfoil
4 = 06600-series airfoil

5 = Wedge airfoil
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6 = Arc airfoil
7 and 8 are not used

The code value of 9 specified in location 143 identifies the straight-line
interpolation option. Data in locations 145 through 152 are required. This
subset provides the option of specifying airfoil shapes at up to four span-
wise control stations, locations 145 through 148. Airfoil shapes to be used
are identified by code in locations 149 through 152, These code values cor-
respond 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 planform geometry information 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 structual analysis refer-
ence line locations on the surface planform. Torque-hox reference lines not
on constant chord element 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
specified for station positioning in data array locations 865 through 875,
wmder control of torque-box geometry control word in location 864.

Detail torque-box gecometry can be input by using the data set in loca-
tions 864 through 919. Processing of input data is dictated by the code value
of location 864. This data set is organized into 1l-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 theoretical trapeczoidal surface area value when
options for blended lcading edge, cranked trailing edge, or variable thickness
ratio descriptions are used, or when input torque-box depths describe nonlinear
variations between the exposed root chord and the eleventh station. The area
value in location 340 directs the geometry evaluation routine to compute sta-
tion chord and depth data for flutter analysis based on trapezoidal properties,
in accordance with derivation assumptions for the estimation equations.

Values for locations 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 licu of data in locations 241 through 246. The data set
in 340 through 345 may be used also to specify adjusted planform geometry
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parameters for flutter analysis, particularly location 343, used to compute
the exposed panel length for flutter requirement estimates.

Surface Configuation

Variable-Sweep Wing Designs

Data for variable-sweep wing pivot analysis are input in locations 195
through 203, with location 200 as the control data for module execution.
Colums 3 and 4 of case control card 2 must contain control code value of
(01) for SWEEP evaluation of pertinent airloads and flutter design data.
Flutter requirement evaluation by the wing and empennage module consists of
detemining 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 must be available in locations 252, 253, and 254 for the for-
ward position, and locations 320 through 324 for the aft sweep position.
The geometry routines of overlay (8,0) compute the necessary geometric’
parameters for flutter analysis of the wing in the aft sweep position. '

T-Tail Empennage Designs 3
Empennage configuration is indicated to SWEEP through code information
in colums 5 and 6 of cuse control card 2; T-tail code is (01). This.code
will cause proper evaluation of airload and flutter analysis data for the
wing and empennage module evaluation of the vertical tail. Input data for
the vertical tail must contain additional information for 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 seneral flutter
evaluation control word. Data in locations 252, 253, and 254 must be avail-
ahle, 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 the proper values for:
analysis. Method one is to specify the value through input data location
o, the second method is to excecute the horizontal tail so that the cal-
culated yaw inertia value will be available for the vertical tail analysis.
This option will be executed if location 205 of the horizcntal tail input
data array is specified as 1.0, and location 360 of the vertical tail input
data array is set to zero. Subroutine WPDATA, overiay (17.0), computes the
necessary infonnation during evaluation of the horizontal tail, storing the
values on record 38 of mass storage file 1. During the execution of the
vertical tail, subroutine CONTL, overlay (8,0), processes the record 38 data
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into the variable-data array. The information is used during execution of
subroutine GJIT by flutter analysis subroutine GJCAL, overlay (16,0).

Leading and Trailing Edge Structures

Computations for weight and mass distribution information are made by
overlay (14,0) subroutines. Estimation procedures are programmed in these
subroutines to obtain:

1. Weights and centers of gravity of each major leading and trailing
edge structurai component

2. 1-g inertia loads - shears, bending moments, and torsional
moments - due to the weight distributions of the leading and
traiting edge structures

3. Weight inertia characteristics of the distributed structures

The 1-g inertia loads are used during evecution of overlay (16,0) to compute
initial estimates of 1-g inertia loads. Data resulting from items 1 and 3
are used by overlay (17,0) during processing of module output data.

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, and 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. The control word
for existence of a leading edge device is item 1 for each device. Program
estimates for the specified device 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
cdge devices that can be analyzed are in locations 1530 through 1575.

Trailing edge control surface device data sets are in data array loca-
tions 1580 through 1819, consisting of subsets for device type and location
specifications, weight estimation constants, and weight distribution con-
stants. Spoiler types are defined in locations 1580 through 1609, with
item 1 as the control word for evaluation, and item 8 as the control word for
statistical weight estimation. Locations 1610 through 1729 are organized
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into six subsets of 20 items each for specifying the flap-type devices.
Subsets 1 through 4 are used for wing analysis; the first three for flaps,
and the fourth set to be used to identify ailerons or flaps. Elevators 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 existence of a device. Item 19 is the input unit weight
location which determines if program statistical estimates are to be male.
Weight estimation constants for all device types are in locations 1730 through
1794. Locations 1795 through 1819 contain constants for breakdown of fiap-
type weights into panel and support components and for estimates of chordwise
distributions of support weights.

Miscellaneous Structure and Deadweight Mass Items

Computations for weight and mass distributions of miscellaneous structures
and dead weight mass items are made by overlay (15,0) subroutines, except for
secondary structure weights which are derived during computations of the
torque-box weights. The output requirements for overlay (15,0) are the same
as those for overlay (14,0); they are used by the same downstream subroutines.

Secondary Structure

Estimated weights for secondary structural provisions, fillets, exterior
finish, doors, etc, are assumed to be a fractional amount of the estimated
outer panel weight. Location 603 contains the weight factor value used to
compute this weight. The spanwise distribution is assumed to be pioportional
to the torque-box weight distribution.

Tip Structure

1ip panel weights for the surface are estimated if the value in data array
location 139 is less than 1.0. The data set in locations 1955 through 1969
is used in the statistical estimation. Subroutine MISONT, overlay (15,0), com-
putes the necessary information for tip structures from this data set.

Intemal Fuel

Intemal fuel and fuel system descriptions are defined by data in locations
206 through 219. The nccessary computations are made by subroutine FDIS,
overlay (15,0). Two {uel 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
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locations 89 through 97 and 159 through 166 are used to determine fuel cell
content inertia data for net design loads calculations.

Data in locations 272 and 273 are used to specify fuel cell loads for
computations of mass distribution data for the Flexible Loads Analysis Pro-
gram. Location 276 and 27’ are used for Flutter Optimization Program data
calculations. These items are processed during execution of subroutines WFLDD
and WVFDD, overlay (17,0).

External Concentrated Mass ltems

Subroutine CDL, overlay (15,0), processes the input data sets used to
describe concentrated mass items.

Seven external concentrated masses can be described through data array
locations 1855 through 1938. Twelve locations are used for mass item; 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 con-
trol word for each set. Mass items 1 and 2, locations 1855 through 1878,
define the masses to be treated as expendable items. Inertia load effects
for computations of net design airloads are controlled by data in locations
98 through 101 and 167 through 174.

Inertia effects for mass data calculations for the Flexible Loads Analysis
Program and the Flutter Optimization Program are controlled with data in
locations 274 and 275, and 278 and 279, respectively. Subroutine CDL computes
the required mass distribution information which is ordered for output for the
Flexible Loads Analysis Program. Mass distribution effects of concentrated
mass items are =2termined by subroutine WVFLD, overlay (17,0), from the output
of CDL and the control information in 278 and 279.

Miscellaneous Internal Contents

Internal mass items other than structure, fuel, and fuel systems are
processed by subroutines MISCNT and MISCIT, overlay (15,0). Input specifications
for internal mass items are described in locations 1820 through 1854. Mass
data described by this data set is used for inertia loads and mass inertia
calculations. Three data subsets are available for describing the mass and
distributions. The first, location 1820, defines wniformly distributed
weights within the torque-box. The second, locations 1821 through 1836, is for
describing items that may be approximated as distributed weights along span-
wisc lines such as control surface actuation, controls, and power lines. Two
sets of distribution lines are provided for; each set requiring weight,
distribution line position, and spanwise weight distribution specifications.
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The third set, locations 1837 through 1854, is used to specify weight and
locations for up to six concentrated masses, such as large control surface
actuators and fittings.

Structural Desigr Data

Deadweight

Structure weight and mass distribution calculations are always made by
the module. 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 deadweight data are to be used during calculation of
net design loads.

Subroutine FD1S, overlay (15,0) uses the information in location 144 to
compute initial torque-box weight distributions, necessary for estimates of
total structure inertia loads. This output is used by overlay (16,0) during
computations of initial design loads. Final torque-box weight distributions
are determined from the synthesis/weight analysis results - overlay (10,0) for
metallic torque-box structures, and overlay (18,0) for advanced composite
to.ue-box structures. Mass distribution characteristics of the torque-box
are determined in overlay (17,0).

Torsional Flutter Requirements

Module calculations of flutter stiffness requirements are controlled with
data in locations 251 through 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 irput 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 through 356.

Flutter requirement estimates are made during execution of subroutine
GJCAL, overlay (16,0). Output from this routine consists of the design
values for required torque-box torsional stiffness, GJ, used by the structure
synthesis subroutines in overlays (10,0) and (18,0). Geometry and pertinent
design information are computed and processed by subroutine GE@MW, overlay
(8,0), for use by GJCAL.
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Design Loads
Airloads data for module analysis can be defined by three options:

1. Analysis by the SWEEP airloads module or input through the
WHV LOADS data deck

2. Module calculations of required airloads data
3. Input of design load values in the coumponent input data deck

The first option requires no data inputs in the component data deck except

for a control word in location 205 to indicate the type of loads data process-
ing to be used. The second option requires appropriate data in locations 205,
255, 256, 257 and, as required, in locations 232 through 239, The data set
in locations 220 through 231 is used to define concentrated airloads data at
two locations on the planform, if applicable. Load values computed from this
data set are additive to the values computed from distributed airloads. In the
third option, design values for airloads are input using the data set in loca-
tions 260 through 270, 686 through 719, and 1019 through 1040. Input of
torque-box average load intensities instead of shears and moments can be made
with data in locations 953 through 1007. These data are processed under con-
trol of the code value in location 686. Use of this option results in
replacement of SWEEP or module calculated loads data with the input values,

All calculated or input load values are assumed to be for the limit load
condition. Computed net design loads are factored with the value found in
location 122 to derive ultimate design loads. The synthesis and stress analy-
sis procedures are based on ultimate loads and stress allowables,

Design airloads information is processed initially by subroutine AL@AD,
overlay (16,0). For metallic torque-box analyses, subroutine PRAG, overlay
(9,0), controls the computations for torque-box design loads. Design loads
for advanced composite analysis is processed by subroutine ACL@AD, overlay
(18,0). Subroutine ACPRJG of this overlay controls the computations for
torque-box design loads.

The constants in locations 931 through 952 are cover compression and
tension load calibration factors. Computed cover load intensity values are
multiplied 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 loca-
tions 842 through 863. These data items are used by the structural synthesis
subroutines in overlays (10,0) and (18,0).
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Torque-Box Design Synthesis

Data sets used for definitions of torque-box design are in locations 361
through 470, 521 through 528, 597, 598, 599, 650 through 671, and 721 through
830. Some of the more important data items in these locations are discussed
in the following paragraphs. Overlay (9,0), (10,0), and (18,0) subroutines
use these inputs during the synthesis/weight ar ysis calculations.

Construction Concepts

The torque-box construction concept for metallic design is specified by
code word in locations 361 and 461. Location 361 specifies the stringer type
to be used for multirib designs, while location 461 specifies multispar/
plate or multispar/honeycomb panel designs. Multirib analysis requires that
location 461 be zero and, for multispar designs, locations 361 should be set
to 2.0. The values in locations 365, 366, and 375 through 384 must be com-
patible with the construction concepts. These items are organized for multi-
rib designs. In the multispar analysis, data assigned for ribs and stringers
pertain to intermediate spars; the webs are defined by rib data, and the caps
are defined by stringer dat>. The value in location 382 is the number of
stringer or intermediate spar elements, 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. Multispar/honeycomb panel
data are defined in locations 462 through 468.

Advanced composite construction concepts are specified in locations 430
through 438. Data in locations 375 through 384 and 399 are used for multirib
analysis, and data in locations 380 through 383 and 399 are used for multispar
plate and honeycomb panel designs. The honeycomb panel data in locations 462
and 464 through 468 also are used for the multispar 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 composite analysis.

Support structure concepts for metallic designs are limited to corrugated
sine wave webs for ribs and intermediate spars, and stiffened plate webs for
the front and rear spars. Data for these components are specified in loca-
tions 400 through 406 for ribs and intermediate spars, and 410 through 426
for the front and rear spars. Corrugated web or honeycomb panel concepts can
be specified for advanced composite structures, using construction code values
in locations 435, 436, and 437. Honeycomb panel core thickness for these
structures are defined in locations 457, 458, and 459, respectively. Data in
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locations 427 and 428 are needed for the front and rear spar advanced
composite analysis. Advanced composite intermediate spar cap areas are
derived from cover skin thicknesses based on the factor in location 429.

Torque-Box Analysis Constants

Minimum gage values for metallic analysis are in locations 370 through
374 and 394. The constants in locations 61, 1472, 1479, and 1480 are used
as minimum thickness values foi splice and bulkhead calculations. Minimum
gages for advanced composite structures are based on minimum laminate layup
consisting of eight layers of lamina. Lamina thickness is specified in data
location 1162 as part of the material properties data set for advanced com-
posite analysis. Locations 440 through 443 are the minimum number of 0-degree
plies to be used for upper and lower cover stringer designs.

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 colums

® Locations 401 and 402 - Local and general-stability coefficients for
rib and intermediate spar webs, sine wage corrugation

® Locations 550 through 573 - Table of plate aspect ratio versus stabil-
ity coefficients for evaluation of shear stress allowables for front
and rear spar webs

Stability coefficients for all advanced composite plates and webs, except
stringer elements, are analysis routine constants or derived values. Stringer
element coefficients are in locations 598 and 599.

Ultimate Allowable Stresses

Ultimate allowable stress cutoff values for metallic designs can be
specified in terms of actual stress values or fractions of the material ulti-
mate stresses, Data locations for input of these vaives 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.
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Weight Calibration Factors

The final estimated weights for lifting surfaces are computed by the
application of weight factors to derived weights for each of the major
structural components of the surface. Specified coefficients are first
applied to the structural elements assigned to these components. The total
sum of all the major components is then adjusted by a single total surface
coefficient, specified in data array location 250.

The major structural components and the weight coefficient data locations
are listed in the following paragraphs. Data sets containing element weight
coefficients are also identified.

Torque-Box Structure

The coefficient value in location 600 is applied to the outer panel
torque-box weight. This coefficient is not applied to the incremental
weights necessary to satisfy flutter stiffness requirements. Torque-box
element coefficients are in locations 604 through 627. Shear-tie weight
factor is in 520. Locations 1288 through 1294 contain weight factors for the
structural attach weights computed for the seven external concentrated masses.
The data set in locations 650 through 660 is used to indicate locations of
major bulkheads and as weight factors. Locations 1088 through 1107 contain
individusl panei weight factors and input incremental weights for calibration
of torqu--box weight and panel distributions.

Pivot Structure

The data set in locations 530 through 536 contain weight coefficients for
the pivot structures. Location 530 is the total pivot factor.
Center-Section Structure

locations 481 through 505 contain the center-section weight coefficient
data set. The total center-section factor is location 481. The other factors
are organized and used in the same manner as the outer-panel torque-box data.
Leading Edge Structure

The total leading edge structure weight coefficient is in location 601.
Individual fixed leading edge factors for wing, horizontal tail, and vertical

tail are in 1206, 1216, and 1226, respectively. Weight factors for the three
control surface devices that may be spzcified are in 1509, 1519, and 1529.
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Trailing Edge Structure

The total trailing edge structure weight coefficient is in location 602.
Individual fixed trailing edge factors for each surface type are in 1236,
1251, and 1266. Spoiler coefficients are in 1588 and 1603; wing flap-type
control surface coefficients are in 1629, 1649, 1669, and 1689; elevator
coefficient is in 1709; and rudder coefficient is in 1729.

Tip Structure

Location 1956 contains the weight coefficient for surface tip structure.

Secondary Structure

Location 603 contains the weight coefficient for secondary structures.
Secondary structure weights are estimated with this factor applied to the
total weights computed for the surface, before application of the specified
total surface factor in location 250.
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MONULE STRUCTURE

The overlay subroutine structure for each overlay of the wing and empen-
nage module is shown in Figures 2 through 9. These overlays are presented in
the general order of execution. The order of subroutine execu:ion by the pri-
mary control routine is left to right. Table 2 contains names and short des-
criptions of the subrcutines required in each overlay.

MODULE EXECUTION

SWEEP is restricted to operate as a two-level overlay program, thus, the
wing and empennage module overlays are executed as chain programs. SWEEP con-
trol program PLAYOO contains the necessary logic for execution of all module
overlays. Horizontal tail surfaces are analyzed first, followed by analysis
of vertical tails, and last, the wing. The internal control codes used by
@LAY00 to determine if each surface is to be analyzed is stored in locations
2, 5, and 6 of array IFL, labeled common block IFL@W. (Table 8, Volume II,
'"Program Integration and Data Management Module''). The contents of these
cells are as specified in colums 72, 75, and 76 of case control card 2
(Table 4, Volume II). @LAYOO stores the proper code value used to identify the
surface type being analyzed in location 2 of array XMISC.

Program @LAY00 also selects the torque-box structural synthesis/weighf
analysis overlays to be executed for the surface - overlay (9,0) and (10,0)
for metallic designs, and overlay (18,0) for advanced -omposite designs.
Execution is dictated by the cortents of IFL array locations 11 through 13,
as specified by input control codes on case control card 2, colums 39
through 44.

Program @LAY00 prints module execution heading data for each surface ana-
lyzed if directed by print control code in colum 40 case control card 1
(Table 3, Volume II). The printed heading identifies the surface, the gen-
eral torque-box material type, and the module overlays to be executed.

EXECUTION OF METALLIC TORQUE-BOX DESIGN OVERLAYS

The metallic torque-box analysis overlays (9,0) and (10,0) are executed
in tandem. Overlay (10.0) is executed under control of subroutine TB@PT in
overlay (9,0). The function of overlay (10,0) is to synthesize torque-box
structure and evaluate the structural weight requirements to given sets of
criteria specified by subroutine TBPPT. The analysis loops for gross weight
passes and deadweight iterations are controlled in the logic the between sub-
routines PRJG and TBPPT of overlay (9,0). Overlay (10,0) is executed based
on these controls plus the optional optimization loop control by TB@PT.
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The TB@PT logic requires six calls to subroutine CNSTR, the basic control
rcatine for overlay (10,0), with mandatory returns to the appropriate parts
of TBPPT. The chain-type overlay structure and the position of TB@PT relative
to the SWEEP control program results in the use of a status code word to con-
trol the logic flow from TB@PT to CNSTR. Location 39 of array XMISC is used
to store control code values to be used to control the path to be followed dur-
ing the calls to and returns from CNSIR.

The calls .. _NSTR from TB@PT require that control be returned to subrou-
tine PRYG, which returns to program PLAY9 and then to SWEEP control program
(BLAY0OO before overlay (10,0) can be loaded and subroutine CNSTR executed. The
return from (NSTR follows the same pach. The logic path in @LAY00, PRAG, and
TB@PT is dictated by the code value in XMISC(39).

MODULE STORAGE ARRANGEMENT

BLANK COMAN

Data computed by wing and empennage module subprograms are primarily
stored in blank common. The blank common block in each overlay is blocked
into six primary regions, each assigned array names as shown in Table 3.
Access to all data cell locations in blank common is made through direct refer-
ences to these arrays or through subarray and variable names equivalenced to
these arrays.

The D array is used to store case input data. Array ND contains integer
constants and variables. The T, CD, TW, 'nd CT arrays are used for storage of
calculated data; each array is organized into data sets arranged either for the
data requirements of downsiream overlays or the storage requirements for the
subroutines within that overlay. Core maps for these arrays can be found in
Sections III through V.

MODULE/OVERLAY DATA REQUIREMENTS
The primary method of data transmission from overlay to overlay is

through blank common. Mass storage file records are only used to transmit
computed data that cannot be saved in blank common.

Blank Common Initialization

The procedure used to load overlays into core for execution uses the
PPLPADER, which is in the blank common region during the loading of overlay
subprograms. The contents of blank common are saved by the exiting overlay
program by the BUFFER @UT instruction. Blank common is reset by the incoming
overlay program by the BUFFER IN instruction. File TAPE24 is used as the stur-
age medium for blank common.
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Input Data
Input data for the wing and empennage module consist of the following:

1. Variable data for each surface which are input through input data
decks WING, HORIZONTAL, and VERTICAL, Data from these decks are
merged into the data sets containing default values for each surface.
These defaults are initialized from the SWEEP permanent data bank.

2. Design variables computed by previously executed SWEEP modules - the
data management and the flutter and temperature modules. Subroutine
CCNTL, overlay (8,0), processes the appropriate surface data, stored
on mass storage file 1, records 21 and 38, into the D array before
problem execution,

3. Program constants for airfoil cross-section and flutter analysis, data
values from the SWEEP permanent data bank, stored on reccrds 36 and
37, mass storage file 1.

4. Material properties for metallic designs, contained in the material
properties library of the SWEEP permanent data bank. Library infor-
mation is obtained as required from records 41 through 60 of mass
storage file 1.

5. Execution and design information stored in SWEEP labeled common
blocks MISC and IPRINT.

Output Data

The primary output of the wing and empennage module consists of group
weight an¢ balance results for the surface being analyzed. The computed data
required by SWEEP modul: output, overlay (13,0), are stored in array FDAT,
labeled common block FDATT. Computed weights for each surface are also sum-
marized and printed by subroutine WPDATA, overlay (17,0). The primary weight
summary data for each surface are shown in Figures 10 through 12.

Data for input to the stand-alone Flexible Load Analysis Program and

Flutter Optimization Program are output as punched output on data cards or as
printed output. b

Mass Storage File Records

Mass storage file records used by the wing and empennage module are
listed in Table 4. Pertinent information for each record is presented in
this table.
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MODULE CORE MAPS

Labeled Common Arrays

Core maps for labeled common arrvays FDAT, XMISC, and IP can be found in
Tables S through 7. Array FDAT is used only by subroutine PRID, overlay (17,0).
Arrays XMISC and IP are used by all module overlays.

Blank Common Arrays

Core maps for variable-data array D and integer constants array ND are
presented in Tables 8 and 9. Table 10 contains the core map for array DC,
a subarray of array D, used primarily to store program constants. Tables 11
and 12 contain subroutine reference information for array D, Table 11 is
based on numerical order of the D array data cells, and Table 12 by alphabe-
tical order of variable names assigned to array D. Subroutine reference
information for arrays ND and DC are presented in Tables 13 and 14.
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TABLL 5. FDAT ARRAY, FINAL OUTPUI DATA

T NI T

General information for array FDAT:

Core location = Labeled common block FDATT

Array size = 60 cells

Calculated weights for wing and empennage structure are stored in FDAT
array by subroutine PRID, overlay (17, 0) in locations 1-30. Weight
information is organized into group weight statement type breakdown.

Locations 31-60 are used by overlays (6, 0), (7, 0), and (12, 0) to
store calculated weight data for other structure groups.

Array
Location Description
Locations 1-14 contain wing group weight data
1 Wy, total wing structure, lb per A/V
2 XgGs X-coordinate for total wing structure CG, fuselage
station
3 Wc-SEC, basis structure, center seation, lb per A/V
4 WpivoT, basic structure, pivot, 1b per A/V
5 WopNL» basic structure, outer panel, 1b per A/V
6 WAIL, ailerons, 1b per A/V
i Wrre, flaps, trailing edge, 1lb per A/V
8 WgLg, flaps, leading edge, 1b per A/V
9 WSLATS, slats, 1b per A/V
10 Wgp, spoilers, 1b per A/V
11 WMISc, secondary structures, lb per A/V
12 Wrip, basic structure, tips, 1lb per A/V
13 Not used
14 Not used
Locations 15-22 contain horizontal tail group weight data
15 Wi, total horizontal tail structure, 1lb per A/V
16 Xcg, X-coordinate for total horizontal tail structure CG,
fuselage station

17 Wc-sgcs basic structure, center section/spindle, 1b per A/V
18 WOPNL, basic structure, outer panel, 1b per A/V
19 WELLV, elevator, 1b per A/V
20 WMISC, secondary structures, lb per A/V
21 Not used
22 Not used
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TABLE 5. FDAT ARRAY, FINAL OUTPUT DATA (CONCL)

Array
Location

Description

Locations 23-30 contain vertical tail group weight data

23
24

25
26
27
28
29
30
31-60

WyT, total vertical tail structure, 1b per A/V

XcG, X-coordinate for total vertical tail structure CG,
fuselage station

Wc-~EC, basic structure, center-section/spindle, 1b per A/V

WopNL, basic structure, outer panel, 1b per A/V

WruD, rudder, 1lb per A/V

WMIsc, secondary structures, 1b per A/V

Not used

Not used

Used by landing gear, air induction system, and fuselage
modules
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TABLE 6. XMISC ARRAY

General information for array XMISC:

Core location = labeled common block MISC.
Array size = 100 cells.

Data type: Real in locations 1-69
Aiphanumeric in locations 70-100

Array contains case control information and computed design data.

Only the locations pertaining to the wing and empennage module are
defined in this table. Definitions for the other locations can be
found in Table 9, Volume II.

Defined Used
Array
Loc | Routine | Overlay | Routine | Overlay Description
1 READ (1,0) | CCNTL (8,0) Number of arrays of material

MFCNTL | (11,0) | properties in mass storage in
records 41-60

2 @LAY00 (0,0) | CCNTL (8,0) Component indicator for wing and
AL@AD (16,0) | empennage module

1 = wing
2 = horizontal tail
3 = vertical tail

3 @LAY00 (0,0) | PLAY0OO | (0,0) Logic control code, for execution
PRAG (9,0) of wing and empennage module over-
lays, (9,0), (10,0), and (17,0)
metal designs. Defines overlay
to be executed on return of con-
trol from overlay (9,0) to over-
lay (0,0):

0.0 = execute overlay (10,0)

1.0 = execute overlay (17,0)
_ Initialized at 0.0 by program
) PLAY00 and set to 1.0 by PR@G,
i overlay (9,0) at conclusion of

torque box analysis.
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TABLE 6. XMISC ARRAY (CONT)

M Y D« ST

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description
4 PLAY00 (0,0) | READ (1,0) Case number
CCNTL (8,0)
5 WHVQQ (3,0) | CCNTL (8,0) Dynamic pressure for wing flutter
design, 1b/ft2 -
6 WHVQQ (3,0) | CONTL (8,0) Dynamic pressure for vertical
tail flutter design, 1b/ft2
7 WHVQQ (3,0) | CCNTL (8,0) Dynamic pressure for horizontal
: tail flutter design, 1b/ft2
8 WHVNET (4,0) | CCNTL (8,0) Wing design (reference) tempera-
ture, © F
9 WHVNET (4,0) | CCNTL (8,0) Vertical tail design (reference)
temperature, © F
10 WHVNET (4,0) | CCNTIL (8,0) Horizontal tail design
(reference) temperature, © F
26 WHVGE@ (2,0) | CCNTL (8,0) Sweep of wing quarter-chord
(forward position variable-
sweep only), deg
28 WHVQQ (3,0) | CCNTL (8,0) Wing structural material shear
modulus at design flutter
point, 1b/in.?2
29 WHVQQ (3,0) | CCNTL (8,0) Horizontal .tail structural
material shear modulus at
design flutter point, 1b/in.2
30 WHVQQ (3,0) | CCNTL (8,0) Vertical tail structural mater-'
ial shear modulus at design
flutter point, 1b/in.2
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TABLE 6.

XMISC ARRAY (CONT)

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description
39 @LAY00 (0,0) | PRAG (9,0) Logic control code for execution
PROG (9,0) | TB@PT (9,0) of wing and empennage module
TBPPT (9,0) overlays (9,0) and (10,0),

metallic designs. Code value
of 0.0 through 7.0 determine
the logic path to be executed
in subroutines PRAG and TB@PT,
overlay (9,0), after return of
control from subroutine CNSTR,
overlay (10,0): .

0.0 = initial call to sub-
routine PROG from
program @LAY9 and to
subroutine TB@PT from
subroutine PRAG during
the deadweight itera-
tion passes.

1.0 - 6.0 = return code for
subroutines PR@G and
TBPPT. Identifies
logic status and call
statement to subroutine
CNSTR of overlay (10,0)
from subroutine TB@PT,
overlay (9,0). Code
values used by PRYG and
TBPPT to determine con-
tinuation path.

7.0 = Normal return to sub-
routine PRAG from TB@PT.

Initialized at 0.0 by program
PILAY00 and subroutine PR@G.
Status code values specified
by subroutine TB@PT.
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TABLE 6. XMISC ARRAY (CONCL)

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description

42 WHVNET (4,0) | vLgAD (9,0) Indicator to designate that
VLPAD1 | (16,0) | horizontal tail loads have
been reversed
0.0 = loads have not been
reversed
1.0 = loads have been reversed

85- READ | (1,0) | CCNTL (8,0) Case title, and image of case
100 PRTG (8,0) title cards 1 and 2. Locations
PRTA (9,0) 85-100 assigned array name R,
PRTH (9,0) (size = 16 cells).

PRTB (10,0)
PRTC (10,0)
WLETE (14,0)
PRTD (17,0)
ACPRTA | (18,0)
PRTB (15,0)
PRTC (18,0)
PRTH (18,0)
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TABLE 7. IP ARRAY, PRINT CONTROL DATA

General information for array IP:

Core location = Labeled common block IPRINT

Array size = 80 cells

Data type = Integers

Array contains card image information from case control card 1,
colums 1-80.

Code values in each location control printing of data by indicated
subroutines (sample output can be found in Appendix A, Volume IX,
User's Manual). Code value 0 indicates print; 1 indicates no
printing.

Locations identified with an asterisk (*) indicate controls for related
data printed under control of other SWEEP modules.

Indicated names are for printing subroutines; names in brackets
identifies subroutine where print control tests are made.

Array information is used for each execution of module during a given
case; thus, printed output for executed wing and empennage problems
will be the same.

Array Printing

Location| Subroutine |Overlay Description
1% READ (1, 0) | Permanent data, first case only
2 READ (1, 0) | Current case variable data
3 CONTL (8, 0) |Variable data arrays:

1. Output of initial status of D array
locations subject to revision with
design data transferred through
WP, SPAL, and XMISC arrays

2. Output of WD array

3. Output of complete D array

4. Output of SPAL array

4 GE@MC (8, 0) ]| YC, YTC, and TAF arrays
5 DMAX (8, C) | Parts of YC, YIC, and TAF arrays; D;
calculations at point Yj, Xj
ABPXC (8, 0) [Parts of YIC and TT arrays; area calcula-
tions of station Y;
TBWDC (8, 0) | Headings for DMAX output
6 PRIG (GE@MW) | (8, 0) | Geometry summary data
7 VSGHEM (8, 0) | TVS array
PRTG (8, 0) | TXY array, if IP(6) =
GEMW (8, 0) | TGJ array
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TABLE 7. IP ARRAY, PRINT CONTROL DATA (CONT)
Array Printing
Location Subroutine |Overlay Description
8 CT@T1 (14, 0) |YC array; station Y,X for chord
calculations
GCNTL (14, 0) |Heading for CT@T1 output
LEWT (14, 0) |Heading for CT@T1 output
TEWT (14, 0) |Heading for CT@T1 o _put
TEDEV (14, 0) [Heading for CI@T1 output
TEWTI (14, 0) |Heading for CT@T1 output
9 GONTL (14, 0) | TG and TGA arrays
10 LETEI (14, 0) | TCS, CLEI, and TWG arrays for leading
edge; TCS CTEI, and TWG arrays for
trailing edge
11 LEWT (14, 0) | TGR, TST, CCI, CCL, and CCW arrays
TEWT (14, 0) [CCow, CCT, and TE arrays
TEWTI (14, 0) [ TGR, TST, and CCI arrays
12 WLETE (14, 0) |Heading and trailing edge weight and
distribution data and 1-g loads summary
13 MISCNT (15, 0) [CC1, TST, and TGR arrays
PRTM (MISCIT) | (15, 0) [CCI, TST, TGR, and TCS arrays
14 MISCNT (15, 0) [CMII and TVMT arrays
PRTM (MISCIT) | (15, 0) [TCS and CCl arrays
15 CToT12 (15, 0) [YC array, station Y,X for chord
calculations
MISCNT (15, 0) |Heading for CT@T2 output
MISCIT (15, 0) |Heading for CT@T2 output
CDL (15, 0) |Heading for CT@T2 output
FDIS (15, 0) |Heading for CI@T2 output
16 CDL (15, 0) | TGR and TCS arrays
TBFWI1 (15, 0) |CCI and TCS arrays
17 FDIS (15, 0) |CcC1, TST, TCS, TWG, and TWMT arrays
18 FDIS (15, 0) | Fuel distribution summary
19 MILPW (MTLCW)[(16, O) |Material properties data, metal design
TEMPC (18, 0) |Material properties data, adv comp
design
20 ALPAD (16, 0) | Limit airload and load correction factor
sumnary for metal design
ACL@AD (18, 0) | Limit airload and design data summary
and ACL array, adv comp design
21 ABLW (16, 0) | Initial deadweight distribution data
22 GJCAL (16, 0) | Flutter requirement analysis, summary of
results and TVF and TGJ arrays
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TABLE 7. IP ARRAY, PRINT CONTROL DATA (CONT)
Array Printing
Location | Subroutine |Overlay Description
GJTT (16, 0) |T-tail flutter requirement analysis data
23 WDDATA (16, 0) |Core status of T and CD arrays at end of
overlay (16,0) calculations
24 VLOAD1 (16, 0) | Initial design loads summary for DGWQ
and flutter requirement data
DEADW (9, 0) [Deadweight summary and adjustment
results for N@DW >1, DGW;
DWYBA (9, 0) |Deadweight and Y-bar adjustment .lata for
N@DW >1, DGW;
VL@AD (9, 0) (Design loads and required GJ for
. N@DW >1, DGW;
DEADW (18, 0) | Deadweight summary and adjustment results
for NgDW >1, DGW;
DWYBA (18, 0) | Deadweight and Y-bar adjustment data for
N@DW >1, DGW;
AVLOAD (18, 0) | Design loads, required GJ, loads at each
condition, DGW;
25 DEADW (9, 0) | Deadweight summary and adjustment results
for N@DW=1, DGW;
DWYBA (9, 0) | Deadweight and Y-bar adjustment data for
N@DW=1, DGW;
VL@AD (9, 0) | Design loads and required GJ for
N@DW=1, DGWj
DEADW (18, 0) | Deadweight summary and adjustment results
for N@DW=1, DGW;
DWYBA (18, 0) | Deadweight and Y-bar adjustment data for
N@DW=1, DGWj
AVL@AD (18, 0) | Design loads, required GJ, loads at each
condition for N@DW=1, DGWj
26 PIV@T (9, 0) | Pivot design summary data and dump of
T(881=1200)
DLPVT (9, 0) | Dump of TW array, torque-box weight per
inch detail data
PIVQT (18, 0) | Same as preceding
DLPVT (18, 0) | Same as preceding
27 PRTA(TB@PT) | (9, 0) | Design synthesis and weight distribution
summary for N@DW >1, DGW2
ACPRTA (18, 0) | Design synthesis and weight distribution
(ATB@PT) summary for N@DW >1, DGW2
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TABLE 7. 1P ARRAY, PRINT CONTROL DATA (CONCL)
Array Printing
Location | Subroutine |Overlay Description
35 CT@T (17, 0) |YC array, station Y,X for chord
calculations
WVFDD (17, 0) |Heading for CT@T output
WFLDD (17, 0) |Heading for CT@T output
36 W@DATA (17, 0) | Inertia summary, total structure and
contents
37 PRTD (17, 0) |[Detail weight summaries and specified
weight coefficients
38 WPDATA (17, 0) |wCG, CTBW, CTBI, CLEI, CTEI, CMII

CFL1I, CFL2I, CCDLI, CI@Y, and CCI
arrays; mass distribution summary
data arays

The following locations are not used by the wing and empennage module.
These locations identify wing and empennage related design data printed

by other SWEEP routines.

40%
a1+

42%
43
47%

51*
53*
54%

@LAY00
WHVMAT
WHVOO

SVFTAB
SPDALT
DSGNPR
DATAIN
DMAXLD
DDCNTL
SPABM

WHVNET
BLCNTL

(0, 0)
(3, 0)
(3, 0)
(3, 0)
(2, 0)
(2, 0)
(2, 0)
(2, 0)
(2, 0)
(4, 0)
(4, 0)
(4, 0)

Case title and executed module title

Stress versus temperature tables

Compressible dynamic pressures

Flutter parameter versus mach iamber

Speed profile tables

Speed profile design factors

DC array

Estimated shears and mciments

WD array

Calculated shears and moments

Design loads and load correction factors

Temperature and stress for 23 load con-
ditions, design temperature, and load
conditions and maximum estimated net
bending moments for fatigue analysis
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TABLE 8. D ARRAY, INPUT VARIABLE DATA

General information for array D:
Blank common reference location = 2061.
Array size = 2060 cells

Default values are from the SWEEP permanent data bank data sets for
wing, horizontal tail, and vertical tail analysis, mass storage file
records 23, 26, and 27, respectively. The D array is initialized with
these values before the WING, HORIZONTAL, and VERTICAL input data
decks are processed for the initial case in a problem setup or for
subsequent cases where column 80 of case control card 2 contains a
code value of 1. Default value changes can be made either with
input data or by revising the permanent data decks.

Locations identified with an asterisk (*) are the variables which may
be inputed either through the GENERAL input data decks or from data
calculated by the data management module and the flutter and temp-
erature module.

Refer to tables 11 and 12 for assigned variable names and sizes and
for location references by overlays and subroutines.

Array Default
Loc Value Description
|

1 1.0 CONSTANT = 1.0

2 2.0 CONSTANT = 2.0

3 3.0 CONSTANT == 3.0

4 4.0 CONSTANT = 4.0

S 5.0 CONSTANT = 5.0

6 6.0 CONSTANT = 6.0

7 7.0 CONSTANT = 7.0

8 8.0 CONSTANT = 8.0

9 9.0 CONSTANT = 9.0

10 10.0 CONSTANT = 10.0
11 11.0 CONSTANT = 11.0

E 12 12.0 CONSTANT = 12.0

18 20.0 CONSTANT = 20.0
14 1000.0 CONSTANT = 1000.0
15 3.1415927 CONSTANT = PI

16 0.01745529 CONSTANT = PI/180
17 144.0 CONSTANT = 114.0
18 24.0 CONSTANT = 24.0
19 0.50 CONSTANT = 1/2
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TABLE 8. D ARRAY, INPUT VARIABLE DATA (CONT)

Array Default

Loc Value Description

20 1.5 CONSTANT = 1.5

21 0.33333333 CONSTANT = 1/3

22 0.95 CONSTANT = 0.95

23 1.5 ATT MISC FACTOR, SUBR STBAR, STWEB

24 1.050 ATT MISC FACTOR, SUBR STRIB, NAME = DKMIR

25 0.75 CONSTANT, SUBR STRIB -

26 0.3555 OPTIMUM RATIO OF STRINGER FLANGE TO WEB

27 0.125 COVER MISC CONSTANT

28 0.4292 COVER MISC CONSTANT

29 0.75 RIVET SPACING

30 0.001 SEARCH CONSTANT, SUBR STBAR

31 1.01 SEARCH CONSTANT, SUBR TSCH

32 0.06 SEARCH CONSTANT, SUBR TSCH

33 10.0 SEARCH CONSTANT, SUBR TSCH

34 0.01 SEARCH CONSTANT, SUBR TSCH

35 0.045 SEARCH CONSTANT, SUBR TSCH

36 0.95 SEARCH CONSTANT, SUBR BOT

37 0.995 SEARCH CONSTANT, SUBR SFSCH

38 0.9 SEARCH CONSTANT, SUBR SFSCH

39 0.1 SEARCH CONSTANT, SUBR SFSCH

40 1.8 ROOT RIB CAP CONSTANT

41 0.5 REDUCED MODULUS(ER) CONSTANT FOR FLAT PLATES
42 n.35 REDUCED MODULUS (ER) CONSTANT FOR FLAT PLATES
43 0.25 REDUCED MODULUS (ER) CONSTANT FOR FLAT PLATES
44 0.75 REDUCED MODULUS(ER) CONSTANT FOR FLAT PLATES
45 0.83 SPAR WEB GEN INSTAB RED MOD (ERG) CONSTANT
46 0.17 SPAR WEB GEN INSTAB RED MOD (ERG) CONSTANT
47 0.0 NOT USED

48 0.0 NOT USED

49 0.0 NOT USED

50 0.25 CONSTANT (1/4)

51 0.66667 CONSTANT (2/3)

52 0.02 CONSTANT (0.02)

53 0.0 NOT USED

54 0.78539795 CONSTANT, SUBR BHDJT, STWEB

55 0.0 NOT USED
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TABLE 9. ND ARRAY

General information for array ND:
Blank common reference location = 6121
Array size = 100 cells
i Data type = Integer

Array ND contains integer constants in locations 1-20. Constants

in these locations are initialized by subroutine CCNTL, over-
| lay (8,0). Locations 21-100 are used as storage for index and
' analysis control code values.

Locations identified by an asterisk (*) are identified by various
names. Refer to Table 13 for variable names used by each
subroutine.

! Array Variable
Location Name Description
1 A Constant, 1
i 2 * Constant, 2

3 % Constant, 3

4 A Constant, 4

5 = Constant, 5

6 - Constant, 6

7 = Constant, 7

8 - Constant, 8

9 L Conctant, 9

10 * Constant, 10

11 = Constant, 11

12 S Constant, 12

13 - Constant, 120

14 = Constant, 155

15 - Constant, 190

16 = Constant, 31

17 = Constant, 61

18 = Constant, 259

19 = Constant, 18

20 = Constant, 18

£ 21 MATLI Torque-box material number

22 ISC Type of stringer/spar analysis, metallic
designs.
1 = search for optimum,
2 = constant number,
3 = constant spacing
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TABLIE 9, NI ARRAY (CONTI

Array
Location

Variable
Name

Description

23

24

25
26
27
28
29
30
31

32

33

IPA

IPB

}”Sl&é

IWD

IFD

IKI

IL3

IFK

Print code for design synthesis and weight
analysis summary print (subroutine PRTA
or ACPRTA output). 0 = no print,

1 = print.

Print code for synthesis and weight analysis
details at each station (subroutines PRTB
and PRTC output). 0 = no print,

1 = print.

Number of dead weight iteration passes

Miscellaneous index values

Miscellaneous index values

Miscellaneous index values

Miscellaneous index values

Miscellaneous index values

Miscellaneous index values

Code for type of torque-box geometry data,
subroutine TBWDC, overlay (8,0).

1 = calculate, 2 = input.

Miscellaneous index values

Code for flap type device identification
subroutines TEDEV and TEWTI, overlay
(14,0). 1 = TE flaps, 2 = aileron,

3 = elevator, 4 = rudder.

Control code for subroutine BAT analysis
under control of subroutine SFSCH, over-
lay (10,0). 1 = compute allowable com-
pression stress level for specified (b/t)
and tg)in values. 2 = compute allowable
stress level where available (b/t) is
equal to allowable (b/t).

Point counter, t-skin search, subroutine
TSCH, overlay (10,0).

Code for identification of type support
for trailing edge device, subroutine
TEDEV, overlay (14,0). 1 = spoilers,

2 = double-slotted flap., 3 = triple-
slotted flaps, 4 = see other types.
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TABLE 9. ND ARRAY (CONTD)

Array
Location

Variable
Name

Description

IP2

IL2
NSTIFF

IL

IL1
ILS

Print code for type of data blocks to be
printed by subroutine PRTM, under control
of subroutine MISCIT, overlay (15,0).

Control code for evaluation of section
requirements, status condition specified
in subroutine STBAR before return of con-
trol to subroutine TSCH (variable named
I1.2 in TSCH). 1 = specified t-skin OK,
L(rib) less than L(max). 2 = t-skin OK,
L(rib) set equal to L(max). 3 = avail-
able L(rib) less than L(min). 4 = avail-
able stringer area too small, cannot be
distributed.

Same as IM@, subroutine TSCH.

Index code for type of stringers, upper and
lower cover design, advanced composite
multirib structures. 1 = integral "I."

2 = integral ''Z'", 3 = integral 'T",
4 = integral 'HAT."

Logic control code for subroutine STBAR
analysis. Value specified as 1 by sub-
routine TSCH (variable name IL1). 1 = do
complete T-bar analysis, 2 = evaluate
L(rib) requirements only. Code value 2
type currently not used.

Same as IL, subroutine TSCH.

Condition code for cover skin L-ply search,
stringer design, advanced composite Multi-
rib structures. 0 = initial point,

1 = second point, 2 = intermediate L-ply
points, previous points indicate minimum
total T-bar or higher L-ply values.

3 = minimum indicated between L-plies
(i-1) and (i), 4 = last pass with L-ply
(i) less 1.0 value. Recalculate to
obtain final values.
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TABLE 9. ND ARRAY (CONTD)

Array
Location

Variable
Name

Description

35

30

37

38

39

40

M

IMN
NLS

NLR

IWEB

LSTRCR
NI

IK

KI
IL

Condition code for available stringer area,
metallic design, subroutine STRG. Status
specified by subroutine STRG before returmn
of control to subroutine STBAR (variable
name IMN). 1 = stringer area ok, 2 =
stringer area too small.

Same as IM, subroutine STBAR.

Condition code for stringer L-ply search,
critical buckling b/t evaluation, advanced
composite multirib structures. 0 = initial
pass with stringer L-ply value resulting
from P/A evaluation, 1 = resize to larger
stringer area, increase number of L-plies
by 2.0, 2 = resize to smaller stringer area,
decrease number of L-plies by 1.0.

Condition code for stringer L-ply search,
critical colum length evaluation, advanced
composite multirib structures. 0 = initial
pass with stringer L-ply values resulting
from buckling (b/t) evaluation, 1 = avail-
able rib spacing too small, resize to
larger stringer area, increase number of
L-plies by 2.0, 2 = resize to smaller
stringer area, decrease number of L-plies
by 1.0.

Index for front and rear spar, Metallic
structures. 1 = front spar, 2 = rear spar.
Load condition number, critical buckling (b/t).

Condition code for rib web gage search,

metallic structures.

Code for type of analysis by subroutine CG3P,
metallic structures. 1 = parabolic fit and
test for minimum condition, 2 = parabolic
fit and compute value of x at Y = 1.0.

Same as IK.

Condition code for minimum condition test by
subroutine CG3P when IK is 1. Value speci-
fied by CG3P before return of control to
subroutines SFSCH or TSCH, overlay (10.0).
i = Minimm found at Yvalue stored in CXI,
location TDC(47) = T(1347).
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TABLE 9. ND ARRAY (CONT)

Array Variable '
Location Name Description
41 KFEC Condition code for starting stress level

search, metallic structures. 1 = initial
assumed values. 2 = initial assumed
valu: OK, continue search for larger
stress value.

N1 Index code for web no. 1, first web to be
used for section J increase, subroutine
VFCAL, metallic structures flutter stiff-
ness requirement analysis.

ILCASE Number of load conditions to be analyzed,
advanced composite structures.
42 LF1 Location index for data set storage of

analysis data contained in locations
TSC(381)-TSC(415) for stress level point
1, TSS(10). 3 sets of 35-cell blocks
stored in locations TSC(121)-TSC(224).
Index value = 120, 155 or 190.

N2 Index code for web No. 2, subroutine VFCAL.
Refer to N1 in location 41.
SKCPLE Type code for cover design, advanced com-

posite structures multispar for full-
depth honeycomb sandwich designs. 1 =
plate covers or full-depth honeycomb
sandwich. If plate SPC@DE, ND(43) =
1 or 2, if full-depth honeycomb sand-
wich, SPCE = 3. 2 = honevcomb panel

covers.
43 LF2 Location index for analysis data for stress
level points 2, TSS(11), same as LF1,
ND(42).
N3 Index code for web No. 3. Refer to N1 and N2.
SPCIDE Construction code for internal torque-box

substructure (intermediate spars and
ribs), advanced composite structures.

1 = sine-wave corrugated webs, 2 = honey-
comb panels, 3 = code for full-depth
honeycomb sandwich design.

44 LF3 location index for analysis data for stress
level point 3, TSS(12), same as LF1 and
LF2 (ND(42) and ND(43)).
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TABLE

9. ND ARRAY (CONT)

Array
Location

Variable
Name

Description

45

46

47

N4

()1

ISK1
SFCODE

P2

ISK2
SRCPDE

ICB

IC

Index code for web No. 4, Refer to N1, N2,
and N3.

Control code for type of stringer/spar anal-
ysis, advanced composite structures.

1 = constant number of stringers or spars,
2 = constant stringer or spar spacing.

Condition code No. 1 for assumed stress
level, metallic design stress level
search. Status specified by subroutine
TSCH before return of control to SFSCH.

1 = stress level 0K, 2 = stress too large,
3 = stress level OK, allowable rib spac-
ing equal to or larger than L(max).

Same as I@l, name used in TSCH.

Construction code for front spar, advanced
composite structures. 1 = sine-wave
corrugated webs, 2 = honeycomb panels.

Condition code No. 2 for assumed stress
level, metallic design stress level
search. Status specified by subroutine
TSCH before return of control to SFSCH.

1 = T-bar too small, 2 = available
stringer area too small, 3 = available
rib spacing less than L(min).

Same as IP2, name used in TSCH.

Construction code for rear spar, advanced
composite structures. 1 = sine-wave
corrugated webs, 2 = honeycomb panels.

Index counter for stress level points, used
by SFSCH during search for maximum allow-
able stress level search between a valid
point and a higher stress level previously
evaluated and identified as an invalid
point.

Condition code for bulkhead/joint analysis,
subroutine BHDJT. 1 = joint at current
station, 2 = no joint.

Control code for analysis logic, subroutine

DLPVT. 1 = calculate weight, 2 = exit.
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TABLE 9. ND ARRAY (CONT)

Array
Location

Variable
Name

Description

48

49

50

51

52

53

IC

ICD

IDVF

IDSK
IB

Control code for analysis logic, subroutine
WICAL. 1 = initial station, calculate
section cross-sectional area data only,

2 = stations 2-11, calculate section
cross-sectional area data for current
station and determine panel weights.

Control code for torque-box section design
data, metallic structures. 1 = no sta-
tion-station inputs, 2 = input data for
11 analysis control stations,

Control code for stringer/spar arrangement
logic, flutter analysis pass, subroutine
SECTD. Values setup during initial
strength analysis pass.

Control code for flutter analysis pass,
metallic structures. Used by subroutines
SECTD, SFSCH, TSCH and EIGJC to determine
if current sizing data are for strength or
resizing for flutter requirements. Initial-
ized to 1.0 by CNSTR, set to 2.0 by
SECTD or VFCSC if any of 4 torque-box
webs are flutter stiffness critical to
indicate resizing required. Code value
of 3 currently not specified; test logic
set up to treat code value of 3 as input
t(SKIN) at all 11 analysis control station.

Same as IVF, name used in TSCH.

Condition code for number of stringers/spar
passes, SECTD/SFSCH logic, metallic
structures. 1 = initial value for
assumed number, 2 = second and subse-
quent passes.

Control code for type of section stiffness,
(J), analysis to be used for flutter
stiffness penalty evaluation, metallic
structures. 1 = (J) comparison, non-
cqual web thicknesses, 2 = flutter stiff-
ness penalty evaluation based on constant
web gage required for flutter.
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TABLE 9. ND ARRAY (CONT)

Array Variable
Location Name Description

54 LID Control code for type of design loads.
Value of 2 assigned if SWEEP calculated
loads are to be used (D(205), SLDID=1.0).
If SWEEP calculated loads are not to be
used (D(205)=0.0), then code values are:
1 = calculate gross airloads, subroutine
ALPAD, 2 = input gross limit airload
shears, bending moments and torsional
moments, 3 = input net design shears and

: moments.

55 ISEC Index counter for analysis control stations.
(1-11) = root to tip, overlay (8,0).
(1-11) = tip to root, overlay (10,0) and
subroutine ACNSTR, overlay (18,0).

NSTAT Index counter for analysis control sta-

tions, advanced composite structures.
(1-11) = tip to root.

56 NADW Dead weight pass counter’

57 IGT Gross-weight counter

IGW Gross-weight counter

58 - Not used

59 NVATL Number of material property data sets in
material properties library

60 NCASE Case counter

61 W Gross-weight counter, same as NJ(57) above.

62 ISEC Index counter for analysis control sta-
tions, advanced composite structures.
(1-11) = root to tip.

63 S Not used

64 S Not used

65 = Not used

66 TLWRC Control code for lower cover analysis,
metallic structures, subroutine SECTD,
overlay (10,0)

67 NAF Index code for number of X/C points in
array DAF airfoil tables.

68 MCSEC Control code for torque-box analysis: 1 =

standard outer-panel type analysis.
2 = constant cross-section, constant
load at all stations (center-section
type, do tip section only).

198



http://www.abbottaerospace.com/technical-library

MG rpeegeeaan

] ’ I R T ey

TABLE 9. ND ARRAY (CONT)

AN

Array
Location

Variable
Name

Description

69

70

71

72

73

74

75-79

IRG

IBT

IPPT

IPPT

19PD

Not used
Control code for stringer sizing logic,

metallic structures. Value identifies
the relative location of.- the required
stringer web/flange (b/t) to the control
values of (b/t) for a particular stringer
type, stringer spacing, and stringer
geometry limits. Subroutine STRG uses
this code value to determine the applic-
able stringer sizing equations to be used
to compute web thickness, web heights
and flange widths, if applicable.

C...itrol code for stringer sizing logic,

metallic structures. Value identifies
Z-type stringer element (web or flange)
that is critical for buckling (b/t) when
the element size is at the maximum allow-
able value. 1 = web, 2 = flange.

Control code for stringer sizing logic,

metallic structures (riveted ''Z"
stringers). Similar to IMX above for
identifying critical (b/t) element. 1 =
web for maximum height, 2 = flange at
minimm width.

Condition code analysis point during opti-

mization analysis of total torque box,
metallic structures. Used by subroutine
TBAPT to determine logic path during
search and, if applicable, for output
print of analysis results.

Identification code for optimum analysis

point determined during optimization of
total torque-box for assumed values of
stringer/spar spacings or numbers,
metallic structures, used by subroutine
TBPPT when control code IOP1, ND(82), is
specified as 2, 3, 4, or 5.

Five-cell array for tracking of analysis

points evaluated during total torque-box
optimization by subroutine TBPPT, under
control of control code IPP1, ND(82).
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TABLE 9. ND ARRAY (CONT)

Array Variable
Location Name Description

80 19PJ Control code, analysis control station
value to be used for total torque-box
optimization for separate optimization of
the inboard and outboard sections of the
torque-box to different search limits for
stringer/spar spacings or numbers. Cur-
rently initialized and tested, but the
optimization logic is not available.
81 1pPP Point counter, used to track current point
for which analysis data is being printed.
82 I9P1 Control code for torque-box optimization
logic, metallic structures. 1 = no opti-
mization search control in subroutine
TBPPT. 2-5 = total torque-box optimiza-
tion under control of TB@PT logic. 2 =
optimize using constant number of
stringer/spar elements, 3 = optimize
using constant stringer/spar spacings.
4 and 5 are currently not used.
83 19PS Temporary storage location for initial
value of ISC, ND(22).
84 I@PPC Temporary storage location for initial
value of ICD, ND(49).
85 NPAGE Page counter for summary data printed
output
86 1SG Point counter to identify calls to sub-
: routine TSCH by SFSCH, printed to identify

data sets printed by subroutine PRTBK.
87 ISTB Point counter to identify calls to sub-
routine STEAR by TSCH, printed to identify
data sets printed by subroutine PRTBK.
88 ISTRG Identification code to identify logic
statement number in subroutine SIRG,
printed to identify data sets printed by
subroutine PRTBK.

89 - Not used

90 - Not used

9 - Not used
92 IF3 Mass storage file 1 record number for
material property data set to be used by
subroutines MTLCW and MTLFW,
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TABLE 9. ND ARRAY (CONCL)
Array Variable
Location Name Description
93 IF4 Temporary location for mass storage file 1
record number used during storage and
retrieval of analvsis results.
94 - Not used
95 o Not used
96 - Not used
97 IF8 Temporary location for mass storage file 1
record number used during storage and
retrieval of analysis results.
98 S Not used
99 - Not used
100 - Not used

201



http://www.abbottaerospace.com/technical-library

TABLE 10.

DC ARRAY, MISCELLANEOUS CONSTANTS

General information for array DC:

Blank common reference location = D(1401)

Array size = 100 cells

Array contains miscellaneous program constants, constants for flutter

analysis, data generation option,and torque hox synthesis.

Sub-

array names SLCFS, DR1S, DBL®, and DSPLI are assigned to this array

to identify torque box structural analysis constants.

Variable

names DFREIK, CPS10, SIN10, GO, PT4, PT7, and PT8 are used to

reference array locations.

located in DC(3) and DC(13).

General constants 0.0 and 10-9 are

This array is part of the D array; initial values are contained in
the wing deck of the SWEEP permanent data bank. All initial array
values can be changed by revising the permanent data deck or
through D array reference cards in the input variable data decks
for wing and empennage, locations D(1401) through D(1499).

(Note: DC(100) or D(1500) is used by array DLEDL.)
Data location Ref
Array Bank Variable
Loc Value Name Size Description
1 0.592079 = = Conversion factor ft/
sec to knots
2 0.00004427635 S = Density of air at sea
: level, 1b/cu in.
3 0.0 - - Constant 0.0
4 0.001 DFREIK 1 Factor for El value,
front and rear spar
caps
Locations 5-12 contain constant for calculations of properties of atmosphere.
5 35332.0 - - Altitude cutoff, ft
6 971.1 S - Velocity of sound above
cutoff altitude, ft/sec
7 20,786.0 = - Constant, altitude
235332.0
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TABLE 10.
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DC ARRAY, MISCELLANEOUS CONSTANTS (CONT)

Array
Loc

Data
Bank
Value

Location Ref

Variable
Name Size

Description

11

12

13
14

15

16

17-31
32

{ 0.3057

4.2561
0.000006875

0.0041023567
1117.1853

0.000000001
1.0

0.01

1.0

0.0
-1.1160

Constant, altitude
235332.0

Constant, altitude
Constant, altitude
<35332.0

Constant, altitude
<35332.0

Velocity of sound at
sea level, ft/sec
Constant 109
Default value of
flutter cutoff
speed, data genera-
tion for flutter
optimization

_program, M

€,,, fraction of sta-
tion distance for
minimum station
increment for
inclusion of add-
mass control station,
data generation fcr
flutter optimization
program.

€y> minimum station
increment for
inclusion of add-mass
control station, data
generation for flutter
optimization program,
in.

Not used

Empirical constant,
flutter requirement
equation
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TABLE 10.

DC ARRAY, MISCELLANEOUS CONSTANTS (CONT)

Array
Loc

Data
Bank
Value

location Ref

Variable
Name

Size

Description

33

34

35

36

37

38

39

40

41

42

43

44

45-59

1480.0

22.5
0.8

0.4

0.7
0.98481

0.17365

- o
* e
[

0.00001

32.174

25.88

0.0

Qo

PT8

PT4

PT7

aps10

SIN1O

GOFPS

VIK

1

Dynamic pressure Q at
sea level, constant
for flutter require-
ment calculations
Bmpirical constant
flutter requirement
equation

Bnpirical constant,
flutter requirement
equation

Empirical constant,
flutter requirement
equation

Bmpirical constant,
flutter requirement
equation

Cos 100, constant,
flutter requirement
equation

Sin 10°, constant,
flutter requirement
equation

Not used

Flutter requirement
factor

Minimm values for A,
o' or A'g', constant
for flutter require-
ment analysis
Acceleration constant,
ft/sec

Bmpirical constant,
T-tail vertical tail
flutter requirement
equation

Not used
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DU ARRAY , MISCELLANLOUS CONSTANIS (UCONT)

Array
Loc -

Data
Bank
Value

Location Ref

Variable
Name

Size

Description

60
61
62-69
(70-74)

70

71

72

%8

74

(75-78)

b

76

o O
o wo
O -

0.600

1 300

0.156

1.000

1.000

0.188

0.250

(SLCFé)

SLCFS(1)
SLCFS(2)

SLCFS(3)

SLCFS(4)

SLCFS(5)

(DRIS)

DRIS(1)

DRIS(2)

(4)

Search tolerance for b/t
Search tolerance for b/t
Not used

Subarray SLCFS, blank
common reference =
D(1470)

ALFg, cover overhand
width at front spar

for average cover Ny,
in.

4lpg, cover overhang
width at rear spar for
average cover Ny, in.
tcap min, minimum front
and rear spar cap gage,
0.156 for aluminum and
adv comp, 0.100 for
titanium, in.

Factor, average tcap
approximation _
Factor, effective t
width for cover over-
hang at front and

rear spars, for

average cover Ny
Subarra: DRIS, blank
common reference =
D(1475)

Fastener diameter, ribs
and stringers for net
tension area calcula-
tions, in.

Fastener diameter,
intermediate spars

for net tension area
calculations, in.
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TABLE 10. DC ARRAY, MISCELLANEOUS CONSTANTS (CONT)
Data Location Ref
Array Bank Variable
Loc " Value Name Size Description

77 .375 DRIS(3) = Fastener diameter,
front and rear spars
for net tension area
calculations, in.

78 .500 DRIS(4) - Fastener diameter,
root rib, in.

(79-89) S (DBL®) (i1) Subarray DBL@, blank
common reference =
D(1479)

79 .080 DBLO(1) - tweb min» Minimum web
gage, bulkheads and
root rib, in.

80 .156 DBIE(Z) - tcap min» minimum
cap gage, bulkheads
and root rib, in.

81 .210 DBLA(3) - corrugation/stiffener
factor, bulkheads and
root rib

82 .375 DBLA(4) - Lcap, bulkhead cap
length, in.

83 .050 DBLA(5) - Area factor, bulkhead
caps and vebs

84 .000 DBLA(6) - Fastener spacing fac-
tor, number of fastener
diameter, bulkheads
and root rib

85 .375 DBLA(7) - Fastener diameter,
bulkheads

86 .000 DBLO(8) - KT, fastener hole
factor, net tension
area for bulkhead
attach skin pad
calculations

87 .125 DBLA(9) - tpad min» minimum skin

pad gage, bulkhead
attach, in.
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TABLE 10. DC ARRAY, MISCELLANEOUS CONSTANTS (CONT)
Data Location Ref
Array Bank Variable
Loc Value Name Size Description
88 1.333 DBLA(10) - Ksk, factor for skin
pads, bulkhead attach
89 1.750 DBLA(11) = KLT, factor for skin
pad width, bulkhead
attach
(90-97) S (DSPLI) (8) Subarray DSPLI, blank
common reference =
D(1490)
90 0.500 DSPLI(1) S D ports chordwise splice
fastener diameter, in.
91 2.5 DSPLI(2) - KD bolt, fastener
spacing factor, number
of bolt diameter,
chordwise splice
92 1.0 DSPLI(3) KT max, tension cutoff
stress for chordwise
splice: <2.0 = fraction
of Fy
>2.0 = FT max
allow-
able,
psi
93 1.5 DSPLI(4) - KBR max» bearing cutoff
stress for chordwise
splice: <2.0 = fraction
of Fpry
>2.0 = Fgp max
allow-
able, psi
94 2.0 DSPLI(5) . ~ Ng, type of splice:
1 = single shear
2 = double shear
95 130,000.0 DSPLI(6) = FS max, allowable shear
stress for bolt, psi

207


http://www.abbottaerospace.com/technical-library

TABLE 10.

DC ARRAY, MISCELLANEOUS CONSTANTS (CONCL)

Data Location Ref
Array Bank Variable
Loc Value Name Size Description
96 0.288 DSPLI(7) - Ppolt» density of bolt
ma*erial (steel),
1b/cu in.
9/ 4.5 DSPLI(8) - K1, factor for splice
width
98-99 0.0 - - Not used
100 - - - Do not use, used as
DLED1(1)
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TABLE 11. ARRAY REFERENCES, ARRAY D

Reference
Location | Name Size' | Overlay Subroutine ,
1 D1 1 9,18 DLPVT, PIVQT
1 - 1 8 CASE, GCOMP, GEQMC, GEAMWW,
TBWDC, VSGEM
14 LETEI, LEWT, TEDEV, TEWT,
TEWTI, WLETE
15 CDL, FDIS, MISCIT, MISCNT,
TBFWI1
16 ABDW, AL@AD, CNSTC, GICAL,
GJSI, GJTT, MTLCwW, MTLFW,
SS2, VLOAD1, YBSET
9 CSECW, DEADW, DWYBA, PIV@T,
PRG, PRTA, TB@PT, TEE,
TEL, VL@QAD1
10 BHDJT, B@T, B@TC, CG3P,
CNSTR, EIGJC, RTRIB,
SECTD, SFSCH, SKWEB, SS,
STBAR, STRG, STRGD, STRIB,
STRIL, STWEB, TSCH, WICAL
18 ACLPAD, ACNSTR, ACPROG,
ACPRTA, ACWMS, ACWRBS,
ASTIFF, ATB@PT, AVLOAD,
BHDJT, CSECW, DEADW, DWYBA,
PIVYT, RTRIB, TEE, TEL,
WTCAL
17 TBFWI, WFLDD, W@DATA, WVFDD
2 D2 1 9,18 DLPVT, PIV@QT
2 = 1 8 ABPXC, CASE, GCOMP, GEMMC,
GE@OMN, TBWDC, VSGEOM
14 GCNTL, LETEI, LEWT, TEDEV,
TEWT, TEWTI, WLETE
15 CDL, FDIS, MISCIT, MISCNT,
TBFWI1
16 ABDW, ALPAD, CNSTC, GJCAL,
GJTT, MTFLW, YBSET
9 CSECW, DEADW, DLPVT, PIVQT,

PRTA, TBPPT, TEE, TEL

209

SEERLET s


http://www.abbottaerospace.com/technical-library

TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)

B G

Reference
Location | Name Size Overlay Subroutine
10 8HDJT, BOT, CG3P, CNSTR,
EIGJC, RTRIB, SECTD, SFSCH,
STRG, STRIB, STRT'., STWEB,
TSCH, VFCAL, WTCAL
18 ACEIGJ, ACLQAD, ACNSIR,
ACPRAG, ACPRTA, ACWMS,
ASTIFF, ATB@PT, BHDJT,
CKSFDH, CSECW, DEADW,
DLPVT, PIVQT, RTRIB, TEE,
TEL, WEIGH1, WEIGH2, WICAL
17 TBFWI, WPDATA, WVFDD
3 D3 1 9,18 PIVQT
3 S 1 8 GEOMW, TBWDC
14 LETEI, LEWT, TEDEV, TEWTI
15 FDIS, MISCIT, MISCNT
16 ALPAD, CNSTC, GJCAL
9 DEADW, TB@PT, TEE, TEL
10 BOT, B@TC, SECTD, STBAR
18 ACNSTR, ATB@PT, DEADW, TEE
TEL
17 WPDATA, WVFDD
4 D4 1 9,18 PIVQT
4 - 1 8 GEQMW, TBWDC, VSGEZM
14 TEDEV, TEWTI
15 TBFWI1
16 MTLFW
9 PIVAT, TB@PT, TEE, TEL
10 BHDUT, CG3P, EIGJC, SFSCH,
STRIL, TSCH
18 ACEIGJ, ACNSTR, ASTIFF,
BHDJT, PIVAT, TEE, TEL
17 TBFWI, WVFDD
5 - 1 14 LEWT, TEWT, TEWTI
9 TBPPT
10 STWEB
6 - 1 8 GCgMP, GE@MMW, VSGBIM
14 TEWTI
9 TBOPT
7 - 1 9 PROG, TBPPT
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
8 - 1 8 ABPXC, DMAX, GEOMC, GEAMW,
' TBWDC
9 = 1 = -
10 = 1 8 TBWDC ‘
14 LEWT, TEWT
15 CDL, FDIS
9 TBPPT, TEE
10 B@T, TSCH
18 TEE
17 WFLDD
11 = 1 8 TBWDC
12 - 1 8 GCaMP
14 LETEI
15 MISCIT, MISCNT, TBFWI1
16 ALPAD, CNSTC, GJTT
9 TEE
10 STBAR, STRIB, STRIL
18 ASTIFF, TEE
17 TBFWI
13 = 1 = -
14 - 1 10 EIGJC
15 PI 1 16 CNSTC
9 PIV@T
10 SECTD, STRIB, STRIL
18 PIV@T, TEMPC
17 WVFDD
15 < 1 9,18 PIVPT, TEE
16 = 1 8 GCOMP, GEPMW, PRTG, VSGEPM
9,18 PIV@T, TEE, TEL
17 WELDD, WVFLD
17 Cl44 1 16 GJTT
17 = 1 8 GCOMP, GEPMW, TBWDC, VSGEPM
14 GCNTL, LEWT, TEWTI
15 MISCNT
16 ALPAD, CNSTC
18 = 1 - -
19 = 1 8 TBWDC
14 GCNTL, LEWT, TEWTI
16 ALPAD, YBSET
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TABLE- (1 I NARRAY |LREFERENGES [R ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
9 CSECW, PIVQT
10 BHDJT, CG3P, RTRIB, STRG,
STRIB, STRIL
18 ACWMS, ACWRBS, BHDJT, CSECW
PIVOT, RTRIB
17 WVFDD
20 - 1 10 EIGJC
21 S 1 14 LEWT, TEWTI
16 GJSI, WDDATA
9,18 PIVPT, TEE, TEL
22 = 1 17 WVFDD
23 > 1 10 STBAR, STRIB
- 24 DKMIR 1 18 ACNSTR, WEIGH1, WEIGH2
24 = 1 9,18 CSECW
10 STBAR, STRIB
25 S 1 10 STRIB
26 - 1 - S
27 = 1 10 BHDJT, STBAR
18 BHDJT
28 = 1 10 STBAR
29 = 1 10 STBAR
30 S 1 10 STBAR
31 = 1 10 TSCH
32 = 1 10 TSCH
33 H 1 10 TSCH
34 = 1 b § TSCH
35 - 1 10 TSCH
36 - 1 10 BoT
37 S 1 10 SFSCH
38 = 1 10 SFSCH
39 - 1 10 SFSCH
40 = 1 10,18 RTRIB
41 - 1 16 SS2
11 SS
42 - 1 15 SS2
10 SS
43 - 1 16 SS2
10 SS
44 c 1 16 SS2
10 SS
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)

Reference
Location | Name Size Overlay Subroutine
45 = 1 16 SS2
10 SS
46 - 1 16 SS2
10 SS
47 - 1 - =
48 - 1 - =
49 = 1 = =
50 - 1 14 TEWTI
1 10 STRG, VFCAL
51 = 1 14 LEWT, TEWTI
16 CNSTC, WDDATA
52 = 1 14 LEWT, TEWTI
53 = 1 = =
54 = 1 10,18 BHDJT
55 = 1 - S
56 = 1 10,18 BHDJT
57 = 1 10,18 BHDJT
58-63 DSPL® 6 10,18 BHDJT
64 S 1 10 BOT, SFSCH, STRIB, TSCH
65 = 1 16 CNSTC, CNSTR
10 CNSTR
66 2 1 16 CNSTC
67 = 1 16 CNSTC
68 = 1 16 CNSTC
69 DKMRR 1 10,18 RTRIB
70 = 1 16 CNSTC
71 = 1 16 CNSTC
72 S 1 16 CNSTC
73 S 1 8 CASE
74 CKNXI 1 10 CNSTR
74 = 1 16 CNSTC
75 S 1 o -
76 = 1 - o
77 - 1 S =
78 1 < -
79 DLFLD 1 15 FDIS
80-82 TOGW 3 8 CASE
9 PIV@AT, PROG, PRTH
10 PRTB, PRTC
18 ACPROG, PIVAT, PRTB, PRTC,
PRTH
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Reference
Location | Name Size Overlay Subroutine
17 PRTD
81 - 1 CCNTL
83 = 1 - o
84 S 1 - .
85 PNZ 1 16 ALPAD
85-86 DPNZ 2 8 CASE
85 . 1 8 CCNTL
86 INZ 1 16 ALAAD
86 = 1 8 CCNTL
87 QVL | 8 CASE
14 LEWI', TEDEV, TEWI
15 MISCNT
87 - 1 8 CCNTL
88 TOGW 1 8 CASE
18 ACLYAL
88 - 1 8 CCNTL
89-92 T@FL 4 8 CASE
89 - 1 8 CCNTL
91 - 1 8 CCNTL
93 DFUEL 1 8 CASE
93 - 1 8 CCNTL
94-97 DLFL 4 8 CASE
16 ABDW
94 S 1 8 CONTL
96 o 1 8 CCNTL
98-101 DLUL 4 8 CASE
98 S 1 8 CCNTL
100 & 1 8 CCNTL
102-105 | DGWI 4 8 CASE
102-104 | DGW 3 9 PIV@T, PROG, PRTA, PRTH
10 PRTB, PRTC
18 ACPR@G, ACPTRA, PIVQT, PRTB,
PRTC, PRTH
17 PRTD
105 DGW 1 8 CASE
14 LEWT
15 FDIS
16 ABDW, ALQAD
19 PROG
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Reference
Location | Name Size Overlay Subroutine
18 ACL@AD, ACPRAG
106 = 1 = =
107 = 1 S =
108 S 1 = 5
109 S 1 = =
110 DWID 1 16 ABDW
110 = 1 8 CCNTL
111 = 1 = =
112 = 1 = =
113 DKDW3 1 9,18 DWYBA
114 DKYB1 1 9,18 DWYBA
115 DYBKS 1 16 YBSET
116 DYBKP 1 16 YBSET
117 DYBDP 1 16 YBSET
118 - 1 = =
119 = 1 = =
120 = 1 c =
121 - 1 - -
122 ULTLF 1 8 CASE
15 CDL
16 MTLCW, VLPAD1
9 DWYBA, VL@AD
18 AVLPAD, DWYBA
123 = 1 = =
124 AC 1 9, 18 PIVQT
125-127 | TBIBX 3 8 ABPXC, GEOMW
125 FSL@C 1 9,18 PIVAT
126 RSLOC 1 9,18 PIVPT
127 = 1 8 CCNTL
128 TBYIB 1 8 CEDMY
129 TBYYB 1 8 GEDMW
130-134 | - 5 S =
135-137 | TB@BX 3 8 GEAMW
138 SWPPC 1 8 GEAMW, GCoMP
138 = 1 8 CCNTL
139 YPBD 1 8 TBWDC
140 = 1 = =
141 YIBTC 1 8 GEPMW
142 YPBTC 1 8 GEPMW, TBWDC
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ARRAY “REFERENCES = ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
143 AFID 1 8 ABPXC, DMAX, GE@MC, GEAMW,
TBWDC

144 DKDWD 1 15 FDIS
144 S 1 8 CCNTL
145-148 | YAF 4 8 GEAMC
149-152 |AFN 4 8 GEPMC
153 AFCC 1 8 ABPXC
154 E 1 S S
155 - 1 - =
156 DP1 1 9,18 PIVQT
157 DP2 1 9,18 PIV@T
158 - 1 S -
159-166 | DFLD1 8 16 ABDW

18 ACLRAD
167-174 | pChL1 8 16 ABDW

9 PROG

12 ACL@AD, ACPRAG
175 WYREF 1 8 GEOMW
175 = 1 8 CCNTL
176 WXREF 1 8 GeyMW
176 c 1 8 CCNTL
177 WCREF 1 8 GEOMW
177 - 1 8 CCNTL
178 WEREF 1 8 GEAMW
178 - 1 8 CCNTL
179-185 | - 7 - -
186 DEPTH 1 9,18 PIVQT
187 = 1 & =
188 - 1 - S
189 PERFTU 1 9,18 PIVPT, TEL
190 RATFSU 1 9,18 PIV@T
191 RHPPIN 1 9,18 PIV@T
192 CKA 1 9,18 PIV@T, TEE, TEL
193 CKB 1 9,18 PIV@T, TEE, TEL
194 CKC 1 9,18 PIV@T, TEE, TEL
195 FBR i 9,18 PIVOT
196 DPVMN 1 1 MILCW
196 S 1 8 CCNTL
197 DPVMT 1 16 MTLCW

216



http://www.abbottaerospace.com/technical-library
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REFERENCES, ARRAY D (CONT)

Reference

Location | Name Size Overlay Subroutine

197 = 1 8 CCNTL

198 @DPVT 1 9,18 PIVPT

199 DN 1 9,18 PIVQT, TEE

199 = 1 8 CCNTL

200 DYPVT 1 8 GUOMP, PRTG, VSGEOM
16 GJCAL, MTLCW
9 PIVQT, TB@PT
18 ATBPPT, PIVQT
17 PRTD

200 = 1 8 CCNTL

201 DYPVT 1 8 VSGEPM

201 XPVT 1 9,18 PIVQT

201 - 1 8 CCNTL

202 THPFWD 1 9,18 PIVPT, TEL

202 - )} 8 CCNTL

203 THPAFT 1 J,18 PIVQT

203 - 1 8 CCNTL

204 TTDIH 1 D7/ WPDATA

204 = 1 8 CCNTL

205 SLDID 1 16 ALPAD
18 ACLPAD

206-219 | DFL 14 15 FDIS

206-219 | - 14 8 CCNTL

220-231 | CAL1 12 16 ADPAD

232 DEXPV 1 16 ALPAD

233 DCPKL 1 16 ALQAD

234 DKVL 1 9 PRAG
18 ACPR@G

235 ALGS 1 16 ALQAD

236 ALGAR 1 16 ALPAD

237 ALGTR 1 16 ALPAD

238 ALGB1 1 16 ALPYAD

239 ALREF 1 16 ALPAD

239 = 1 8 CCNTL

240 WAREA 1 8 GCoMP, GEAMW
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TABLE 11.

ARRAY REFERENCES, ARRAY D (CONT)

Reference
Location | Name | Size Overlay Subroutine
i4 LEWT
16 ALPAD
240 S 1 8 CCNTL
241 WAR 1 8 GCOMP, GEAMY
241 S 1 8 CCNTL
242 WSWP 1 8 GCOMP, GEZMW
242 S 1 8 CCNTL
243 TCIB 1 8 GEAMW
243 WI¥C 1 9,18 PIV@T
243 - 1 8 CCNTL
244 WIR 1 8 GCOMP, GEPMY
9,18 PIV@T
244 5 1 8 CCNTL
245 WSIG 1 8 GEAMW
9,18 PIV@T
245 - 1 8 CCNTL
246 DSFUS 1 8 GEPMW
246 CCSPN 1 9,18 CSECW
246 = 1 8 CCNTL
247 WDIH 1 8 GEPMW
247 S 1 8 CCNTL
248 ZDIH 1 8 GE@AMW
248 = 1 8 CCNTL
249 = 1 8 CCNTL
250 DLWG 1 8 CASE
251 VFID 1 16 GJCAL
18 ACPROG, ACPRTA, ASTIFF
252 VFK 1 8 GEPMW
253 VEQ 1 8 GEAMW
253 = 1 8 CCNTL
254 VFG 1 8 GEOMW
254 < 1 8 CCNTL
255 DALV 1 16 ALMAD
256 DALCP 1 16 ALPAD
257 DCPCD 1 16 ALPAD
258 DMN 1 16 MI'LCW
259 DMTI 1 8 GEPMW, VSGEM
16 MTLCW
18 ACLPAD
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TABLE 11. ARRAY REFERENGES j=ARRAY.~(CONT)

Reference
Location | Name Size Overlay Subroutine
259 - 1 8 CCNTL
260-270 ) PNZM 11 16 ALPAD
271 DINID 1 18 ACPRP, ACPRTA
17 WODATA
272-273 | DFXF 2 17 WFLDD
274-275 | DFXC 2 16 CDL
17 WFLDD
276-277 | DVFF 2 17 WVFDD
278-279 | DVFC 2 17 WVFDD
280 DINTP 1 17 PINTY, WFLDD
281 DIMPB 1 18 ACPROG
282 DIMPGJ 1 8 GEoMW
282 - 1 8 CCNTL
283 DIMPFL 1 18 ACPRAG
284 DIMPF) 1 18 ACPRAG
285-286 |UPNZ 2 8 CASE
285 UPNZ 1 15 CDL
16 VLPAD1
9 DWYBA, VL@AD
18 DWYBA
285 ULTNZ i 14 LEWT
286 UNNZ 1 16 VL@AD1
9 VLPAD
18 AVLPAD
287 DQVL 1 8 CASE
’ 18 AVLPAD
288 s 1 = S
289 DHVID 1 8 CASE
14 LEWT, TEDEV, TEWT
289 VTID 1 16 ABDW, GJCAL, MTLCW, MTLPW,
YBSET -
10 SECTD
18 ACLPAD
17 PRTD, WPDATA
289 - 1 8 CCNTL
16 VL@AD1
9 VL@AD
290 VH1 1 17 WFLDD
291 VH2 1 17 WFLDD
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TABLE 1l. ARRAY REFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
292 DFkL 1 17 WFLDD
293 DGFL 1 17 WFLDD
294 = 1 - =
295 DGWVF 1 17 WVEDD
296 CGFS 1 17 WVFDD
297 DGWIY 1 17 WVFDD
298 DGWIX 1 17 WVFDD
299 WWPC 1 17 WVEDD
300 WWCY 1 17 WVFDD
301 WWCX 1 17 WVFDD
302 WWCIY 1 17 WVFDD
303 WWCIX 1 17 WVFDD
304 VAN 1 17 WVEDD
305 VFALT 1 17 WVEFDD
306 VFRH@ 1 17 WVEFDD
307 VFDE 1 17 WVEDD
308 VFDG 1 17 WVEDD
309 VFKSP 1 17 WVFDD
310 DIT 1 16 GJTT
310 - 1 8 CCNTL
311 - 1 - -
312 CJFAC 1 8 GEgMW, VSGEPM
313 GJYI 1 8 GEOMW, VSGEOM
314 GJKI 1 16 GJCAL
315 GJYD 1 8 GE¢MY, VSGEPM
316 GJKD 1 16 GJCAL
317 ART 1 16 GJCAL
318 ATP 1 16 GJCAL
319 : 1 - E
320 DLLMDA 1 8 GEOMW, PRTG, VSGEPM
320 3 1 8 CCNTL
321 QLMDA 1 8 VSGEpM
321 - 1 8 CCNTL
322 GLMDA 1 8 VSGEPM
322 : 1 8 CCNTL
323 TLMDA 1 8 VSGEPM
323 = 1 8 CCNTL
324 DKLMDA 1 8 VSGEZM
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
325-334 | - 10 - -
338 TTVFT 1 16 GJCAL
335 - 1 8 CCNTL
336 AMACH 1 16 GJTT
337 TIVFQ 1 16 GJTT
Q 1 16 GJTT

337 - 1 8 CCNTL
338 TIVFG 1 16 GJCAL
338 - 1 8 CCNTL
339 TTJFC 1 16 GJTT
339 - 1 8 CCNTL
340 GJS 1 8 GE@QMW, VSGEMM
341 GJAR 1 8 GEOMW
342 GJTR 1 8 GEgMW
343 GJB1 1 8. GEAMW, VSGEPM
344 GJTC 1 8 GEPMW
345 GJSIG 1 8 GEZMW
346-356 | DGJI 11 16 GJCAL
357 TTID 1 16 GJCAL
358 - 1 8 CCNTL
359 - 1 8 CCNTL
360 YIHT 1 16 GJTT
360 = 1 8 CCNTL
361 STRFN 1 16 CNSTC

10 SECTD, SFSCH, STBAR, STRG,

STRG@, STRIL, TSCH

362 CKSK 1 16 CNSTC
363 CKSTI 1 16 CNSTC
364 CKSTZ 1 16 CNSTC

10 STRIL
365 SKKMN 1 16 CNSTC
366 SKKMX 1 16 CNSTC
367 CONTC 1 16 CNSTC

10 SECTD
368 DVFID 1 16 CNSTC
369 DWND 1 9 PROG

12 ACPR@AG
370 SKMN 1 16 CNSTC, YBSET
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Reference
Location | Name Size | Overlay Subroutine
1o BHIMT, CNSTR, SECID, TSCH,
WICAL
18 BIDST, WICAL
371 STRMN 1 10 YBSLT
19 SECTD, SFSCH, STRG, STRG®,
TSCH
372 RBMG 1 10 STRIB
373-374 | SWBMG 2 10 STWEB
375 STIMN 1 10 CNSTR, STBAR, TSCH
18 ATB@P1
375 - 1 9 PROG, TBAPT
10 CNSTR
376 STIMX 1 10 CNSTR, STBAR, TSCH
18 NIBOPT
370 1 ) PREG, TBOPT
10 CNSTR
377 HSIMN | | 15 FDIS
1o CNSTC, YBSET
10 CNSTR, SECTD, STRG, TSCH
18 ATB@PT
377 - 1 9 PROG
378 HSTMX 1 10 CNSTR, SECTD, STRG, TSCH
18 ATB@PT
378 = 1 9 PRAG
379 STAMX 1 16 YBSET
10 SECTD, STRG, STRGP
18 ATBPPT
380 BMIN 1 16 CNSTC, YBSET
10 CNSTR, SECTD
18 ATBOPT
380 . 1 9 PROG, TBOPT
10 CNSTR
381 BMAX 1 16 CNSTC, YBSET
10 SECTD
18 ATBPPT
381 S 1 9 PROG, TBAPT
10 CNSTR
382 SNMIN 1 16 UNSTC, YBSET
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
10 SECTD
18 ATBQPT
382 = 1 9 PROG, TBAPT
10 CNSTR
383 STRCN 1 16 CNSTC
18 ATBOPT
383 = 1 10 PROG
384 STPAMN 1 16 CNSTC, YBSET
10 SECTD, STRG, STRG® TSCH
18 ATBQPT
385 SDCMX 1 16 CNSTC
386 SDTMX 1 16 CNSTC, MTLCW
387 SDSMX 1 16 CNSTC
388 SDFCL 1 16 CNSTC
389 ELWR 1 16 CNSTC
390 RHOL 1 16 CNSIC
391 EFLWR 1 16 CNSTC
392 CKNXL 1 16 ALPAD, CNSTC
10 CNSTR
393 COLID 1 10 STRIL
394 SKMNL 1 16 CNSTC, YBSET
10 CNSTR, SECTD
395 TKMNL 1 10 CNSTC
10 CNSTR, SECTD
396 DRVT 1 10 STBAR
397 TRVT 1 10 STBAR, STRIB
398 SDFTU 1 16 CNSTC
399 SNMAX 1 18 ATBQPT
400 CFRIB 1 10 STRIB
18 ACNSTR, ACWSTR, WEIGH1,
WEIGH2
401 CKLR 1 16 CNSTC
402 CKGR 1 16 CNSTC
403 CORMN 1 10 SRRIB
404 CORMX 1 10 SRRIB
405 RBLCP 1 10 STRIB
400 DELTW 1 10 STRIB
407 CFIX 1 10 STRIL
18 ACWSTR
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)

Reference
Location | Name Size Overlay Subroutine
408 DCCSH 1 16 CNSTC
409 DCCSF 1 16 CNSTC
410-411 | SWKMS 2 10 STWEB, WICAL, WTPIN
18 ACNSTR, WICAL, WIPIN,
WEIGH1, WEIGH2
412-413 | SFSRS 2 16 CNSTC
414-415 | SWRHD 2 16 CNSTC
416-417 | SWBE 2 16 CNSTC
418-419 | SWWST 2 10 STWEB
420-4.1 | SWBST 2 10 STWEB
422 DELTW 1 10 STWEB
423-424 | SWBCP 2 10 CNSTR, STWEB
18 ACNSTR, ACWMS, ACWRBS,
ASTIFF, WEIGH1, WEIGH2
425-426 | SWKST 2 10 STWEB
427-428 | SWBCF 2 18 ACNSTR, WEIGH1, WEIGH2
429 ACKNP 1 18 ATBOPT
430 ACID 1 10 PRTB, PRTC
18 ACNSTR, ACPRTA, ASTIFF,
ATB@PT, PRTB, PRTC
17 WVFDD
431 ACCVID 1 18 ACPRTA, ATBOPT, TEMPC
432 ACVSTU 1 18 ATBOPT
433 ACVSTL 1 13 ATBPPT
434 ACFDHC 1 18 ACWFDH
435 ACSPID 1 18 ATBPPT
436 ACFSID 1 18 ATBOPT
437 ACRSID 1 18 ATBOPT
438 ACSSID 1 18 ACWMS, ACWRBS, ATB@PT
439 = 1 - -
440 DSKLMU 1 18 ATBOPT
441 DSKLML 1 18 ATB@PT
442 DSTIMU 1 18 ATBOPT
443 DSTLML 1 18 ATBOPT
444 DB@TEP 1 18 ACSTRG
445 DPPAEP 1 18 ACMRSK
446 = 1 - -
447 - 1 - -
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)

Reference
Location | Name Size Overlay Subroutine
448 - 1 = =
449 - 1 - -
450 EBASC 1 16 CNSTC
451 GBASC 1 16 CNS1C
452 GLWRT 1 16 CNSTC
453-454 | GFSRT 2 16 CNSTC
455 STRSK 1 10 B@T, SFSCH, STRG, TSCH
456 STRRY 1 10 BATC, SFSCH, STRG
457 ACKIC 1 18 ATB@PT
458 ACPNLI 1 18 ATBOPT
459 ACPNLF 1 18 ATBPPT
460 ACPNLR 1 18 ATBPPT
461 CNSID 1 16 CNSTC, YBSET
9 TBOPT
10 BHDJT, B@T, BOTC, RTRIB,
SECTD, STBAR, STRG, STRIB,
STRIL, TSCH, WTCAL
18 BHDJT, RTRIB, WTCAL
17 PRTD
462-469 | DSPR 8 10,18 BHDJT, RTRIB
462 DTC 1 16 CNSTC, YBSET
10 BAT, SECTD, SFSCH, STRIL
18 ATBOPT
463 DCRH@® 1 16 CNSTC
464 DBRHY 1 16 CNSTC
18 ACNSTR, ACWSTR, WEIGH1,
WEIGH2
465 DINS 1 16 CNSTC, YBSET
18 ATB@PT
466 DTCL 1 16 CNSTC, YBSET
|' 10 SECTD
18 ATBPPT
467 DINSL 1 16 CNSTC, YBSET
18 ATB@PT
469 DINRH® 1 18 ATBOPT
470 DPFRI{) 1 18 ~ ATBOPT
471 = 1 S =
472 = 1 = o
373 = 1 = -
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Reference
Location | Name Size Overlay Subroutine
474 = il = =
475 = 1 = =
476 = 1 e =
477 = 1 = S
478 = 1 = =
479 - 1 = -
480 CSWD 1 8 TBWDC
9,18 CSECW
iV WODATA
481 CSDEL 1 9,18 CSLCW, DLPVT
481-510| DELCS 30 17 PRTD
482-509| DELCS 28 9,18 CSECW
482-505| DLCS 24 9 DLPVT, TB@PT
18 ATBPPT, DLPVT
502-505| DLCR 4 9, 18 CSECW
506 CSFS 1 8 TBWDC
520 DELST 1 10,18 RTRIB
521-528 | DSTIE 8 16 CNSTC
10,18 RTRIB
529 = 1 = =
530-536 | DELPV 7 9,18 DLPVT
17 PRTD
537-549] - 13 - -
550-573 | DKS 24 10 SKWEB, STWEB
574-578 | D3KP ) 10 TSCH
18 ATBZPT
575 = 1 10 PRTEK
570 = 1 10 PRTBK
577 - 1 10 PRTBK
578 = 1 10 PRTBK
579 DKMPLI 1 18 ATB@PT
580-594 | CFMTL 5,3 18 TEMPC
595 CFBMU 1 18 TEMPC
596 CFBCY 1 18 TEMPC
597 DFSRH® 1 18 ATBOPT
598 DSTRCS 1 18 ACMRSK
599 DSTRC6 1 18 ACMRSK
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Reference
Location | Name Size Overlay Subroutine
600-629 | DLTB 30 8 CASE
16 CNSTC
601 DLLE 1 8 CASE
602 DLTE 1 8 CASE
603 DLMS 1 8 CASE
630-638 | - 9 = =
639-649 | DKFCU 11 10 CISTR
650-660 | DBLHD 11 10 CNSTR, SECTD
18 ACNSTR
661-671 | DIJONT 11 10 CNSTR, SECTD
18 ACNSTR
672-685| - 14 = =
| 686 DLDID 1 8 CASE
687-697 | VPNZ 11 16 ALPAD
698-708 | VNNZ 11 16 ALPAD
709-719 | ZNNM 11 16 ALPAD
720 S 1 = =
721-731 | DCSKU 11 10 CNSTR
732-742 | DCSKL 11 10 CNSTR
743-753 | DTSKU 11 10 CNSTR
754-764 | DTSKL 11 10 CNSTR
765-775| DCBST 11 9 PROG, TB@PT
10 CNSTR
18 ACWMS, ACWRBS
776-786 | DCNYS 11 9 PROG, TBPPT
10 CNSTR
18 ACWMS, ACWRBS
787-797 | DCLST 11 10 CNSTR
798-808 | DCHST 11 10 CNSTR
809-819| DLCFS 11 10 CNSTR
820-830| DLCRS 11 10 CNSTR
831-841| DKNXL 11 10 CNSTR
842-852] DVFS 11 16 VL@AD1
9 VL@AD
18 ACWMS, ACWRBS, AVLQAD
853-863| DVRS 11 16 VLPAD1
9 VLPAD
18 ACWMS, ACWRBS, AVLPAD
864 DYID 1 8 TBWDC
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TABLE: 11, ARRAY RCFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
864 = i 8 CCNTL
865-875 DYS 11 8 TBWDC
865-875 3 11 8 CCNTL
876-886 DTBW 11 8 TBWDC
887-897 JTBD 11 8 TBWDC
898-908 DFS 11 8 TBWDC
909-919 DRS 11 8 TBWDC
920-930 = 11 = =
931-941 DNXU 11 16 YBSET
10 CNSTR, EIGJC, SECTD, SFSCH
18 ACWMS, ACWRBS
942-952 DNXIL 11 10 CNSTR, EIGJC, SECTD, SFSCH
18 ACWMS, ACWRBS
953-963 = 11 - -
964-974 S 11 - 2
975-985 - 11 = g
986-996 - 11 = S
997-1007 DYBU 11 l6 YBSET
1008-1018 | DKFIL 11 10 CNSTR
1019-1029 | PNET 11 16 AL@AD
1030-1040 | ZNNT 11 16 AL@AD
1041-1051 | DYBL 11 16 YBSET
1052-1087 |- 36 - -
1088-1119 |DIBX 32 8 CASE
10,18 WICAL
1120 DTBZI 1 15 FDI 3
1121-1142 |D!8Z 22 15 FDIS
1143-1154 |DINTI 12 14 LEWT, TEWT
15 FDIS
1155-1163 |ENP 9 18 ACEIGJ, ACMRSK, ACNSTR,
ACPRAG, ACSTRG, ACWFDH,
ACWMS, ACWRBS, ACWSTR,
ASTIFF, ATBPPT, CKSFDH,
CKSTAB, TEMPC, WEIGHI,
WEIGI2
1164-1169 |ENH 6 18 ACNSTR, ACPRTA, ACWFDH,
ACWMS, ATB@PT, CKSFDH,
CKSTAB, TEMPC
1165 CFBE 1 18 TEMPC
1166 CFBG 1 18 TEMPC
\
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONT)
Reference
Location | Name Size Overlay Subroutine
1170-1204 TC 5,7 18 TEMPC
1205-1234 DLE 30 14 LEWT
1235-1279 DTE 45 14 TEWT
1280-1294 DCDL2 15 15 CDL
1280 = 1 8 CCNTL
1295-1304 - 6 S =
1301-1322 DCNST] 22 9 PROG
18 ACPROG
1323-134;- . 25 = =
1348-1354 STFNH 5 18 ACSTRG, ACWSTR
1353-1357 STENF 5 18 ACSTRG, ACWSTR
1358-1364 - 7 - S
1365 DOPT 1 9 PRAG
1366 DOPTJ 1 9 TBPPT
1367-1374 D@P2 4 9 TBPPT
18 ACWMS, ACWRBS
1371-1374 D@P3 4 9 TBOPT
18 ACWMS, ACWRBS
1375-1384 - 12 = =
1387-1397 - 12 = =
1399 DPPTP 1 9 PROG
1400 2 1 = <
1401-1504 DC 100 = DEFINED IN TABLE 10.
1470-1474 SLCFS 5 16 YBSET
10 BHDJT, CNSTR, STWEB, WTCAL
18 ACNSTR, ACWMS, ACWRBS,
ASTIFF, BHDJT, WEIGH1,
WEIGH2, WTCAL
1475-1478 DRIS 4 10 SECTD, SFSCH
1479-1489 DBLY 11 10,18 BHDJT, RTRIB
1490-1497 DSPLI 8 16 CNSTC
10,18 BHDJT
1498 5 1 = =
1499 = 1 = =
1500-1529 DLED1 30 14 LEWT
1530-1579 DLEDK 50 14 LEWT
1580-1609 DTED1 30 14 TEDEV
1610-1729 DTED2 120 14 TEDEV
1730-1744 DSPDK 15 14 TEDEV
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TABLE 11. ARRAY REFERENCES, ARRAY D (CONCL)

Reference
Location | Name Size Overlay Subroutine
1745-1764 {DFLPK | 20 14 TEDEV
1765-1794 {DAILK | 30 14 TEDEV
1795-1819 | DFSP 25 14 TEDEV, TEWTI
1820-1854 | DMWT 35 15 MISCNT
1820-1827 | - '8 8 CCNTL
1855-1954 | DCDL 100 15 (DL
17 WVFDD
1855-1857 | - 3 8 CCNTL
1860-1865 | - 6 8 CCNTL
1867-1869 | - 3 8 CCNTL
1872-1877 | - 6 8 CCNTL
1879-1881 | - 3 8 CCNTL
1884-1889 | - 6 8 CCNTL
1891-1893 | - 6 8 CCNTL
1896-1901 | - 3 8 CCNTL
1903-1910 | - 8 8 CCNTL
1915-1922 | - 8 8 CCNTL
1927-1929 | - 3 8 CCNTL
1932-1937 | - 6 8 CCNTL
1955-1969 | DTIP 15 15 MISCNT
1970-1984 | DKDIN 15 14 LETEI
15 FDIS, MISCIT, MIiSCNT
17 WIDATA
1985-2007 | DLE 23 8 GEAMC
2008-2030 | DTE 23 8 GEAMC
2031-2052 | DTC 22 8 GCAMP, GEAMC
2053-2060 | - 8 = g
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST

Variable D Array Overlay References

Name Location Size | 8 14 1 15| 16| 9 10| 18} 17
AC 124 1 9 18
ACCVID 431 1 18
ACFDHC 434 1 18
ACFSID 436 1 18
ACID 430 1 10| 18| 17
ACKIC 457 1 S
ACKNP 429 1 18
ACPNLF 459 1 18
ALPNLI 458 1 18
ACPNLR 460 1 18
ACRSID 437 1 18
ACSPID 435 1 18
ACSSID 438 1 18
ACVSTL 433 1 18
ACVSTU 432 1 18
AFCC 153 1 8
AFID 143 1 8
AFN 149-152 4 8
ALGAR 236 1 16
ALGB1 238 1 16
ALGS 235 1 16
ALGTR 237 1 16
ALREF 239 1 16
AMACH 336 1 16
ART 317 1 16
ATIP 318 1 16
BMAX 381 1 16 10| 18
BMIN 380 1 16 10] 18
CAL1 220-231 12 16
CCSPN 246 1 9 18
CFBE 1165 1 18
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TABLE 12. D ARRAY VARTARIES CROSS-REFFRENCE 1 TST (CONT)

Variable | D Array Overlay References

Name Location Size | 8 14| 15] 16| ¢ 10 18] 17

CFBCY 596 1 18

CFBG 1166 1 18

CFBMU 595 1 18

CFIX 407 1 101 18

CRMIL 580-594 5,3 18

CFRIB 400 1 10y 18

CGFS 296 1 17

CKA 192 1 9 18

CKB 193 1 9 18

CKC 194 1 9 18

CKGR 402 1 16

CKLR 401 1 16

CKNXI 74 1 10

CKNXL 392 1 16 10

CKSK 362 1 16

CXSTI 363 1 16

CKSTZ 364 1 16

CNSID 461 1 16§ 9 10f 18} 17

COLID 393 1 10

CONTC 367 1 16 10

CORMN 403 1 10

CORMX 404 1 10

C@s10 1438 1 16

CSDEL 481 1 9 18

CSFS 506 1 8

CSWD 480 1 8 9 18] 17

Cl44 17 1 16

DALIK 1765-1794| 14 14

DALCP 256 16

DALV 255 16

DBKP 574-578 5 10| 18

DBLHD 650-666 11 10] 18

DBL9 1479-1489| 11 10| 18

DB@TEP 444 1 18

DBRHD 464 1 i 16 18
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TARIT 12, 1Y ARRAY VARTARIES CROSS-RETTRENCT 1T1ST  (CONTY
Variable D Array Overlay References
Name Location Size | 8 14 | 15] 16| 9 10| 18| 17
DC 1401-1500 | 100 14 |15 |16 ]| 9 10 | 18 | 17
DCBST 765-775 11 9 10 | 18
DCCSF 409 1 16
DCCSH 408 1 16
DCDL 1855-1954 | 100 15 17
DCDL1 167-174 8 16 | 9 18
DCDL2 1280-1294 |15 15
DCHST 798-808 11 10
DILST 787-797 11 10
DCN@S 776-786 11 9 10 | 18
DCNST3 1301-1322 | 22 9 18
DCPCD 257 1 16
DCPKL 233 1 16
DCRH@ 463 1 16
DCSKL 732-742 11 10
DCSKU 721-731 11 10
DEFL 292 1 17
DELCS 581-510 30 17
DELCS 482-509 28 9 18
DELPV 530-536 7 9 18 | 17
DELST 520 1 10 1 18
DELTW 406 1 10
DELTW 422 1 10
DEPTH 186 1 9 18
DEXPV 232 1 16
DFL 206-219 14 15
DFLD1 159-166 8 16 18
DFLPK 1745-1764 | 20 14
DFREIK 1404 1 18
DFS 898-908 11
DFSP 1795-1819 | 25 14
DFSRH@ 597 1
DFUEL 93 1 18
DFXC 274-275 2 16 17
DFXF 272-273 2 17
DGFL 293 1 17
DGJI 346-356 11 16
DGW 102-104 3 9 10| 18 | 17
DGWI 102-105 4
DGW@ 105 1 14 115116 ] 9 18 | 17
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)

Variable D Array Overlay References

Name Location Size | 8 14| 15} 16y 9| 10| 18| 17
DGWIX 298 1 17
DGWIY 297 1 17
DGWVF 295 1 17
DHVID 289 I 8 14

DINID 271 1 18 | 17
DINRAD 469 1 18
DINS 465 1 16 18
DINSL 467 i 16 18
DINTI 1143-1154 | 12 14 | 15

DINTP 280 1 17
DJ@NT 661-671 i1 10 | 18
DKDIN 1970-1984 | 15 14 |15 17
DKDWQ 144 1 15

DKDW3 113 1 9 18
DKFCU 639-649 11 10

DKFTL 1008-1018 | 11 10

DKLMDA 324 1 8

DKMIR 24 1 18
DKMPLI 579 1 18
DKNXL 831-841 11 10

DKMRR 69 1 10| 18
DKS 550-£73 24 10

DKVL 234 1 9 18
DKYB1 114 1 9 18
DLCFS 809-819 11 10

DLCR 502-505 4 9 18
DLCRS 820-830 11 10

DLCS 482-505 24 9 18

DLDID 686 1 8

DLE 1205-1234 1 30 14

DLE 1985-2007 | 23 8

DLEDK 1530-1579 | 50 14

DLED1 1500-1529 | 30 14

DLFL 94-97 4 8 16

DLFLD 79 1 15

DLLE 601 1 8

DLLMDA 320 1 8

DLMS 603 i 8

DLTB 600 1 8

DLTE 602 1 8
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)

Variable D Array Overlay References

Name Location | Size | 8 14 | 15| 16 9| 10| 18| 17
DLUL 98-101 4 8

DLWG 250 1 8

DMN 259 1 16

DMT'I 259 1 8 16 18
DMWNT 1820-1854| 35 8 15

DN 199 1 9 18
DNXC 942-952 11 10| 18
DNXU 931-941 11 16 101 18
DAPT 1365 1 9

DOPTJ 1366 1 9

DAPTP 1399 1 9

DoAP2 1367-13/0| 4 9 18
DOP3 1371-1374] 4 9 18
DFPRHD 470 1 18
DPNZ 85-86 2 8

DPPAEP 445 1 18
DPVMN 196 1 16

DPVMT 197 1 16

Ll 156 1 9 18
DP2 157 1 9 18
DQVL 287 1 8 18
DRS 909-919 11 8

DRIS 1475-1478] 4 10
DRVT 396 1 10
DSFUS 246 1 8

DSKIML 440 18
DSKIMU 441 1 18
DSKDK 1730-1744| 15 14

DSPLI 1490-1497| 8 16 10} 18
DSPLY 58-63 6 10 18
DSPR 462-469 8 10] 18
DSTIE 521-528 8 16 10{ 18
DSTIML 443 1 18
DSTIMU 442 1 18
DSTRCS 598 1 18
DSTRC6 599 1 18
DTBD 887-897 11 8

DTBW 876-886 11 8

UTBX 1088-1119] 32 8 10] 18
DTBZ 1121-1142] 22 15
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)

Variable D Array Overlay References

Name Location | Size | 8 | 14| 15| 16| 9 | 10§y 18] 17
DTBZI 1120 1 15

DTC 462 1 16 10| 18
prc 2031-2052| 22 8

DTCL 466 1 16 10| 18
DTE 1235-1279{ 45 14

UTE 2008-2030| 23 8

DTED1 1580-1609| 30 14

DTED2 1610-1729| 120 14

DTIP 1955-1965] 15 15

DTMPB 281 1 18
DIMPFL 283 1 18
DTMPFD 284 1 18
DIMPGJ 282 1 8

DTSKL 754-764 11 10

DTSKU 743-753 11 10

DTT 310 1 16

DVFC 278-279 2 17
DVFID 368 1 16

DVFF 276-277 2 17
DVFS 842-852 11 16| 9 18
DVRS 853-863 11 16} 9 18
DWID 110 1 16

DWND 369 1 9 18
DXPVT 201 1 8

DYBDP 117 1 16

DYBKP 116 1 16

DYBKS 115 1 16

DYBL 1041-1051{ 11 16

DYBU 997-1007 | 11 16

DYID 864 1 8

DYPVT 200 1 8 161 9 181 17
DYS 865-875 1 8

D1 1 1 9 18

D2 2 1 9 18

D3 3 1 9 18
D4 4 1 9 18
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TABLE 12. 1) ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)
Variable D Array Overlay References
Name Location | Size | 8 14| 15| 16| 9 | 10| 18| 17
EBASC 450 1 16
EFLWR 391 1 16
ELWR 389 1 16
ENH 1155-1163 9 18
ENP 1164-1169 6 18
FBR 195 1 9 18
FSL@C 125 1 9 18
GBASC 451 1 16
GFSRT 453-454 2 16
GSAR 341 1 8
GJB1 343 1 8
GJFAC 312 1 8
GJKI 314 1 16
GJKD 316 1 16
GJS 340 1 8
GJSIC 345 1 8
GJTC 344 1 8
GJTR 342 1 8
GJYI 313 1 8
GJYD 315 1 8
GLMDA 22 1 8
GLWRT 452 1 16
GOFPS 1443 1 16
HSTMN 377 1 15 ] 16 10 18
HSTMX 378. 1 10 18
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)
Variable ) Array Overlay References
Name Location Size | 8 14| 15| 16| 9 10| 18| 17
@DPVT 198 1 9 18
PERFTU 189 1 9 18
PI 15 1 16 | 9 10| 18 | 17
PNZ 85 1 16
PNZM 260-270 11 16
PNZT 1019-1029 11 16
PT4 1436 1 16
PT7 1437 i 16
PT8 1438 1 16
Q 337 1 16
QLMDA 321 1
QUL 87 1 14 |15
Qo0 1433 1 16
RATFSU 190 1 9 18
RBLCP 405 1 10
RBMG 372 1 10
RHQL 390 1 16
RHOPIN 191 1 9 18
RSLAC 126 1 9 18
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)
Variable D Array Overlay References
Name Location Size | 8 14| 15| 16} 9| 10| 18] 17
SDOMX 385 1 16
SDFCL 388 1 16
SDFTU 398 1 16
SDSMX 387 1 16
SDTMX 386 1 16
SFSRS 412-413 A 16
SIN10O 1439 1 16
SKKMN 365 1 16
SKKMX 366 1 16
SKMN 370 1 16 10 | 18
SKMNL X094 1 16 10
SLCFS 1470-1474 5 16 10| 18
SLDID 205 1 16 18
SNMAX 399 1 18
SNMIN 382 1 16 10| 18
STIMN 384 1 16 101 18
STAMX 379 1 16 101 18
STFNF 1353-1357 5 18
STENH 1348-1352 5 18
STLMN 375 1 10| 18
STIMX 376 1 10| 18
STRCN 383 1 16 18
STREN 361 1 16 10
STRMN 371 1 16
STRRY 456 1 10
STRSK 455 1 10
SWBCF 427-429 2 18
SWBCP 423-424 2 10 | 18
SWBE 416-417 2 16
SWBMG 373-374 2 10
SWBST 420-421 2 10
SWKMS 410-411 2 10| 18
SWKST 425-426 2 10
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)
Variable D Array Overlay References
Name Location Size | 8 14| 15| 16| 9 10| 18] 17
SWPPC 138 1 8
SWRHP 414-415 2 16
SWWST 418-419 2 10
TBIBX 125-127 3 8
TBPBX 135-137 3 8
TBYIB 128 7 8
TBYPB 129 2 8
TC 1170-1204 5,7 18
TCIB 243 1 |8
THPAFT 203 1 9 18
THPFWD 202 1 9 18
TKMNL 395 1 16 10
TIMDA 323 1 8
TPFL 89-92 4 8
TOGW 80-82 3 |8 9 10| 18| 17
TOGWD 88 1 |8 18
TRVT 397 1 10
TTID 357 1 16
TTIDH 204 1 17
TTJEC 339 1 16
TTVFG 338 1 16
TTVFQ 337 1 16
TIVFT 335 1 16
ULTLF 122 1 8 151 16| 9 18
ULTNZ 285 1 14
UNNZ 2860 1 16 | 9 18
UPNZ 28% 1 151161} 9 18
UPNZ 285-286 2 8
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TABLE 12. D ARRAY VARIABLES CROSS-REFERENCE LIST (CONT)

Variable D Array Overlay References

Name Location Size | 8 14| 15| 16| 9 10| 18} 17
VFALT 305 1 17
VFDE 307 1 17
VFDG 308 1 17
VEG 254 1 8
VFID 251 1 16 18
VFK 252 1 8
VFKSP 309 1 17
VAN 304 1 17
VFQ 253 ] 8
VFRHA 306 1 17
Vi1 290 1 17
VH2 291 1 L7
VNNZ 698-708 11 16
VPNZ 686-696 11 16
VTID 28Y 1 16 10 18| 17
VIK 1444 1 16
WAR 241 1 8
WAREA 240 1 8 14 16
WCREF 177 1 8
WDIH 247 1 8
WEREF 178 1 8
WSIG 245 1 8 9 18
WSWP 242 1 8
WI@C 243 1 9 18
WIR 244 1 8 9 18
WWCIX 303 1 17
WWCIY 302 1 17
WWCX 301 1 17
WWCY 300 1 17
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TABLE 12,

D ARRAY VARIABLES CROSS-REFERENCE LIST (CONCL)

Overlay References

Variable D Array

Name Location Size | 8 | 14| 15| 16| 9 10| 18| 17
WWPC 299 1 17
WXREF 176 1 8

WYREF 175 1 8

XPVT 201 1 9 18
YAF 145-148 4 8

YIBTC 141 1 8

YIHT 360 1 8

Y@BD 139 1 8

YPBTC . 142 1 8

ZERD 1403 1 9 18
ZDIH 248 1 8

INNM 709-719 11 16

INNT 1030-1040 11 16

INZ 86 1 16
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TABLE 13.

ARRAY REFERENCES, ARRAY ND

Reference
Location | Name Size Overlay Subroutine
1 ND1 1 9,18 DLPVT
10 CG3P, STRIB, VFCAL
1 N1 1 16 GJTT
1 - 1 8 CAER@, CASE, CCNTL, DMAX,
GEQMC, GEQMW, PRTG, TBWDC
14 CT@T1, GCNTL, LETEI, LEWT,
TEDEV, TEWT
15 CDL, CT@T2, FDIS, MISCIT,
TBFWI1
16 ALPAD, CNSTC, GJCAL, MILCW,
MTLFW, MTLPW, YBSET
9 DEADW, DWYBA, PR@G, PRTA,
PRTH, TB@PT
10 BHDJT, B@T, CG3P, CNSTR,
EIGJC, SECTD, SFSCH, SRRIB,
STBAR, STRG, STRG@, STWEB,
TSCH, VFCAL, WTCAL, WIPIN
18 ACEIGJ, ACL@AD, ACNSTR,
ACPRAG, ASTIFF, ATB@PT,
AVL@AD, BHDJT, DEADW,
DWYBA, PRTH, WICAL, WTPIN
17 CT@T, PINT®, PRTD, TBFWI,
WFLDD, W@DATA, WVFDD
2 ND2 1 9,18 DLPVT
2 N2 1 16 GJIT
2 - 1 8 CCNTL, DMAX, GOAMP, TBWDC
14 GONTL, LETEI, LEWT, TEDEV,
TEWT, TEWTI, WLETE
15 CDL, FDIS, MISCIT, PRIM,
TBFWI1
16 ALQAD, CNSIC, GJCAL, MTLCW,
v MILFW, VL@AD1, YBSET
9 CSECW, DWYBA, PROG, PRTA,
TB@PT, VLPAD
10 BHDJT, B@T, CG3P, CONSTR,

EIGJC, PRTB, PRTBK, PRIC,
SECTD, SFSCH, SRRIB, STBAR,
STRG, STRGP, STRIB, STWEB,
TSCH, VFCAL, WTCAL
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TABLE 13.

ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
18 ACEIGJ, ACLPAD, ACNSTR,
ACPRG, ACPRTA, ASTIFF,
ATB@PT, AVL@AD, BHDJT,
CSECW, DWYBA, PRTA, PRTC,
WEIGH1, WTCAL
17 PINT@, PRTD, TBFWI, WFLND,
WPDATA, WVFDD
3 ND3 1 9,18 DLPVT
3 - 1 8 CONTL
14 LETEI, TEDEV, TEWTI
15 CDL, MISCIT, MISCNT
16 CNSTC, MTLFW
9 CSECW, PR@G, PRTA, TB@PT
10 CG3P, CNSTR, PRTBK, SECTD,
SFSCH, SRRIB, STBAR, STRG,
STRGA, TSCH, VFCAL, WIPIN
18 ACEIGJ, ACLQAD, ACPRAG,
ASTIFF, AVL@AD, CSECW,
WEIGH1, WTPIN
17 PINT®, PRTD, WFLDD, W@DATA,
WVFDD
4 ND4 1 9,18 DLPVT
4 - 1 8 CONTL, GEOMW, VSGEMM
14 CT@T1, GCNTL, LETEI, LEWT,
TEDEV, TEWT, TEWTI
15 (D', CIgT2, FDIS, MISCIT,
MISONT, PRTM, TBFWI1
16 AL@AD, GJCAL, MTLFW, WDDATA
9 CSECW, DWYBA, PR@G, TBPPT
10 CNSTR, SFSCH, STRG, TSCH,
VFCAL, WTPIN
18 ACEIGJ, ACLPAD, ASTIFF,
CSECW, DWYBA, WTPIN
17 CT@T, PINT@, PRTD, TBFWI,
WFLDD, WBDATA, WVFDD
5 = 1 8 CONTL, DMAX
14 TEDEV
15 CDL, MISCIT
16 MTLFW
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)
Reference
Location | Nume | Size | Overlay Subroutine
9 PRPG, PRTA, TB@PT
10 CNSTR, PRTBK, PRTC, SFSCH,
TSCH
1 ACLQAD, ACPRIG, ACPRTA, PRTC
17 PINT®, WVFDD
6 - 1 8 CCNTL, GEMC, PRTG
16 ALPAD, MTLFW
9 PRTA, TB@PT
10 CNSTR, PRTB, SFSCGH, TSCH
18 ACNSTR, /CPRTA, PRTB
17 PINT®, %VFDD
7 - L 8 CCNTL
15 FDTS
10 PRTB, PRTC, SFSCH, STWEB,
TSCH
18 ACNSTR, PRTB, PRTC
17 PINTQ
8 - 1 8 CCNTL
14 TEWTI
15 FDIS, MISONT
9 PRTA, PRTH
10 PRTC, SFSCH, TSCH
18 ACPRTA, PRTH
17 PINT®
9 ND9 1 9,18 DLPVT
9 S 1 8 CCNTL
15 TBFWI1
9 PRTH, TBYPT
10 SFSCH, TSCH
18 ATB@PT, PRTH
17 PRTD, TBFWI, WVFDD
10 ND10 1 9,18 DLPVT
10 - 1 8 CCNTL, GC@MP, PRTG
14 LEWT
15 CDL, FDIS, MISCIT, TBFWI1
16 WDDATA
9 PROG, PRTA, TBPPT
10 SFSCH, STWEB, TSCH, WTCAL
18 ACPRG, ACPRTA, WICAL
17 TBFWI, WVEDD

245

g ,.ﬁi‘;‘..jﬁfﬁ ﬁ’!ii i ii a


http://www.abbottaerospace.com/technical-library

TABLE 13.

ARRAY REFERENCES, AKRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
11 N11 1 16 GJTT
11 - 1 8 CAERY, CCNTL, DMAX, GCoMmP,
PRTG .
14 CT@T1, GCNTL, LETEI
15 CbL, CT@T2, FDIS, MISCIT,
TBFWI1
o DEADW, PRTA
10 BHDJT, SFSCH, TSCH, WTCAL
18 ACNSTR, ACPRTA, BHDJT, DEADW,
WTCAL
17 CT@T, PINTY, TBFWI, WVFDD
12 N12 1 16 CJTT
12 - 1 8 CCONTL
14 LETEI
15 CDL, FDIS, MISCIT
16 ALOAD, GJCAL, GJIT, VL@AD1,
WDDATA, YBSET
9 DWYBA, PRAG, PRTA, PRTH,
TBOPT, VLOAD
10 BOT, CNSTR, EIGJC, PRTB,
PRTC, SFSCH, SECTD, WTCAL,
WIPIN
18 ACLQAD, ACNSTR, ACPR{G,
ACPRTA, AVLQAD, DWYBA,
PRTE, PRTC, PRTH, WTCAL,
WIPIN
17 PINT®, WPDATA, WVFDD
13 S 1 8 CONTL
9 SFSCH
14 s 1 8 CCNTL
9 SFSCH
15 S 1 8 CCNTL
9 SFSCH
16 S 1 8 CONTL
9 TSCH
17 - 1 8 CONTL
9 TSCH
18 . 1 8 CCNTL
9 TSA{
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
19 - 1 8 CCNTL
10 EIGJC
20 - 1 8 CCONTL
21 MATLI 1 16 MTLCW, MTLFW, MILPW
17 PRTD
22 ISC 1 16 CNSTC
9 PR@G, SECTD, TBQPT
23 IPA 1 9 TB@PT
18 ATB@PT
24 IPB 1 9 TBOPT
10 CNSTR
18 ACNSTR, ATB@PT
25 NDwP 1 9 PRAG
18 ACPROG
26 I 1 8 CASE
14 GCONTL, LETEI, LEWT, TEDEV,
TEWT, TEWTI
15 CDL, FDIS, MISCIT, MISCNT,
TBFWI 1
17 TBFWI1
J 1 9 DWYBA
18 DWYBA
LT1 1 10 TSCH
NN 1 16 MTLCW, MILPW
27 1 1 9 PRTA
17 PRTD
J 1 16 YBSET
L 1 9,18 DWYBA
LT2 1 10 TSCH
M 1 17 WVEDD
N 1 14 GCNTL, LETEI, LEWT, TEDEV,
TEWT, TEWTI
15 CDL, FDIS, MISCIT, MISCNT,
PRTM, TBFWI1
9 PROG
18 ACPROG
17 TBFWI
28 I 1 16 YBSET
9 PROG
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
10 PRTB
18 ACPRZG, PRTB
IRGP i 10 PRTBK
J 1 9 PRTA
17 PRTD
K 1 14 GCNTL
L 1 14 TEDEV, TEWT
15 CDL, FDIS, MISCIT, MISCNT,
PRTM
16 MTFLW
9,18 CSECW
17 WFLDD, WVFDD
LT3 1 10 TSCH
M 1 9,18 DWYBA, DLPVT
N 1 10,18 WTCAL
NA 1 14 LETEI
29 I 1] 16 ALQAD
9 TBAPT
10 CNSTR, PRTC, SECID, SFSCH,
TSCH, WTCAL
18 ACL@AD, PRTC, WTCAL
17 PINT@, WFLDD, WQDATA, WVFDD
J 1 15 CDL, MISCIT
10,18 PRTB
K 1 15 TBFWI1
16 MILFW, YBSET
9 CSECW, DEADW, DLPVT, DWYBA,
PROG
10 PRTBK
18 ACPRAG, CSECW, DEADW, DLPVT,
DWYBA
17 PRTD, TBFWI
KK 1 8 DMAX
LCCR 1 18 AQMRSK, ACWSTR
NS 1 14 LETEI
30 1 1 9,18 DEADW
10 B@T, EIGIC
IN 10 TSCH, SFSCH
J 1 16 ABDW, CNSTC
9 CSECW, DLPVT
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size | Overlay Subroutine
10 VFCAL, WIPIN
18 CSECW, DLPVT, WIPIN
K 1 14 LEWT, TEDEV, TEWT
15 CDL, FDIS, MISCIT, MISCNT
16 ALPAD
9 PRTA
10 CNSTR, PRTB, PRTC
18 ACLPAD, PRTB, PRIC
KD 1 14 LETEI
L 1 17 PRTY
N 1 8 AB@XC, GEOMW
14 TEWTI
16 MI'LFW, VL@AD1
9 VLOAD
10 PRTBK, STWEB
18 ATB@PT, AVL@AD
17 PINT@, WFLDD, WVFDD
NS 1 15 TBFWI1
17 TBFWI
31 I 1 16 CNSTC, MILCW, MILFW, MTLPW
9,18 CSECW
10 PRTBK
IK 1 14 LETEI
IWD 1 8 TBWDC
K 1 16 VL@AD1
9 VL@AD
, 18 AVL@AD
. 7 PINT@, WFLDD, WVFDD
3 KK 1 10 BAT
j- M 1 14 LEWT, TEDEV, TEWTI
15 CDL, "DIS, MISCIT
: N 1 16 ABDVW, ALPAD
9 9 DEADW, DLPVT, PRTA, PRTH,
TB@PT
10 CNSTC, PRTB, PRTC, SFSfH,
E% STRIB, TSCH, VFCAL, WIPIN
s 18 ACLQAD, DEADW, DLPVT, PRTB,
F PRTC, PRTH, WIPIN
L:‘ 17 PRTD
k
k
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)
Reference
Location | Name Size | Overlay Subroutine
NA 1 15 TBFWI1
17 TBFWI
NMAX 1 18 ACMRSK, ACWFDH, ACWMS, ACWRBS,
ACWSTR, CKSFDH, CKSTAB
32 I 1 17 TPINT
IFD 1 14 TEDEV, TEWTI
IKI | 10 B@#T, SECTD, SFSCH
KD 1 15 TBFWI1
17 TBFWI
NSKIN 1 18 ACMRSK, ACWSTR
33 IFK 1 14 TEDEV
I 1 10 STBAR
1P2 1 15 MISCIT, PRTM
NSTIFF 1 18 ACSTRG, ACWSTR
34 IL 1 10 STBAR
IL1 1 10 TSCH
1LS 1 18 ACWSTR
35 IL2 1 10 TSCH
IM 1 10 STRG
IMN 1 10 STBAR
NLS 1 18 ACWSTR
36 IL3 1 10 TSCH
NLR 1 18 ACWSTR
37 IWEB 1 10 SECTD, STWEB
LSTRCR 1 18 ACMRSK
38 NI 1 10 SRRIB, STRIB
39 IK 1 10 B@T, CG3P, PRTBK, SFStH,
STRG, STWEB, TSCH
KI 1 10 STRIB
40 IL 1 10 CG3P, TSCH, SiFSCH
41 ILCASE 1 18 ACLOAD, AQMRSK, ACPREG,
ACWFDH, ACWMS, ACWRBo,
ACWSTR, TEMPC
KFC | 10 SFSHH
N1 | 10 VEFCAL
42 LF1 1 10 SESCH
N2 1 10 VFCAL
SKC@DE 1 18 ACWMS, ACWRBS, WEIGH1
43 LF2 1 10 SFStH

250



http://www.abbottaerospace.com/technical-library

'mt‘ Ai.'r“?"'a ol A ] . L e B e B R e I

TABLE 13. ARRAY REFERENCES, ARRAY ND (OONT)

Reference
Location | Name Size Overlay Subroutine
N3 1 10 VFCAL
SPOADE 18 ACWMS, ACWRBS, ACWSTR, WEIGH1,
WEIGH2
44 LF3 1 10 SFStH
N4 1 10 VFCAL
TYPE 1 18 ACWMS, ACWRBS, ACWSTR
45 191 1 10 SFSCH
ISK1 1 10 TSCH
SFCPDE 1 18 ACWMS, ACWRBS, WEIGH1, WEIGHZ
46 192 1 10 SFSCH
ISK2 1 10 TSCH
SRCODE 1 18 ACWMS, ACWRBS, WEIGH1, #EIGHZ
47 IC 1 9,18 DLPVT
ICB 1 10,18 BHDJT
IMX 1 10 SFSM
48 IC 1 10 CNSTR, WTCAL
18 ACNSTR, WTCAL
49 ICD 1 16 CNSTC
9 TB@PT
10 CNSTR, SECTD
50 IDVF 1 10 SECTD
51 IDSK 1 10 TSCH
IVF 1) 10 CNSTR, EIGJC, PRIB, PRIC,
SECTD, SFSCH, VFCAL
18 PRTB, PRTC
52 IB 1 10 SECTD, SFSCH
53 IVEJT 1 16 CNSTC
10 PRTB, VFCAL
18 PRTB
54 LID 1 8 CASE
16 ABDW, AL@AD, VL@AD1
9 VLPAD
18 AVL@AD
55 ISEC 1 8 ABPXC, TBWDC
10 BHDJT, CNSTR, EIGJC, PRTB,
PRTBK, PRTC, SECTD, SFSCH,
STWEB, WICAL, WIPIN
18 ACNSTR, BHDJT, PRTB, PRIC,
WTCAL, WIPIN

251


http://www.abbottaerospace.com/technical-library

TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
NSTAT 1 18 ACMRSK, ACSTRG, ACWMS, ACWRBS,
ACWSTR, CKSFDH, CKSTAB
55 - 1 10 CG3p
56 NODW 1 16 VL@AD1
9 DEADW, DWYBA, PR@G, PRTA,
PRTH, TB@PT, VLQAD
10 CNSTR, PRTB, PRTBK
18 ACPRPG, ACPRTA, ATB@PT,
AVLQAD, DEADW, DWYBA, PRTB,
PRTH
56 = 1 10 CG3p
57 IGT 1 9 PROG, TB@PT
IGW 1 9 DLPVT, PIV@T, PRTH
10 PRTB, PRTC
18 DLPVT, PIVQT, PRTB, PRTC,
PRTH
58 - S S Not used
59 NMATL 1 8 CONTL
16 MI'LCW
60 NCASE | 8 CONTL, PRTG
14 WLETE
16 ABDW, AL@AD, GJTT, MTLPW,
VL@AD1
9 DEADW, DWYBA, PIVPT, PRTA,
PRTH, VL@AD
10 PRTB, PRTC
18 ACL@AD, ACPRTA, AVL@AD, DEADW,
DWYBA, PIV@PT, PRTB, PRIC,
PRTH
17 PINT®, PRTD, WFLDD, WPDATA
61 IGW 1 16 VLPAD1
9 DEADW, DWYBA, PR@G, PRTA,
TB@PT, VLPAD
18 ACPR@AG, ACPRTA, ATB@PT,
AVL@AD, DEADW, DWYBA
17 WODATA
62 ISEC i 18 ACWMS, ACWRBS
63 - - = Not used
64 S = - Not used
65
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONT)

Reference
Location | Name Size Overlay Subroutine
66 ILWRC 1 10 SECTD
67 NAF 1 8 DMAX, GE@MC
68 NCSEC 1 8 TBWDC
16 ALPAD
10 CNSTR
69 - - - Not used
70 IRG 1 10 STRG, STRGD
71 IMX 1 10 SECTD, STRG, STRGP, TSCH
72 IBT 1 10 SECTD, TSCH
73 IPPT 1 9 TBAPT
74 IPPI 1 9 PROG, PRTA, TBOPT
10 CNSTR
75 19PD 5 9 TBPPT
76 = - Not used
77 - S = Not used
78 S S = Not used
79 - S S Not used
80 10PJ 1 9 PRTA, TB@PT
10 CNSTR
81 10PP 1 9 PRTA, TB@PT
82 19P1 1 16 VLYAD1
9 PRAG, PRTA, PRTH, TB@PT,
VL@AD
10 ONSTR, PRTB, PRTC
18 AVLOAD, PRTB, PRTC, PRTH
83 19PS 1 9 PROG
84 1@PC 1 9 PRAG
85 NPAGE 1 8 CCNTL
9 PRTA
18 ACPRTA
86 ISG 1 10 SFSCH
87 ISTB 1 10 TSCH
i 88 ISTRG 1 10 STRG
89 - - - Not used
% 90 - - S Not used
4 91 S = 2 Not used
§ 92 IF3 1 16 MI'LCW
2 9 CNSTR
] 93 1F4 1 9 PRAG, TBPPT
;}’ 18 ACPROG, ATB@PT

%

e
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TABLE 13. ARRAY REFERENCES, ARRAY ND (CONCL)

Reference
Location | Name Size | Overlay Subroutine

94 = S S Not used
95 . - - Not used
6 o = S Not used
97 IF¢ 1 9 PROG

18 ACPRAG

17 WODATA
98 - = S Not used
99 S - S Not used
100 > = o Not used
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TABLE 14. ARRAY REFERENCES, ARRAY DC
Reference
Location | Name Size Overlay Subroutine
1 = 1 17 WVFDD
2 = 1 17 WVFDD
3 ZERD 1 9,18 DLPVT
3 5 1 8 ABPXC, CASE, DMAX, GCOMP,
GEOMC, GE@PMW, PRTG, TBWDC,
VSGEPM
14 GCNTL, LETEI, LEWT, TEDEV,
TEWT, TEWTI, WLETE
15 CDhL, FDIS, MISCIT, MISCNT,
TBFWI1
16 ABDW, ALPAD, CNSTC, GJCAL,
GJTT, MTLFW, VL@AD1,
WDDATA, YBSET
9 CSECW, DEADW, PRAG, PRTA,
TBPPT, VLPAD
10 BHDJT, B@T, CNSTR, EIGJC,
RTRIB, SECTD, SFSCH, STBAR,
STRG, STRIB, SIRIL, STVFEB,
TSCH, VFCAL, WTCAL,WTPIN
18 ACEIGJ, ACLOAD, ACNSTR,
ACPROG, ACPRTA, ACWSTR,
ATBPPT, AVL@AD, BHDJT,
CSECW, DEADW, RTRIB, WTCAL,
WIPIN
17 PRTD, TBFWI, WFLDD, WPDATA,
WVFDD
4 DFREIK| 1 18 ACEIGJ
4 = 1 10 EIGIC
5 = 1 17 WVFDD
6 = 1 17 WVFDD
7 = 1 17 WVFDD
8 = 1 17 WVFDD
9 = 1 17 WVFDD
10 = 1 17 WVFDD
11 = 1 17 WVFDD
12 = 1 17 WVFDD
13 = 1 9 PRTA
14 c 1 17 WVFDD
15 = 1 17 WVFDD
16 = 1 17 WVEDD
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TABLE 14. ARRAY REFERENCES, ARRAY DC (CONCL)
Reference
Location | Name Size Overlay Subroutine
17-31 - S - Net used
32 2 1 16 GJCAL
33 Q0 1 16 GJTT
33 & 1 16 GJCAL
34 = 1 16 GJCAL
35 PT8 1 16 GJTT
35 - 1 16 GJCAL
36 PT4 1 16 GJTT
36 - 1 16 GJCAL
37 PT7 1 16 GJTT
37 = b 16 GJCAL
38 C@s10 1 16 GJTT
38 - 1 16 GJCAL
39 SIN10 1 16 GJTT
39 - 1 16 GJCAL
40 - S = Not used
41 - 1 16 GJCAL
42 5 1 16 GJCAL
43 GOFPS 1 16 GJTT
44 VIK 1 16 GJTT
45-59 - - - Not used
60 - | 10 BATC
61 - 1 10 BOTC
62-69 S = - Not used
70-100 |- - D array references (refer to
Tables 8 and 10.)
I
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Section II

METHODOLOGY

INTRODUCTION

The wing and empennage module of SWEEP is a fully integrated module that
analytically determines weight and mass distributions of the major structural
components of lifting s. rfaces. The developed logic and analytical procedures
are designed for use during preliminary design phases of aircraft design.
Logic for assumptions and optional computational procedures are programmed and
data manipulation designed so that this module can be used from the initial
conceptual period through the point design study phase of preliminary design.
However, the program is geared primarily to provide quick but rational esti-
mates of weight, weight distributicns, and preliminary estimates of design
criteria and requirements in a phase zero operational environment, when only
minimal engineering date are available and fast reaction time is important.

One of the primary objectives toward which the logic and computational
routines are structured is to produce weight sensitivities to
(1) configuration-oriented lifting surface geometry, (2) vehicle design
criteria and specifications, (3) structural design criteria and specifications,
and (4) fabrication and design-oriented criteria and constraints.

The program is basically designed to evaluate wing surfaces of fixed or
variable-sweep designs primarily constructed of metallic materials. Minor
logic changes plus inclusion of additional analysis routines and input data
allow for analysis of empennage surfaces, including T-tail configurations.
Torque boxes constructed of advanced camposite materials such as boron/epoxy
and graphite/epoxy are evaluated by execution of a separate segment of the
module. This segment consists of analysis routines designed to synthesize and
evaluate torque box camponents using procedures similar to those used for
metallic analysis. Similar assumptions for structural idealization, external
load reactions, structural synthesis, and weight analysis are made, where
possible, to insure compatible results between the two methods.

Lifting surfaces are treated as long slender cantilever beams resisting
shears and bending moments through a system of covers and supporting struc-
tures. A three-dimensional approximation of the main box structure is modeled
fron planform geometry and airfoil parameters so that cover and support struc-
ture weights can be synthesized at 11 structural stations to satisfy imnosed
constraints of vehicle criteria and design. The synthesis technique considers
design criteria and loadings, physical geometries, material nroperties, types
of construction, fabrication and design constraints, etc, in the development
of structural sections which are optimized to satisfy strength, stiffness, and
stability of the cover and support structures. The synthesized structural
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data are used in determining weight and weight distributions by a weight
evaluation routine. The estimates are based on volumetric integration of the
optimized structural requirements to which weight indexing factors are applied;
weight increments for unique and/or local structure requirements such as dis-
continuities, cutouts, splices, etc, are determined through control indicators
and weight factors. Leading edge, trailing edge, tip, and secondary structural
camponent weights are computed from program-derived geometric data, statistical,
and vehicle environment data.

The module consists of five interrelated sections programmed for an
integrated analysis of lifting surfaces:

1. Mathematical description of the physical features of the general
lifting surface and structural component geometries

2. Synthesis and/or processing of design criteria and requirements
3. Structural synthesis of the primary structural box

4, Mass properties evaluation of the major structural camponents of the
lifting surface

5. Processing and tabular output of results of mass properties prediction
and optional output of results of the preceding four design synthesis
~d analysis

Figu.e 13 is a functional flow diagram showing the major parts of the
win; and empennage weight estimation module. The iteration loop includes
required logic programmed to (1) damp out effects of design loads changes
resulting from differences in assumed to calculated torque box weights, and
(2) damp out effects of couple arm changes resulting from changes in torque box
cover requirements. Figure 14 shows the general logic and evaluation sub-
routine flow for the module metallic analysis. Logic and evaluation flow for
advanced composite designs is similar, except for the detail analysis pro-
cedures used for torque box synthesis and optimization.

The structural synthesis/weight analysis scheme provides a detailed
evaluation of the structural requirements and mass properties characteristics
of lifting surface structures by treating each major component separately.
Weights are synthesized at various control points on the planform based on
specifications in the input data set and processed into a weight distribution
surface (Figuie 15). The surface is integrated numerically for necessary
mass properties data.

The wing and empennage module consists of eight overlays with subprograms

written to perform one or more of the five tasks previously listed. The first
overlay, overlay (8,0), includes the subroutines that campute necessary
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MODULE INPUT DATA
PROCESS & PROGRAM
CONTROL INITIALIZATION

l

GEOMETRY DATA DEVELOPMENT
THREE-DIMENSIONAL DESCRIPTION OF
TORQUE BOX, LE AND TE STRUCTURES

!

ANALYSIS CONTROL
SETUP ITERATION CONTROL

YES

AND SETUP DESIGN DATA
FOR SYNTHESIS ANALYSIS

ITERATE DESIGN
LOADS AS DIRECTED TO
DAMP OUT STRUCTURAL
INERTIA EFFECTS

DESIGN DATA DEVELOPMENT

WD LOADS, FLUTTER FIRST
APPROXIMATION OF INERTIA
LOADS, MATERIAL PROPERTIES

f

STRUCTURAL SYNTHESIS
MULTIRIB STRINGER

MULTISPAR PLATE ¢

HONEYCOMB CONSTRUCTION
SATISFY STRENCTH & STIFFNESS
S1ZINGS FOR COVER ¢

SUPPORT STRUCTURE

:

WEIGHT ANALYSIS
WEIGHT CALCULATIINS ¢
SPANWISE DISTRIBUTIONS

Figure 13

EVALUATE WEIGHTS FOR LE, TE,
PIVOT, SEC. CTRUCTURE
CALCULATE FINAL WEIGHTS

OUTPUT DATA

FINAL WEIGHT SUMMARY
DESIGN DATA, GEOMETRY,
& WEIGHT DISTRIBUTION
SUMMARIES AS REQUIRED

General program functional flow diagram.
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geometry data for use by the other seven overlays. Design data for the
synthesis of the torque box are computed and organized by the routines in
overlay (16,0). Overlays (14,0) and (15,0) are weight analysis overlays.

Mass properties estimates are made by routines in these overlays for the syn-
thesis analysis; leading edge, trailing edge, store fitting, and tip structure
weight estimates are made by these overlays for the final estimates of these
structures.

Overlays (9,0), (10,0), and (18,0) include the contrcl and evaluation
routines for the structural synthesis and weight analysis of the primary load-
carrying components. Metallic structures are analyzed with overlays (9,0)
and (10,0); advanced composite structures by overlay (18,0).

Overlay (17,0) includes the primary lifting surface weight and desim

summary output routines. Other print subroutines are included in all owv.rlays,
for output of analysis results on option of the user.
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LIFTING SURFACE GEOMETRY

Wing and empennage planforms are described by a system of lines based
on the orthogonal coordinate system shown in Figure 16. The air vehicle
centerline is the X-axis (positive aft), with the apex station as the reference
point to position the wing or empennage surface relative to.the other struc-
tural components of a given vehicle configuration. The Y-axis is parallel to
surface buttock plane stations (positive outboard); the Z-axis is normal to the
X-Y plane defining vehicle water planes (positive up). All planform line
equations used for geometry description are expressed in the form:

X = a(Y)+C 1)
Where
X = X-coordinate, in.
Y = Y-coordinate, in.
a = slope of line (tangent of sweep of line relative tu Y-axis
(positive aft)
C = X-axis intercept of line (fuselage station)

PLANFORM GEGMETRY

Conventional aerodynamic expressions for the theoretical trapezoidal
planform geametry of lifting surfaces are used to define the reference outline
of the surface (Figure 16). Pertinent geometric line and control points and
all other required data are developed from the relationships of:

b - S @
(b/2) € (1 +A)

5 = 144 (3)

C; = AC 4)
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=

Where

R

S = theoretical planform area, sq ft §

AR = planfom aerodynumic aspect ratio
A

planform taper ratio
b = surface aerodynamic span, in.
C, = centerline planform aerodynamic chord, in.
(lr = planform tip chord, in.
The sweep of a reference chord, A reference (quarter chord, leading edge,
etc), and the apex fuselagc station provides the required data to position the
spanwise chords relative to the centerline chord, and the planform relative to

the fuselage. Slopes of chord element lines other than the reference chord
line are determined from one of the following expressions:

- 4 1 (1-A) -
TANAi = TANAR A [ (M\)] [(Ax)R (Ax)i] (5a)
X.r I
i~ R
TWNAi = bz (5b)
Where
AX. = chord element line expressed as a fraction of total

aerodynamic chord

X _. = X-ccordinate of chord element line at planform tip

<
]

X-coordinate of chord element line at X-axis
The X-intercept of chord element lines is detemmined from the expression:

' =i
CL X + AXi €

APEX R (6)
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For computational purposes, the aerodynamic chord at any spanwise Y-station is
determined from:

(]
]

a' Y-TAN(AC) + C,
(6a)

Crre ~ SR

TAN(AC) b/2

All pertinent structural reference lines and coordinates, blended leading
edge, and cranked trailing edge control points are referenced to the theoretical
trapezoided planform. Any required conordinate point is defined to the modu'e
through the input data set by one of the following:

1. Fraction of the semispan for Y, and fraction of the local aerodynamic
chord for X

2. Actual buttock plane station for Y, and actual delta chord forward or
aft of the local leading edge for X

The input data set is ordered so that pertinent geometric coordinates can
be specified, as required, to describe torque box location, fuel cell location,
physical dimensions, locations of control surface devices, locations of
externally mounted stores or nacelles, etc. Nontrapezoidal surfaces
(Figure 17) are defined to the general geometry routines by a system of points
defining delta chords to be incremented to the local trapezoidal leading or
trailing X-coordinate. Adjusted leading or trailing edges between control
points are assumed to bhe represented by straight lines between the control
points. Assumed true aerodynamic chord is determined from evaluation of the
proper straight-lire expressions for the adjusted local leading and trailing
edge.

The general coordinate specification method used in the input data set
and the equation formm of expressing spanwise lines provide flexibility in
defining load reference lines, weigint integration lines, and/or spar planes
not on aerodynamic chord element lines.

For the torque box system shown in Figure 16, if the assumed elastic
axis and rear spars are on the 35- and 60-percent chord element lines, the
front spar plane is defined by a point 20 inches aft of the leading edge at
the wing-to-fuselage joint and the 15-percent chord point at 80 percent of the
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exposed span, and the torque box extends to the buttock plane at 95 percent of
the semispan, 10 data points must be included in the input data set. These
include:

1. Inboard shear tie location, bl/Z

2. Outemmost torque box station, Ygp, which will be assumed to be the
eleventh station in the structural synethesis, 0.95

3. Inboard box control station, b1/2

4. Front spar chordwise control station, inboard, 20.0

5. Rear spar chordwise control station, inboard, 0.60

6. Elastic axis chordwise control station, inboard, 0.35.
7. Outboard box control station, 0.80

8. Front spar chordwise control station, outboard, 0.15
9. Rear spar chordwise control station, outboard, 0.60

10. Elastic axis chordwise control station, outboard, 0.35

CROSS-SECTIONAL GEOMETRY

Spanwise airfoil and thickness ratio snecifications for lifting surfaces
are used to define aerodynamic cross sections. These data, along with the
planform description of the torque box, provide the basis for detemmining the
physical hox data necessary for the structural synthesis and weigit analysis
of the lifting surface (structural box width, maximum and minimum box depth,
structural box cross-sectional area, and mold line depths at the front and
rear spar planes). Figure 18 shows the idealized box section used for struc-
tural synthesis. Figure 19 shows the spanwise variations in structural hox
Jdepth for the blended wing parameters found in Figure 20. As indicated, the
generalized cross-section evaluation procedure accounts for nonlinear spanwise
and chordwise airfoil depth variations. In all cases, the specified aero-
dynamic airfoil is assumed for the true computed aerodynamic chord; at the
depth control stations, the maximum depth is derived from the product of the
specified t/c and the true chord.

Airfoil depth at any planfomm point is determined by straight-line inter-
polation of maximum depths at spanwise control points and from normalized local
chordwise airfoil depth data. Maximum depth control points can bhe defined at
two to 11 snmanwise stations in the input data set by specifying the location of
the control station and the thickness ratio at that point.
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Different airfoils can also be specified at one to four spanwise control
points. ‘The airfoil cross sections are specified in the input data set by
code numbers which determine the type of airfoil to be used and the fom in
which the nomalized ordinate data are to be evaluated. One set of codes pro-
vides for evaluation of local chordwise depths with a polynamial equation,
while the other set directs the evaluation routine to evaluate local chordwise
depths from a table of normalized depths versus reference chord locations.
Polynomial coefficients for six types of airfoils are stored in the data bank
of SWEEP. These coefficients are used for evaluation of local airfoil depths
using the following equation:

1/2
7. = [a)(? o BCLE ok e & e fx.] (7)
i i i il i i i
Where
a, b,c,d, e, and f = polynomial coefficients
X. = fraction of chord at which normalized
! depth is to be evaluated
The true local depth is then determined hy:
D. = Z.xD (%)
i i max

i

The tabulated data in Table 27, are the airfoil depth data used to
determine the coefficients found in Table 26. The data set in the SWEEP data
bank for the second method of defining airfoil cross sections is similar to
the tabulated data. Provisions are made for table data, with up to 48 chord
points for five different airfoils. Depths between chord control points are
determined by straight-line interpolation of ordinates between the control
points. Cross-sectional areas of the structural box are detemmined by nmumeri-
cal integration of depths evaluated at evenly spaced points along the
structural chord.

Variable-sweep surfaces (Figure 21) are defined for the forward design
sweep position. The design data modules of SWEEP evaluate the various swept
geometries, compute the design gross airloads at compatible stations at each
position, and order the proper data for the wing weight evaluation.

The pivot location is specified by the general method of defining a point

on the wing planform. The axis of rotation for the movable panel is assumed
to be nomal to the XY-plane at the dzfined pivot point. The theoretical
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planform geometry of the surface with the movable panel at any swept position
is based on (1) the extension of movable panel leading and trailing edge lines
to the vehicle centerline and (2) the rotated pusition of the points defined
by the intersection of the structural reference line and the theoretical tip
chord. Rotated position coordinates for the control points computed from the
geometric relationships of a line of finite length L, rotated * Adegrees,

L being the distance between the pivot point and the control point.
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TED GEOMETRY
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Figure 21. Variable-sweep wing geometry idealization.
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LIFTING SURFACE DESIGN DATA

Design data for the structural synthesis of the torque box of lifting
surfaces are developed first in the design data development modules o!
SWEEP, and final data are evaluated by special analysis routines in the
wing and empennage weight estimation module, Design loads, flutter stiff-
ness requirements, and material properties data are ordered to conform to
the data 1equirements for the synthesis and weight analysis section,

Six data calculation/dat:. processing functions are performed in this
section:

1. Leading and trailing edge structurc weight and weight
distribution estimation, overlay (14,0)

2. Fuel, wing contents, and external concentrated deadweight and
weight distribution estimation, overlay (15,0)

3. Flutter stiffness requirements estimation, overlay (.6,0)
4. Design airloads data process, overlay (16,0)
5. Material properties data process, overlay (10,0)

6. Initial inertia ioad and couple arm estimation, overlay (16,0)

LEADING AND TRAILING EDGE STRUCTURES

Weight estimates tor all structures forward of the front spar and aft
of the rear spar are made initially to provide weight nd weight distribu-
tion data for inertia load estimates: shear, bending moment, and torsional
moments,  The procedures for weight estimation of these fixed structures
and control surface devices are discussed under "Weight Analysis," in this
section,

Each major structural component of the leading and trailing edge is
processed separately so that local effects of these structures are
reflected in the design loads. Component as well as strip panel weight
centers of gravity and weight moments of inertia are estimated using a
finite grid, numerical integration procedure. The grid pattern consists
of acrodynamic strips and spanwise cuts, resulting in rectangular grids
for which all mass properties characteristics can be evaluated and summa-
tion performed to required control points, Figure 22 shows leading edge
pancl No. 2 with tynical chordwise strips, linite grid cuts for strip
SN, and grid NM, o Each grid is treated as a rectangular panel of uniform
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density Znn, which is dependent upon the location of the centroid of the
grid within the panel, Pitch (IYO), roll (IXO), and yaw (IZO) moments of
irertia of the grid about its centroid are computed from:

1 ,
Iyo = WNM[l—z' @)% + K (DW)Z] (9a)
Iy = Mg [ == (@AY )2 + K (D)2 b
xo = W |73 @y (Dnny) ] (9b)
) R R e 2]
IZO = WNM 1_2' (A.\,\-,) + ﬁ (A\(‘l) (QC)
Where
DNM = airfoil depth at grid centroid
K = inertia factor [or mass distribution along Z-axis

The integraticn of weight, moments, and inertia for the structural
reference system defined by YA and XA depends upon the grid centroid
coordinates and the structural strip boundary lines defined by lines normal
to the YA reference axis through the structural control points Ypj;. All
grid mass properties within a strip are summed at the inboard control
station, Pitch and roll Ij's are rotated into the structural system with
the rotational equations:

2 e 2 .
IYos - ]Yo Cos AEA * IXO‘\’]n AEA (d0a)
oo = Iy C %A, + 1. Sin’
Xo:  'Xo “os "FA yo !l AEA (L0b)

The grid moments abou: cach control station arc determined by
calculating the nomal dis‘ances between the grid centroids and the
strauctural references onis, YA and ih. Total strip weights and moments
arce processed into shears and moments at cach control station for later
e in estimation of lg inertia loads,

I'he weight eviluation routines for leading and trailing edge structures
order geometry, weight, and weight distribution data for fixed structures
and cach defined control device, Provisions are made for thice sets of
leading edge devices and six sets of trailing edge devices - two spoiler
types, three flap types, and one aileron/flap type. Lach device is bounded
by defined Y and N control lines - inboard and outboard, forward and afr..

276


http://www.abbottaerospace.com/technical-library

R R W Y T IV TR .7 WOy v

These data are checked by the strip/grid generator and integration routine
to logically include or bypass control device evaluation., In the cvent

a strip or grid boundary straddles a control device houndary, a weight
correction density factor at that strip or grid is computed based on the
ratio of that part of the device within the strip/grid to the strip/grid
dimensions, The adjusted weight is then assumed to be distributed uniformly
over the complete strip/grid. The minor errors resulting from this con-
dition are assumed to be within the accuracy of the analysis and, in

some cases, counteracted by the existence of inboard and outboard substrips
and forward and aft subgrids.

Control devices added to leading and trailing edges generally replace
fixed structure, except for devices like kruger tlaps and spoilers. Dele-
tion of and/or adjustment of fixed st. w«cture weight distributions within
the boundaries of the particular device is made by the integration routine
based on the type of device indicators and data sets created to define the
boundaries of fixed structure to be deleted or adjusted. Figure 23 shows
a typical example of chordwise distribution at a lcading edge section, If
the control device is a kruger tlap, as shown, threc weight distribution
sets are created - two positive sets for the basic fixed leading edge and
kruger flap, and a negative set for deletion of portions of the fixed
structure,

Straight-line, trapezoidal weight distribution surfaces are assumed
for all leading and trailing edge structures along the aerodynamic chord
to define variations in unit distribution, as shown in Figure 24, and
between primary spanwise control stations to define spanwise weight-per-
inch distributions. The area under each weight distribution line 1s cqual
to the assumed weight, the ordinates being controlled by preprogrammed (but
adjustable with data in the input data set) distribution taper ratios,
Given panel weight, Wp, taper ratio, Ap, panel span, AYp, and inboard
pancl boundary station, Ypig, the surface distribution can be reduced to
straight-line equation form, referenced to the X, Y, Z aerodynamic
coordinate system, using trapezoidal geometric properties. The unit weight,
Zp, at any station Y can be evaluated with Equation 1 as:

Zpy =AY * G (11a)
Cp = ZPIB - ApYpy
7 Sy Dl (11b)
PIB Ay, (1 + Ap)
ZpgB = Ap Ippp (11¢)
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Where

A and C
p 4" Yp

ZPIB and ZPQB

equation constants

unit weight ordinate at inboard and outboard
stations, respectively

The weight distribution taper ratio or spanwise distributions is
always treated as the vatio of the outhuard ordinate to the inboard
ordinate. For chordwise distributions, the taper ratio is always treated
as the ratio of the aft ordinate to the forward ordinate,

Integration of trailing cdge distributizns requires additional data
to process spoiler/flap configurations shown in Figure 25. Although the
procedures are the same as for the leading edges, indicators and factors
are required for the processing logic to (1) sense the combination in order
to prevent deletion of fixed trailing cdge weights twice (first for spoilers,
and second for flaps) and (2) account for increased fixed upper and lower
trailing edge structures forward of the devices.

Total flap weights are estimated as the sum of flap panel and flap
supports and carriages. As indicated in Figure 25, this weight is
proportioned and distributed separately. Panel weights are distributed
between the flap leading edge and trailing cdge, while supports and
carriages are distributed between the rear spar and Xgypr app. This aft
support distribution point depends upon the type of flap configuration
(simple, single-slotted, double-slotted, or triple-slotted), the aft-most
panecl chord, and the leading edge coordinate of this panel. The incre-
mental distance of the cecordinate point aft of the panel leading edge is
presct at a fraction of the pancl chord. This assumed factor also depends
upon the flap type and can be changed with data in the input data set,

NONSTRUCTURAL WING DEADWETGHI

Nonstructural wing deadweight items are analyzed for mass propertics
characteristics by individual subroutines., Weight distribution estimates
are made for fuel, fuel systems, surface controls and equipment subsystems,
and externally mounted components, ‘The mass properties evaluations for
these items arce similar to the procedures used for leading and trailing
cdge structures.

A two-cell fuel containment system is used for wine fuel distribution
(Figure 26). Data describing the locations of the fuel cells must be
indicated to the program, Fuel is assumed to be distributed between these
spanwise stations and the front and rear spars, Eleven evenly spaced

280


http://www.abbottaerospace.com/technical-library

T VB AT L

ABBOTTAEROSPACE.COM

T T R R PR R T T R A

+TE
r"‘-—-.____---
+TE upper
-:“'.}-E‘--‘
lower
-TE

m

et = YrLaps

+ FlEP M
v " YsupTs

\

HE -
ap support, Weuprg

K

Figure 25.

281

Trailing edge structu ¢ chordwise weight distribution.

e


http://www.abbottaerospace.com/technical-library

11 equally spaced stations

Zever ™ “rueL PeueL Psect

X TS g8 182
2

ge2

Figure 26, wing fucl distribution.

282


http://www.abbottaerospace.com/technical-library

distribution control stations are calculated for cach cell to be used for
volumetric computations, using the cquation:

- VYL
waué] = Z 3 A @y * Zpga) (12)

i=1,10
Where
Zgi = fuel weight at station Yg;
4AY¢; = spanwise distance between the 11 fuel cell control

stations

The tuel weight at each control station is first computed from the product
of fuel density (assumed as 0,026 pound per cubic inch, based on 6.5 pounds
per gallon fuel and in-place volume of 251 cubic inches per gallon) times
the torque box cross-sectional arca at that station.

The initial volume computed by the program is used as the fuel volume
in the cell if the input data set does not contain a specified required
volume, However, il the specified volume is larger than the calculated
volume, the program estimated volume is used,

Fuel system weights in cach fuel cell are assumed to be a fraction of
the fuel capacity (assumed value = 0.0223 pound per pound of fuel) and are
distributed with the fuel weight, The initial distribution ordinates are
corrected for the final required capacity plus the weight of the fuel
system by the density correction factor, Kpye;:

W oeuuired canacity + W :
' required capacity + "fuel system (13)
Rpuei =

Wealculated capacity

Fuel and fuel systems mass propertics data are then evaluated for the full-
capacity conditicns, For fuel levels less than capacity, the fuel weight
in each cell is assumed to decrease proportionately over the complete cell.
Thus, full-capacity mass properties can be scaled lincarly to obtain the
desired fuel loading. The scaling factor is derived {rom Equation 13:

Wdesign fuel + Wiuel system

Kfuel = i (13a)

required capacity + Wiuel system
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Mass properties integration of fuel and fuel systems is based on linear
spanwise distributions between the 11 control stations and is uniformly
distributed along the structural chord. An evaluation routine similar to
that described for the leading and trailing edge evaluation is used, The
basic reference system, however, is the structural reference system defined
by Y, and Xpe

This integration routine is also used for both initial and final
evaluation of torque box structure mass properties. Initial estimates for
torque box weight distributions are programmed as part of the fuel dis-
tribution subroutine.

The input data set must include weight and distribution parameters for
surface controls and equipment subsystems and externally mounted components.,
Three types of distiibution schemes are provided for subsystems and miscell-
aneous items: (1) uniform distribution over the planform of the box,

(2) spanwise line distributions at two different locations on the planform
where the total weight is assumed to be distributed spanwise (weight per
inch) and acting at the specified line, and (3) six sets of concentrated
weights acting at a given coordinate point (Figure 27).

Up to seven externally mounted components (stores, nacelles, lanuing
gear, etc.) can be described in the data set., Data for these items include
weight and X, Y, Z location parameters for the centroid of the mass., These
are sufficient for deadweight loud analysis. However, for moment of inertia
computations, additional data are required, consisting ot a data set indi-
cator and inertia properties or geomctric data necessary to compute moments
of inertia about the mass centroid (Figure 28). Mass properties data are
evaluated by these weight distribution routines for each set of internal
and external mass items indicated in the input data set.

FLUTTER STIFFNESS REQUIREMENTS

Required structural box stiffness for the prevention of flutter is
evaluated by special analysis routines in overlay (16,0) of the module.
Subroutines GJCAL and GJST are used for prediction of required stiffness
of conventional surfaces, while subroutine GJTT, under control of GICAL,
is used for T-tail vertical tail analysis, The programmed procedures are
based on the methods discussed in Volume IV, 'Material Properties,
Structure Temperature, Flutter and Fatigue.'

The equations presented in Volume IV are used to predict required
torque box stiffness distributions along the structural span. The evalua-
tion procedure results in estimates of torque box stiffness levels, GJ, at
the 11 structural analysis stations, These stiftness levels are treated
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as minimum design requirements by the structural synthesis/weight analysis
routines of the module. The data processing logic is programmed to allow
for the use of input required stiffness levels in lieu of computed
requirements.

The prediction equations used for conventional surfaces are an integrated
form of Equation 17, Volume IV. The programmed equation for determining

’

required GJi at any structural station \Ai has the form:

i ee’ KSWP ' l\gwmi €V * GV C3V3;l (14)

Where

K _and K_ general planform geometry and critical
ce swp  © > - :
speed-related expirical factors

¢y, C,, and (I3 = collected torque box geometry-related

1’
constants
hgcomi’ Vli’ VZi’ and V3i = collected local torque box geometry

related variables

Definitions for the preceding terms are:

_1.11(,}(\1(3' _
K ) (14a)
ce n.x] 2
1,480 [1 o
4 = 22 [0.4 + 0.7 Cos (Aca - 10°
kSWp - | + 0.7 Cos (Aca - 10°)] (14b)
. 7
Cra 1= f] W;D;
Kocomi o 14¢.
geoni |51 - AY|lw; + Dy (14c)
. 3
¢ = .(’1 - A') 14d)
[3(1 - Xa")’] [AC(1 - A'a')(t/c)']
. 1
“ Tl - AN(RS - FS)1] (14e)
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I Ln(X'g") . A)
37 |G -6p] [T -No) () " - N) (RS - FS)L|146)

-
Bt 3O Di i
e onet (1] o aig)
a2
(g} {2 o))
{ 2 - X Dp ( "D (14g)
i o 8] o)
a3 . 3 |
Ci Ci 1 A
v, = Lq] [Ln(x,ciz) = 3],,[ : ] (14h)
[7Ci \ > _ 3
- ()]

Q' = effective dynamic pressure at the critical flutter speed,
1b/sq ft

<
]

where

AR = planform aspect ratio
Kq = 24,75 Kspz, Ksp = flutter speed margin of safety -~ 1.15 for
military, and 1.2 for commercial designs

£ = length of exposed span measured along structure axis, in.
Aea = sweep angle of structural axis, deg

1]
CRS

T

structural chord as root station, in,

rotational factor to convert aerodynamic chords to structural
chords, (Cs/c)
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W. = structural width of torque box at any spanwise station
!Ai’ in,

D. = average structural depth of torque box at any

spanwise station YAi’ in,

A' = taper ratio of exposed planform, (CT/Cﬁ)

".
o' = thickness ratio taper of exposed span,

t
(/€)1 (£/0)
(t/c)' = thickness ratio at exposed root chord

AC = arc centroid of torque box section normal to
structural axis, assumed to be equal to torque box
cross~-sectional area divided by width,

(RS-FS).1 = width of structural box expressed as a fraction of
structural chord CS

0.. = angle of twist at tip station, presct to | radian

6, = angle of twist at exposed root station, preset to
0 radian

D, ' = average structural depth of torque box as exposed
root station, in.
C.' = acrodynamic chord at any spanwise station YAi’ in,

CR' = aerodynamic chord at cxposed root station, in,

The application of Equation 14 to transonic and supersonic designs is
discussed in Volume IV, Part 2, Section II, under "Lifting Surface Flutter
Methodology." The parameter Q' in Equation 14a reflects the compressibility
corrections derived from the methods discussed. The determination of the
critical speed/altitude point for flutter is made by subroutine WHVQQ over-
lay (3,0). This subroutine computes design values for Q', critical speed,
critical altitude, ond flutter design temperature. The flutter speed margin
of safety, Kgp, is used to determine the design values. Thus, if the values
computed by WHVQQ are used, the Kgp value used in subroutine CJCAL is set
to 1.0. If the option of directly specifying design values through the sur-
face input data deck is used, the user must select the critical flutter point
and input appropriate values for the design Q' and speed margin, since sub-
routine GJCAL will compute Kpn, as shown in Equation l4a.
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A modified form of kquation 53 in Volume IV, Part 2, Section II, is

used for estimation of T-tail vertical tail flutter requirements. The pro-

grammed equation is the same, cxcept for the addition of a scaling factor,

oSt (| 3}) {3

0 “ave

Where

l\,.”. = scaling factor, similar to C’I’l‘

(15)

C’I’l‘ = model scaling factor derived from Reference 2 as a function

of critical flutter speed and horizontal tail dihedral,
in.6/1b2/sec?

€t = planform geomctry parameter, psi

q = dynamic pressure at the critical flutter speed (speed,
including flutter margin of safety), psi

yaw inertia of horiz 1 tail, 1b-in, 2

W

g = acceleration constant, in./sec?

C = average chord of vertical tail panel, in,

ave
I_AXKJ = row matrix of station intervals between analysis points, in,

S
{TK-} = column matrix of ratio of torquc box perimeter to torque box
K cross-sectional area for Kth panel, computed at midpoint of

panel, in,-1

The parameters q and Kypr are derived by subroutine WHVQQ for T-tail
vertical tails, assuming that the critical flutter design point is at the
maximum sea-level limit speed, V|,. The flutter margin of safety, Kgp, is
either 1.15 or 1,20, as previously noted. The output value of KyrT from
subroutine WHVQQ includes the model scaling factor, CTT, and is trans-
mitted to subroutine GJTT in the data cell assigned to KyTT; thus, the
assigned value of Cyr for use by subroutine GJTT is set to 1.0, However,
if the critical speed and dynamic pressure are specified as part of the
surface input data set, then subroutine GJTT will compute Cpt values,
based on the input speed and horizontal tail dihedral. In this case, the
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input value of Kyrr must be set tc 1.0 or to the valuc compatible with the
flutter design q, Kgp, and/or a preselected flutter equation calibration
factor,

Design values of GJ for horizontal tails, conventional vertical tails,
and fixed wing surfaces are based on evaluation of Equation 14 at the single
critical flutter speed. For variable-sweep wing and T-tail vertical tails,
design GJ is based on composite requirement curves. In the variable-sweep
analysis, required GJ values are computed for the movable planform in two
positions., In T-tail vertical tail, required GJ values are first computed
b using Equation 15 and then using Eguation 14, the latter based on treating
the vertical tail panel as a conventional surface.

In the two aforementioned designs, the selected design values are
based on the larger of two structure J-values derived by using Equation 16.

. _ (GJ) required

J required = e TaT At critical Ciuttor point (16)
The logic programmed in the synthesis of metallic torque box designs

assumes that the section stiffness must be equal to, or larger than, the

values specified. Torsional stiffness requirements are transmitted to

these routines as required GJ values along with the value of G to be usecd.

In advanced composite structures, the corresponding design temperature

is also specified, The temperature is used to develop temperature material

property parameters to be used to compute laminate stiffness characteristics,

a function of the number of 0°, 45°, and 90° plies in eiach web., The

stiffness requirement synthesis logic for advanced composite structures is

programmed to insure that available scction GJ is cqual to, or greater than,

required GJ,

DESIGN AIRLOADS

Design airloads for the torque hox structural synthesis are computed by
the airloads module of SWEEP. Shears, bending moments, and torsional moments
are stored on mass storage files, and arec ordered for use by the lifting
surface loads routine and processed for the synthesis routines., These loads
are integrated in the structural coordinatc system,

Provisions arc made to rotate and translate the design loads to the
structural synthesis reference line, if the two reference lines are not the
same (Figure 29). 'The moments at the load reference point are first
resolved to the synthesis reference coordinate system and then translated
to the synthesis reference point in ord .r to derive the correct torsional
moment.,
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Figure 29. Loads rotation and translation.
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\' =V . (17a)

ai T Vai
Myai = €05 A [M)'(A cos A )y + My, sinA u)]
- sin A o, [M;{A cos A - My, sin Aw] (17b)
Mypop = 05 &gy [Mh cos Ay, - My, SinA m].
+sin A [M;(A cos A+ M, sin A LD] (17¢)
Myai " Myaoi TA%A VA ’ (17d)

Where

VAi and VA'i = shears in synthesis and load rcference system

MXA and MXA' = bending moments in synthesis and load reference
system

MY and MY' = torsional moments in synthesis and load reference
A i system

A = sweep of synthesis and load reference lines

A adAp

AAX = distance from synthesis reference point to load
reference point measured along structural chord,
positive forward, negative aft

MATERIAL PROPERTIES

The structural synthesis of metallic toruue box designs require a con-
tinuous description of the stress-stain properties of the compression material
as well as other physical and mechanical properties. These material properties
data are ordered for the synthesis routines from the material properties data
bank of SWEEP. The compression stress-strain characteristics are determined
from a curve fit of the stress-strain curve derived from the data bank. A

293



http://www.abbottaerospace.com/technical-library

material property table (consisting of curve fit constants; material density;
Poisson's ratio; shear and elastic modulus; compression yield stress; and
ultimate tension, bearing, and shear stresses) is created from the data

bank for the selected material.

The curve fit of the compression properties provides the necessary data
for plate and column stability analysis in both the elastic and plastic
regions of the material curve. Figure 30 shows a typical stress-strain curve
with derived tangent modulus and allowable plate buckling, b/t, through the
yield stress of the material. A curve evaluation routine determines the
stress-strain values of strain, tangent modulus, and secant modulus at a
given stress level so that allowable plate buckling and column stability
moduli can be evaluated, including the effects of plasticity. These are
used for local and general stability analysis of synthesized structures.

Single-ply physical and mechanical characteristics are used to describe
advanced composite material. Normalized strength and stability parameters
are internally computed from input descriptions for unidirectional ultimate
allowables, Poisson's ratio, elastic moduli, and shear modulus. These
parameters are derived for the assumed laminate system - a balanced
symmetrical system consisting of plies oriented 0°, #45°, and 90° to the
direction of axial loads. Stability allowables are determined by the
synthesis routines based on finite numbers of plies.

INITIAL INERTIA LOADS AND COUPLE ARM ESTIMATION

Initial estimates of inertia loads are made by summation of 1 g shears
and moments computed for:

é Initial torque box weight

° Leading edge structures

. Trjaining edge structures

" Mi_scellaneous contents

° Design fuel and fuel systems

- Design concentrated mass items

Design fuel shears and moments for both fuel cells are determined from
scaling factors determined from vehicle design specification fuel loads

computed for each cell by the design data development module or through the
input data set, specifying the amount and order by which consumed fuel is to
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be expended from each cell. The design concentrated mass items may include
fuel or aramament stores which may be expended at the stress design condi-
tion. This situation is accounted for through indicators governing the
status of the first two external concentrated mass description data sets in
the input data set. The shears and moments resulting from these two masses
are scaled by the ratio of the remaining-to-inputed values, again, as in the
Jesign fuel determination, depending upon the amount and expending indicators.
These two indicators determine the order and/or the amount of decrease at
each station. The initial torque box shear and moments are separated from

other structural items to allow for torque box deadweight changes during the
iteration cycle,

Initial couple arms at each station are estimated from the net-ultimate
design loads based on the first estimates for inertia loads. Upper- and
lower-cover centroids are estimated based on the average load intensity, Ny,
and the type of cover construction specified. For multispar construction,
the initial centroid is set at 50 percent of the cover t, determined by
assuming maximum allowable compression and tension stresses. The centroids
of stringer-stiffened covers are estimated based on preliminary distributions
of the available t into skin material and stringer geometries. The initial
centroids are replaced by calculated cover centroids, adjusted for changes
in cover load intensities during the iteration cycles.
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STRUCTURAL SYNTHESIS

The lifting surface shear and bending loads are assumed to be reacted by
a rectangular cover/spar torque-box structural system acting as a cantelever
beam. Bending loads are assumed to be reacted by upper and lower cover
couple forces, while the shears are balanced by shear stresses in the front
and rear spar webs. With these assumptions, net ultimate design moments at
each structural synthesis station are resolved into average load intensities
across the structural chord to provide axial load criteria for cover material
synthesis.

COVER DESiIGN LOADS

The total cover load at any station (i) is determined from:

L A (18)

Where

{ . = Net ultimate bending moment
hXAl ima g

LEffective couple amm of box cover system, determined by
subtracting upper and lower cover centroids (Y and Y )

u )
from average box depth

Deffi

The average cover load intensity, Nx (pounds per inch of chord), can
then be expressed as

28 -
, covi
I\x v (19)
effi
Where
weffi = Lffective cover width available to resist compression

or tension loads

Figure 31 pictorially shows the effective cover widths used to deter-
mine compression N_ and net tension N_ values. Fo: both covers, effect of
front and rear spar caps and skin overhang forward of the front spar plane
and aft of the rear spar plane are assumed to be effective as cover t; thus,
the effective width takes the form
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Figure 31. Effective structural width idealization.
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Equation 19 is used for compression loads. For tension loads, Equa-
tion 19 is adjusted for fastener holes at the front and rear spars and for
rivet or boltholes for attaching stringers or caps to the cover skins. The
cover construction - multispar or stringers (integral or riveted), the number
of spars or stringers, and the size of fasteners assumed - detemmines the
incremental width that is subtracted from the results of Equation 19. Thus,

weffi tension weffi " SRR C NOS x Sq (21)
Vhere

Spp = Fasteners diameter at front and rear spars

NOS = Number of intermediate spars for multispar design,

number of intermediate riveted stringers, and zero for
integrally stiffened cover construction

SS = Fastener diameter for intermediate stringers or spars.

The synthesis routine determines the load intensity values at each sec-
tion during each iteration, since the effective couple armm is one of the
variables of the analysis. This couple arm effect is sensed by the program
and will vary according to load levels, material, construction, and design
constraints imposed on the cover synthesis. Under certain conditions, this
effect has a pronounced effect on the final design loads and resulting
structural weights.

TORQUE-BOX SYNTHESIS

The torque-box synthesis routines are designed to provide cover sizing
data that can be integrated to provide estimates of torque-box component
weights and weight distributions. Procedures and logic are programmed so
that rational weight variation data can be predicted for various materials,
constructions, vehicle and structural design criteria and requirements, etc,
and reflect imposed constraints of material and/or fabrication minimum gages,
and optimum design compromises such as stringer, rib or spar spacings,
stringer configurations and geometries, and spanwise stringer or spar orienta-
tions. Also, the logic includes an initial synthesis pass to determine siz-
ings required to resist design loads, and a second pass, if necessary to
satisfy both stiffness and strength requirements. The synthesis results
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provides prcliminary sizing and design data which can be used as advanced data
by engineering disciplines requiring structural data., Mass distribution data,
preliminary stiffness (EI, GJ) distributions, preliminary load levels, prelim-
inary optimum, but practical sizing, operating stress levels, etc, are part of
the detail design data resulting from the synthesis of the torque-box structure.

For empennage torque-box synthesis, the procedures are the same as used
for the wing box, except that:

1. For the horizortal tail. the compression cover will generally be the
lower cover; the tension cover, the upper. Horizontal tail loads are
processed by the airloads module so that the cover reacting the maxi-
mum compression loads will be treated as the upper cover by the wing
and empennage module. The status of the design loads data set is
identified by code in XMISC(42).

2. For the vertical tail, both covers are sized to the same require-
ments, either tension or compression, since airloads can act in either
direction.. Inertia loads are not considered in design loads calcula-
tions for vertical tails.

3. For the vertical tail, the surface planform geometry is generally
expressed in terms of one panel.

The program will account for the discrete differences among the vari.us lift-
ing surfaces. The only condition will be to specify the type of surface to
be analyzed for the given design condition.

Metallic Torque-Box Analysis

Metallic torque-box designs that can be analyzed include:

1. Skin-stringer multirib designs: riveted Z, integral Z, integral I,
and riveted angle (Figure 32)

2. Multispar designs with plate or honeycomb covers (Figure 33)

Support ribs or spars are idealized corrugated web plus cap systems. The
front and rear spars are synthesized as flat-plate stiffened designs. Cover
material can be any material type that can be described by a stress-strain
curve fitting model and for which the elastic and shear moduli and strengti
cutoff limits can be defined.

The synthesis program requires that local crippling and general stability
requirements for plates and colums be expressed in terms of b/t or L/p for
all stress levels, including the plastic range of the material. Figure 30
shows a typical stress-strain curve with derived E_ and b/t plotted for the
full range of allowable stresses. The synthesis procedure first requires
that a stress be assumed. From this condition, strain, tangent modulus, and
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secant modulus values can be derived from the curve fit equation; thus, for
the given stress level, stability parameters for the plate and colum ele-
ments can be derived from the equations:

1/2
Kn"E
b/t = | ——— (22)
12 (1-u%) F_

for plate buckling and local crippling, and

, 1172

"

Fe

L/o = (23)

for general column instability.

K = Buckling coefficients for infinitely long, flat plates,
with K = 4.0 for plates simply supported at the edges, and
K = 0.426 for plates simply supported at one edge and free
at the other

u = Poisson's ratio
F. = Compression stress level
ER = Reduced modulus at F_ for long, slender plates, determined

as a function of the elastic, tangent, and secant moduli

ET = Tangent modulus at F_
Equations 22 and 23 and the ability to evaluate the stress-strain curve
through the yield cutoff stress form the basis for the multirib and multispar
synthesis procedures.

In stringer-type construction, rib spacing L, stringer spacing b,
stringer height h, stringer flanges f, stringer gage ts, and skin gage tsk
are synthesized from the effective cover material t fcr the particular stress
level. Strength, local, and general instability conditions are satisfied
under constraints of minimum gages and minimum or maximum L, b, h, or f.

The analysis can also operate unconstrained so that optimum values for L, b,
h, {, ts, and tsk can be determined. For stringer-skin edge restraint cou-
pling effects, an added restraint of minimum ratio of ts/tsk is used.
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The synthesis search requires three levels of operation. In the first
level, stringer spacing is the primary search parameter (Figure 34). The
second level search (Figure 35) involves the determination of the optimum
operating stress level for the assumed stringer spacing. For each condition
of stringer spacing and stress level, the best arrangement skin-stringer
geometries are determined through a search process that requires the highest
section inertia, Ix, be developed, which results in an allowable rib spacing
for the design. For this optimization, constraints of minimum ts/tsk, a
rational range of tsk/t, and limiting ranges of rib spacings are used to
control the search within acceptable limits.

In all cases, the primary optimization assumes that cover material can
be traded for rib material. Thus, in each search level, t total, the sum of
t covers and t ribs can be plotted against the current search parameter, and
the optimum value of the search parameter can be obtained for the smallest
value of t total. .The stringer synthesis routine can be controlled to
analyze stringer orientation in either constant spacing or constant number
of stringer modes.

Figure 32 shows the type of stringer configurations that can be analyzed
by the program for the compression cover. The tension cover arrangement will
be asssumed to be similar, except that the lower cover t will be derii.d from
net section tension requirements or negative loading compression requirements.

The multispar synthesis involves only the synthesis of skin and cap
material for specified spar spacings, with selection of the best practical
spar spacings or combination of spar spacing made after evaluation of output
design and weight data. The synthesis considers the effectiveness of the
intermediate spar caps in resisting bending loads. The intermediate spar
webs are sized to similar conditions as rib webs, and are assumed to be
corrugated webs.

In honeycomb cover constructions, the strength effect of inserts at the
spars and the panel thickness effect on cover stability are considered. The
ineffective weights of bond and core material plus the inserts are included
in the equations for ttotal'

Rib and intermediate spar synthesis is based in spring rate requirements
for the cover column structure and for induced loads due to cover flexure.
The web sizing is expressed in terms of equivalent t rib, which is derived
from the volume of rib material divided by the section width and rib spacing.

Front and rear spar webs are synthesized as flat stiffened plate struc-
tures resisting vertical shears. The actual depths of the airfoil are used
for each spar in the determination of shear loads and material volume. Cap
materials are effective bending materials and therefore are assumed to vary
with the cover t requirements.
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For each system of cover construction, the bending loads must be
resolved into axial loads so that cover and support structure can be synthe-
sized. The synthesis procedure assumes an idealized rectangular box of the
same width and cross-sectional area as the section being analyzed, the depth
of the section being expressed as the cross-section area divided by the width.
This idealization locates the covers rclative to each other and provides the
basis for resolving the bending loads into axial ioad componcnts. The
moments are resolved into load intensities by an effective couple arm and an
effective width: N = M/(Dgrg X Wegg). Degs is the distance between the
upper and lower cover material centroids, and Wegs is the width expression,
which includes (1) for the compression loads, the front and rear spar cap and
box cover overhand material and, if required, the intermedi~te cap and/or
honeycomb insert material; and (2) for the tension cover loads, the compres-
sion cover effective width less the hole-out widths due to attachments for
spars or riveted stringers. The effect of Mc/I stresses at the crowns of the
box section is accounted for by limiting the strength stress levels at the
idealized centroids by assuming that thc maximum allowable stress will not be
greater than the product of the ratio of d,e/dpax times the compression
yield stress or the tension ultimate stress of the material.

The synthesis analysis produces initial spanwise sizing distributions
for the torque-box components from which spanwise torsional and bending stiff-
ness distributions are derived. These stiffness parameters, plus the weight
distributions and structural sizing data, are used in preliminary flutter and
loads analysis.

Torsional stiffness requirements at each structural station are
expressed in terms of modulus rigidity G times the required section stiffness
parameter J. In the section synthesis, the minimum J required at the section
will be one limiting constraint on the section web and skin gages. The pro-
gram determines section stiffness for strengh design from the equation:

4A
ids/t

(24)

Where
A = Enclosed section area within centroids of the four webs
ds = Length of each web

t = Gage of each web

306


http://www.abbottaerospace.com/technical-library

Inadequate strength J at any section is increased to the required J for
the flutter stiffness condition by a four-step logical procedure of increas-
ing the smallest gage first. This step procedure will sense the best com-
bination of cover skin and/or spar web gage increments to produce the required
section J. The individual web and skin increments are stored for the weight
evaluation routines to enable these routines to assess the weight increments
required for flutter stiffness. The strength J to required J comparison is
performed after the strength sizing requirements have been optimized. Thus,
the adjusted skin and spar web gages are used as lower limits for these ele-
ments during a final pass through the analysis to reoptimize for combined
effects of strength and flutter.

Cover Synthesis

As discussed previously, the torque-box synthesis is designed around the
analytical optimization of the compression cover for determination of the
best arrangements of skin, stiffening, and support structures. In both multi-
rib and multispar optimization, total t (defined as the sum of cover t, sup-
port structure t, and miscellaneous attachment t) is minimized with respect
to the search level parameters. Synthesis logic and controls are programmed
so that only the synthesized sizings that satisfy strength and stability
criteria and satisfy boundary conditions such as minimum and maximum stringer
or spar spacings, maximum or minimum rib spacings, minimm gages, etc, are
selected and returned to the next higher level search as valid points. In
most cases, changes in t cover results in changes in both skin gages and
support structure and attachment t.

The programmed procedure is a general numerical search synthesis/
analysis that is applicable to both multirib and multispar designs. The
basic logic is programmed for multirib analysis; with special controls, addi-
tional logic anc data manipulation, the general search has been adapted for
aralysis of multispar designs. Numerical optimum search techniques, logic
and data manipulation are used to minimize computer execution time. Constant
terms or data which appear in repetitive loops are precalculated and stored
for general access by all control and computational routines. In the three
search/optimization levels, predetermined limits are developed from design
control data and used as specifications to (1) provide initial starting
values for the search parameter and (2) limit the extent of search within
acceptable limits. Parabolic curve and straight-line properties are used to
aid in (1) determination of the optimum point, (2) to shorten search compu-
tations tor solutions that have implicit relations, and (3) to direct the
search from parameter values where no solution exist to the value at which
a solution exists.
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The first aforementioned technique is applicable to the search shown in
Figure 35, where the optimum stress is determined for minimum t from the
derivative of the parabolic curve fitted through the three computed t points.

The second technique applies to the search for determining the stress
level at which ovailable b/t equals required b/t for specified condition:c of
stringer or spar spacing, b, load level N , and the desired ratio of skin
gage to total t. Since (b/t) required is a function of stress level, t is a
function of Nx and stress level, and (b/t) available a function of t, a
direct solution cannot be determined over the plastic range of the material.
Figure 36 shows the curve fit operation for the first approximation solution
for this condition. A special parabolic curve fit/curve evaluation sub-
routine provides the approximate stress value, F.,, that satisfies the condi-
tions (at R = 1.0). A second interpolation is made to improve the accuracy
of the solution and insure against improper curve fit resulting from points
straddling reflexcs in the variation curve.

The third type is used in scarch levels two and three, when conditions
occur such that the region of scarch on stress levels results in t insufficient
for (1) required skin material, (2) required stringer area to satisfy geometry
and buckling, (3) required stringer arca to satisfy column stability, or (4)
all three or combinations of the three.

The equivalent t representation of supporting structure and attachment
t in the total t equation requires an adjustment coefficient to account for
the inequality that exists between the number of spacings and the number of
members. The adjustment constant, Kfs’ is found from

NOS
& © Nos + 1 (25)

Where
NOS = Number of support membeis

This correction factor is also applicable to stringer t representation and is
necessary for the programmed analysis, since the assumption is made that the
total material requirement across the structural width for support members or
stringers is equal to the width times t. Without this factor, inaccuracies
occur when the total number of members approach one.

In the first search level, the optimization parameter is NOS, the number
of stringer/spar spacings across the structural chord. The range of search
is dictated by (1) the specified minimum number of members (NOSpyip) in the
box and (2) the range of spacings to be considered, bmin to bpax. The control
routine evaluates the range in NOS at each local chord where
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W
B 1 (26)

o)
o

NS, = 52;; -1 (27)

The maximum NOS is specified by bpjn, while the minimum is specified by by, .
A logical check is made against the specified NOSpj, to insure the NOS
derived from Fquations 26 and 27 are acceptable. This results in search
boundaries for the number of stringers or spars. If the specified NOSpip is
larger than the values determined by Equations 26 and 27, evaluation is

made only at NOSp;,. Computed NOS is always rounded to integer sets unless
the input data set control specifies a primary search for stringer spacings.

The current search value of NOS is specified to the next level control.
In this routine, the highest stress level that satisfies load and cover con-
figuration specifications is determined for the current value of NOS. Pre-
liminary computations for starting values of stress levels are estimated for
limiting conditions. The lowest stress value is then used to start the
search, which is schematically shown in Figure 35. The limiting stress
values examined are:

1. Maximum allowable stress level, FCMAX

2. Stress level at minimum gage condition, for stringers:

Nx
f = = (28)
t .
min
= Astr min
Ywin = Yskinmin " b (288)
str
Astr i tstr [developed length of minimum (28b)

size stronger]

3. Stress level at condition where available (b/t) is equal to
required (b/t) for skin buckling determined from Equation 22. This
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stress level is determined by numerical interpolation, as discussed
previously.

4. Stress level determined for available (b/t) where t =t ,. .

skin min
Stress level search values are specified to the third-level search control
where cover configurations are synthesized. The stringer synthesis procedure
distributes the available material determined from t = Nx/f.. This f is dis-
tributed into skin and stringer material so that all elements satisfy local
stability requirements and all specified geometric constraints of minimum
gages and minimum and maximum stringer geometries. Available stringer column
is checked if the preceding conditions are satisfiec: the configuration is
accepted if the stringer column length is greater than the specified minimum
rib spacing, rejected if it is less. Specified stress levels with available
cover material that cannot be distributed to satisfv -~11 these conditions are
rejected and control returned to the second level, where the rejection condi-
tion indicator is examined to control the search for a lower acceptable stress
level. Skin naterial, tgyin, is optimized in the third search level for the
highest radius of gyration for the stringer column, resulting in logic
designed to maximize stringer area and height. Thus, tgyj, can be optimized
against total t, since stringer radius of gyrations d1ctates stringer_column
available at any stress level (Equation 23), resulting in changes in t sup-
port and attachments.

Skin gages satisfying (1) plate buckling stability (b/t), (2) t skin
min, and (3) material distribution range RgkiN MIN and RgKIN MAX are examined
to identify the range of acceptable gages to be used in the search. Rgg|N is
the search control parameter used to control material distribution between
skins and stringers and is the ratio of skin thickness to cover t. The mini-
mum search value gage is the larger of the preceding items 1 and 2, and the
gage determined from Rgiin MIMX t. The maximum value is the gage specified
by RgkiN MAX X t. If the mnimum search value is greater than the maximum
(where b/(b/t) is less than RgkiNy Max X t), the current stress level is
rejected and control returned to the second level.

Acceptable skin gages, tgkin, then result in values of stringer areas,
since:

|
~|
|

= o 4]
totr tskin (29)

e b x tstr (29a)

The skin gage is rejected if Agepr is less than A ¢ niy- Acceptable stringer
areas are then distributed into the stringer elements to satisfy local
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stability conditions and stringer geometry constraints, based on the type of

stringer configuration desired (Figure 32).

Figure 37 shows a riveted stringer configuration and the equations for

determining cross-sectional properties from sizing data for evaluation of

allowable rib spacing, Lo1- The stringer gage, tgtr; height, h; and flange

lengths, fu and fL, are determined for the available stringer such that
h/tstr, fL/tgey satisfy the allowable (b/t)'s for these elements. The
buckling coefficient is assumed to be 4.0 for the web and 0.426 for the

flanges. The stringer gage is dictated by one of the following conditicns or

combinations: '
1. Minimum gage
2. Minimum size assigned to h, fu, fL
3. Web b/t
4. Flange b/t

S. Maximum size assigned to h, fu, fL

Thus, tstr, h, fu and fl. are evaluated from one of the following sets of

equations by logically detemmining the controlling parameter for the given set

of conditions:

1. For h, fu, fL within minimum and maximum sizes:

[ad
N

1/2
B str
str (b/t)h + Z(b/t)f

~
[}

tstr (b/t)h

fu = fL

tstr (b/t)f
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b b str 2

———H

Fu Stringer/skin
column centroid

A SKIN
A STR

<[

4
| r scr (typ) |
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» f|.
= A SKIN + A STR
= t SKIN X b
= + -
Ah+Afu AfL t STR (h + fu + fL)
1 t SKIN h ) t STR )
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2 2
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A
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= -——-;——"‘rE P
F
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Figure 37. Stringer-column geometry.
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2. For fu= fL = ﬂnax’ h within minimum and maximum sizes:

i s /2
2, v v 4A (b/t)h] =

str 2(b/t),

h = tstr(b/t)h

|

3. For fu-= fumin’ h, and fL within minimum and maximum sizes:

_fumin ¥ [fuminz £4 AStr {(b/t)h * (b/t)f}

tser T T 2{(b/t), + (b/t) ] |

L 3

}1/2

(32)
hot g O/ |

L= gy (/1)

4. For h= hmax’ fu = fL within minimum and maximum sizes:

-h

 SEESTICSF TR YL T - R,

2
max * [hmax s AStr {Z(b/t)f}

]1/2

‘st T 2 {20/t | (33)

fu = fL = tstr (b/t)f

5. Forh=h_, fu= fu . , fL within minimum and maximum sizes:
max min :

1/2
2
-(fLmax+ fumin) +[(hmax+fumin) fAStr(b/t)f]

tstr 2(6/t)

(34)

[ag)
-
[

tstr (b/t)f
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The hp;,, condition is one of the control points in the synthesis;
tstr for this point determined from tstr = fLpin/(b/t)f, gage

checked against stringer minimum gage, then fu calculated. If tstr
is less than minimum, the current stringer is rejected and control
passed to the tskin search routine with the proper rejection status
indicator. Acceptable tstr condition 1esults in checks for available
to required minimum developed length. If this condition is satis-
fied, the solution is, at this point or in the tstr region, dictated

by control parameters found in items 1 through 5.

The area distributions for integral Z-stringers are based on the
equations found in 1, 2, and 4, except that fu is set to zero. Angle
stringers are treated with same equations, except that the buckling
coefficient for (_b/t)h is set to 0.426.

Integral f—stringer equations following are modified forms of 1 and 4,
with (b/t)} computed with the buckling coefficient set to 0.426.

6. For h within minimum and maximum sizes:

Astr i
tser T (RN (35)
e tstr (b/t)h
7. Forh=h :
max
Y tstr T Astr/hmax (36)
8. For h =h . , tstr2t min gage:
min
tstr B Astr/hmin (30

Intermediate Support .Structure
Intermediate ribs and spars are treated as corrugated web/cap structure

located through (1) input data set specifications or (2) at spacings to pro-
vide support for general stability of covers under compression loadings.
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In general, the spacings are not specified; therefore, in stringer designs,
the available column length of the stringer colum is determined from the
stability equation for long colums, Equation 23,

Support structure t is expressed as the sum of the cover-material equiva-
let volume of web, cap, and attachments divided by the planform area of dis-
tribution. The distribution area is the structural width times the rib
spacings for multirib designs and spar spacing for multispar designs, if the
volume is expressed in unit span values. Thus:

- 1 wweb * wcaps * Wattachments

EHBE T oo 5 (38)
sc rib cover
Where
el Structural width
o = Density of the cover material
cover

The rib web is assumed to act as a column which provides the strength
and stiffness at the stringer column ends necessary to prevent cover general
instability failures and to react the crushing loads due to torque-box bend-
ing stresses. Support stiffness requirements are determined from:

(39)

Where

L = Rib spacing

=
"

Bending moment

Erib = Elastic modules of the web material

W = Structural width

ad
"

Equivalent rib gage
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By assuming that M/W can be related to cover loading by the equation

MW = Nxx D . (40)
Equation (39) reduces to:
D
- 2n eff
tr E . Nx L (41)
rib

Rib loads due to crushing loads from cover panels are determined from:

2L oz t
5 - cC ¢
rib D 3 (42)
Er Degs tr
Where
. = Compression stress in the cover
E; = (Compression cover t

Tangent modules of the cover

S i

+]
L]

5 Effective rib web material

_Since oc/E. is equal to the strain, e, at the compression stress level,
and tC o, Nx’ Equation 43 can be solved for the effective rib tr required
or: '

_ N el |
T b Desr

Since the rib web acts as compression colums, the rib material must be
distributed to prevent local and general instability failures. For
60-degree circular corrugated webs with radius R, the local stability allow-
able is expressed by:

Teer 2 0.4Er (t/R) (49
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Where, Er’ the reduced modulus is determined as:

1/2

Er = (EE) (44a)
General instability allowable is found from the general column equation
= 6 (2 '
%cr T " Er ( z) (45)
or
R2
e 1.425 l:T T (45a)
eff

The equivalent t for corrugated ribs is determined from the product of the
corrugation factor times the web gage where the corrugation factor CF is:

CF = % R/2R Sin 60° = 1.2002 46)

Thus,. the applied compression stress from Equation 42 and the required t

for stiffness can be related to the corrugated web gage. The rib synthesis
routine determines the required web gage and/or corrugation radius to provide
the stiffness required and insure that the applied stress is within the allow-
ables specified by Equations 44 and 4S5.

The equivalent cross-sectional area of the rib is estimated from the

equation:

At [Deff - 2(tsk + tw) + ZLCAPS] tw - CF (47)

Attachment and miscellaneous material required is expressed as:

2
Amisc [K IE (1.5 + fu)(0.75 hstr) tw] (48)
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Where i

=~
L]

Constant = 1.15

_mn
"

Riveting stringer flange, if riveted Z or angle

=2
[}

Stringer height

Thus, t rib for optimization and weight can be computed as:

1
rib L . [Aweb ¥ Amisc
rib

|

] (49)

Front and Rear Spars

Front and rear spars are treated as shear-carrying members consisting of
caps and web structures plus attachments. The webs are assumed to be flat
plates with attached angle stiffeners resisting the vertical shears at the
front and rear spars:

£ = L (50)
S tw :
Where
fg = Shear stress in the web, pounds per square inch

Shear load, pounds per inch

Ke]
]

t,, = Web gage, inches
Allowable shear stresses are determined for the web based on the plate

aspect ratio between stiffeners and the effect of bending stresses. For
pure shear, the equation for critical shearing stress is:

- T 2
ser T T3 (t/b) (51)
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Where

l(1 = Shear buckling constant for panel aspect ratio b/a (b = short
dimension, a = long dimension), for plates with all sides

simply supported

A straight-line table interpolation scheme is used 1o determine I( for
derived b/a values.

Combined shear and bending allowzbles are determined from the equation:

Ks n Er 2
f = ——(t/d) - (52)
scr 12(1-u2)
Where
1 1/2
l(S = 5,35 - > (52a)
o
1+0 05( 3 )
s
o, = Bending compression stress
f = Applied shear stress = q/tw

]

The peak compression stress, oc, is based on the compression cover stress
at the cover centroid and the mold line depth at the spars less an incre-
mental depth for cap allowance. If the web depth is dw’ then:

d
g = L
¢ Dyt

X O cov | (53)

An iterative search routine is programmed to determine the web gage
which results in shear stresses that satisfy Equations 51 and 52. Stiff-
eners are assumed to be spaced 6 inches on center, but can be changed in the
input data set. Stiffener gage is assumed to be equal to the web gage; the
flange width is assumed to be equal to 0.75 x Lca (L = spar cap overhang
forward or aft of the front and rear spar planes) cap
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Spar caps are hased on assumed widths of cover t at the station analyzed,
provided that the indicated cap gage defined by the cap urea divided by a
predetermined cap developed length is not less than an assumed cap minimum
gage. This cap minimum gage is generally larger than the web or cover skin
minimum gage, due to attachment requirements or allowance for groove sealing
provisions (0.156 for aluminum, and 0.100 for titanium caps). Miscellaneous
attachment requirements are estimated as a fraction of the total requirements
at the station (0.0250).

Bending and Torsional Stiffness

The detail structural sizings resulting from synthesis of the torque-box
structure provides data from which initial estimates can be made of bending
and torsional stiftness distributions along the structural span. These
structural characteristics are based on the idealized rectangular box section.
The box system is assumed to be single celled with neutral axis at the cen-
troid of the idealized box.

Bending stiffness, El, is detemined from choidwise summation of cover
lo's and transfer temms times the elustic modulus of the compression cover
material. Correction factors for E can be specified in the input data set if
the lower cover, front spar, and rear spar elastic modulus are different from
the upper cover. Front and rear spar cap transfer temms are based on dis-
tances derived from spar mold line depths and estimated spar cap entroids.

Torsional stiffness, GJ, is determined from the product of the section
stiffness parameter (J) of the assumed single-cell, four-web box and the com-
pression cover shear modulus, G. J is determined by Equation 24. The
ds/t term of this equation is computed for each web, thus:

d d_.
2"'(15/t;=t W + £ W +t£+t.£§ (54)
skin upper skin lower fs rs

At structural stations where section J resulting from strength-sized
webs is less than the J required for flutter, the evaluation routine first
orders web and length data into a adata set from which the element with small-
est gage is first selected for web gage change to increase the section J.
A step-wise increase is made until (1) the section stiffness parameter is equal
to the required or (2) the three smaller webs have been increased to the
thickness of the largest web. If condition 2 does not result in required J,
all webs are incremented equally to produce the desired value of .J.
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The synthesis control routine identifies all webs that are changed in
size and provides for resizing of these elements, with the condition that the
flutter required web gages be treated as minimum web gages, in lieu of the
fabrication minimum gages. The resized section data are than processed for
final evaluation of section bending and torsional stiffness characteristics.

Strength-sized design data and flutter-sized data are ordered for the
torque-box weight analysis routines so that estimates of weight and distribu-
tions can be made for both strength as well as combined strength and torsional
stiffness requirements.

Advanced Composite Torque-Box Analysis

The programmed advanced composite analysis is designed to determine
structural requirements of torque boxes constructed with all cover and sup-
porting structures fabricated with laminated layers of filamentary fibers.
The prediction procedure determines the necessary number and orientation of
fiber layers to provide the strength, stability, and stiffness characteris-
tics required for each element of the box. Assumptions are made to adapt
detail analysis procedures to the quick-response, preliminary nature of the
synthesis procedures. Equations used to evaluate the behavior of laminated
webs under load are based on existing detail filamentary analysis equations.
Where possible, similarity to the metallic structure analysis is maintained;
structural idealization assumptions and scope of the synthesis/weight
analysis procedures are similar.

Torque-box construction types that can be analyzed include:

1. Multispar plate cover designs

2. Multirib stringer-stiffened cover designs

3. Full-depth honeycomb sandwich designs
Spar and rib support structures are idealized as sheet web plus cap systems;
the webs for these structures can be designed as either corrugate webs or
honeycomb panels. The cover and support structures are assumed to be mechan-
ically fastened at cover-to-spar/rib joints to provide an integrated torque-
box structure. Face sheets for full-depth honeycomb sandwich boxes qre
assumed to be bonded to the supporting core material.
General Behavior of Composite Laminates

An adva.iced composite material is made up of high-strength/stiffness

fibers imbedded within an essentially homogeneous matrix. Typical materials
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are (fiber/matrix) boron/epoxy, graphite/epoxy (high-modulus, intermediate-
strength, high-strength), and boron/aluminum. In general, these materials
have high-strength/stiffness properties in the longitudinal (parallel to the
fiber) direction, and a low-stiffness/strength in the transverse direction.
Layers (lamina) of the e materials can be laid up to produce a laminate;
stiffness and strength properties of the laminate are ta1lored by varying the
orientation and number of layers.

The programmed analysis assumes lamina of three discrete orientations to
make up laminates (Figure 38). These are 0, 90, and #45 degrees. The

$45-degree lamina is not really one lamina, but two laminas oriented at
90 degrees to each other.

i

0° ply 90° ply +45° ply

A

Figure 38. Composite-ply orientations

Plies oriented at 0 degree (longitudinal) are strongest in the axial direc-
tion, while the $45-degree plies are best at resisting shear. 90-degree
plies are added to keep the laminate balanced. Although the order in which
these laminae are laid up has a bearing on the properties of the laminate,

a particular layup sequence is not implied in the sizing results; i.e., com-
putations are based on an equivalent number of plies in a homogeneocus (as
opposed to layered) laminate.

Certain general assumptions about the ‘ajlure of a laminate are made to
simplify the analysis. These assumptions are:

1. That the laminate must contain enough plies with their fibers
oriented parallel to the axis of the principal axial load (the
0-degree direction for the member) to carry the axial load without
failure.

2. That the laminate must contain enough ply-pairs oriented at
$45 degrees to the 0-degree direction to carry the applied shear
load.

3. An additional c-percent more plies oriented at 90 degrces are
added to carry any in-place loads transverse to the 0-degree direc-
tion (a default value of 0.10 is assumed for c).
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This predetermines the laminate configuration to be

[°°z/’45°m/9°°n]s

where ¢ = number of 0-degree plies, m = number of :45-degree sets, and

n = number of 90-degree plies in half of the laminate, Figure 39, This con-
figuration was chosen because in-plane axial loads are most efficiently car-
ried with plies oriented along the axis of these loads, while shear loads are

most efficiently carried by pairs of plies oriented at #45 degrees to the
0-degree direction.

2 . 0°
2m +45° [°°z’*“5°m/9°°n]

n 90°

90°

145°

0°

Figure 39. Laminate configuration.

All lamirates are assumed to be balanced. This means that there are as
many plies at +6 degrees from the 0-degree direction as there are at
-8 degrees from the 0-degree direction. All laminates are also assumed to be

symmetric; that is, they are symmetric about the middle surface of the
laminate.

If a laminate was specified as having L = 5, M= 7, N = 2, then it would
have 10 0-degree plies, 14 +45-degree-sets of plies, and four 90-degree plies.
A>though the order in which these plies are laid up makes a difference in the
final properties, the derived equations assume that each type of ply is
spread homogeneously throughout the thickness of the laminate.

Governing Relationships

The governing equations of lamination theory are presented in the follow-
ing paragraphs. These are used to derive material constant equations neces-
sary for the analysis. Further information regarding these equations is
available in ''Advanced Composite Design Guide,' Volume 2.
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An orthotropic composite material is characterized by the elastic con-
stants Ej, E¢, Gyr, and v[7, and the allowable stresses FgtV, Fo®, and FSY..
Further, the physical constants p and t; are necessary. The stress-strain
relationship for a composite laminate is expressed by:

. . :
N, Ap Ap A ] (e ]
N | " 1A A A | ey (55)
Mol [P A2 Ass | o)

The A-matrix is the stiffness of the laminate and is used in many places in
the program. The assumption that the laminate is balanced implies that there
is no coupling between e,, and Ny or Ny (also between e, and ¢ and ny).
This assumption is enforced by setting A;3, A3, A3], and A3, tqual to zero.

Also, due to symmetry, A]; must equal Ap;. Thus, the A-matrix has only four
independent components:

' b
Ay A O
A= A, A, 0 (56)
0 0 A

The A-matrix can be calculated from the elastic constants, using the
following relations:

- (K)
iy Z te Qy G2,

K=1,NI|

Where
i=1,2,3
J = 1,2,3
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where K refers to the Kth layer and NL is the number of layers, the Q-matrix

is calculated for each layer, using the transformation equations:
- 22~ — 4

Q) mQyy *WnQ, *t Q) +nQy,
22, = - - 4 4=

Q; mn(Qqq * Q- Mg + (M + n)Q,
4— 22~ — 4=

Qp = nQpy Q)+ Q) +mQ,,

2 2Q,, *Q,, - 2Q., - 2Q..) + (m4 + n4')5
= mn°'N11 T Y22 12 66 66

where
m = cCos
n = sin

The Q-matrix represents the stress-strain relationship of one lamina
written in the laminate orientation system (x, y) shown in the following
sketch. 6 is the angle between_the laminate coordinate system and the
lamina coordinate system. The Q-matrix is the stress-strain relationship
written in the lamina coordinate system (L, T).
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The Q-matrix can be calculated directly from the elastic constants
using:

3. - ot
11 (1- vLTvTL)
Y -
22 (- v pvp)
Q2 = V%2 :
e = Oir
Note that:

Q3= Q3= Q% =Y, = 0
and
Q1 7
For the specific case of a laminate with the configuration

[ (-] (-]
P ,/£45° /90 “]s ,

the calculation of the A-matrix can be simplified by noting that only six

(62)

(63)

(64)

(65)

elements of the Q-matrices are used to calculate the stiffness of a iaminate

with any ¢, m, and n. Using Equations 58 through 65 for a 0-degree ply:

E

0o L
4, = T

LT
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i)

VLTV

0
G2 * T

0 " 0 0
Q2 * vir% ° v
Q0 =" G all remaining Q = 0
66 = LT’ ng

For a 90-degree ply:

SR
Qgg - D!
oy = QG
g2 A
All remaining Q = 0.

For a *45-degree-ply set:

Qﬁ - Qg = 0.25 [Q, +Q,, *+ 2(Qy, * 264

45
Qz = .0:25(Qy * Qy - 4G 1 + 2))

Qgg = 0.25 (Q)y * Qpp - Q)

(66)

(67)

(68)

A new notation can be introduced that corresponds with the computations

in the programmed analysis:
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0
Q " Y
0
Q"9
0
45 $
Q = j
45 3
%G = Q (69) ;
a5 i
Q66 is calculated as needed. §
For a composite laminate subject to Nx and N_ loads, the following
design equations apply: Xy i
N ’
g = ';;-;—EG 0 Nx < 0, tension loads (70)
L0
Nx
g = m g Nx > 0, compression loads (7D
L O .
|
N
m = __x% (72)
4t F
L 45
n = c(2 + 2n) (73)

Where c is an arhitrary fraction. The following constants are useful for
repeated calculations:
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cu
X Ztl‘.F0

1

tu
Xz ZtLFo

Su
X; = 4t F, (74)

At times, it is necessary to calculate the gross elastic properties of
a laminate, E, and ny The equations used are as follows:

2t

E = —& (1, + 21, + nQy) : (75)
ZtL m
6= T 2@ R n)GLT] . v
Where
t = (L+2m+ n)2t, (77)

tL = thickness of lamina, inches

Temperature Dependence of Properties

All engineering materials are subject to changes in properties at ele-
vated temperatures. To account for these changes, all necessary material
constants are computed as a function of the design temperature for each set
of design loads. The properties affected by temperature are E;, Er, Gi1,¥r»
Fot¥, Fo™, and FycSU. The material constants that must be calculated as a
function of temperature are Q;, Qz, Q3, Q4, Qs, Gy, X3, X2, and X3. (Refer
to Equations 69 through 74.) In addition, the extentional and shear modulus
of the material for the honeycomb core used on some designs are also subject
to temperature variation.

The method chosen to compute these at-temperature properties is

straight-line interpolation of specified properties at predetermined control
points. Since most advanced composites with epoxy matrix materials are
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unusable at températures above 350° F, a temperature range of 0° to 400° F is
used. The program accepts as input to a temperature compensation table,
factors of 1 to 100, or greater, that represent the percent of the room-
temperature property available at 0, 100, 200, 300, and 400° F. Properties
at a specific temperature, Py, are determined from the room-temperature
property Pgpr, using the following formula:

T-T T (N) - T (N+1)
N) . [ C c ] (78)

Fp = Ppr- (100 100
Where:
T = Temperature

T, = Temperature compensation table temperature immediately
below T

Tc(N) = Temperature compensation table value just below T

Temperature compensation table value immediately

“l‘c (N+1) .
above T

Temperature-dependent properties are computed and stored for each of the
up to 20 load cases analyzed, each set computed at the design temperature for
ti.c load condition. Additionally, up to four other temperature sets are
created to be used for evaluation of torque-box stiffness distributions at
the specified reference temperatures. These computations are made by sub-
routine TEMPC.

Stability

In general, four types of structural members need to be checked for
stability under axial and shear in-plane loads. These structures, shown in
Figure 40, are:

1. Advanced composite plate skins

2. Advanced composite sine wave spar or rib webs

3. Honeycomb panel covers with advance' composite face sheets

4. Honeycomb panel webs with advanrced composite face sheets
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Simple support
at 4 sides

; b e
L LSS
NX
Plate skins Spars & ribs
i
//
@# TS L
//// : :
-i--— ]
Honeycomb panel covers Honeycomb panel <par/rib webs

Figure 40. Advanced composite structures checked for stability.

332


http://www.abbottaerospace.com/technical-library

It can been seen that skins will buckle in a plate mode, while spars will
buckle in a colum mode. The equations for each of these modes involve some
of the following plate bending rigidities. For advanced composites skins:

bp = M1z (79)
=2

Dy = Api7 (80)
2

D2 * A2 13 (81)

m

D66 = GLT(l*n) + (Ql + QZ - ZQS) > (82)

* 83

Djg = Dyp* 2 (&5

For advanced composite circular corrugated webs, 120-degree corrugation,

T~ v

th 3a
] = —— -
2 sin a

- 2a sin a - 3 cos a

I = 0.157 th (85)
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X 11
— - (36)
( vxyv)’x) t
- 2
(D = 0.157 R°A, 87)
f) = D . —1 88
22 2 " T.21 (88)
D = D .—1_ 89
12 12 " T.21 (89)

For honeycomb panels with advanced composite face sheets:

2
oo (c+tf)
n " AT
(c + tf)2

Dy, = Ay T3

22

2

. (c+t)
D. =A . —F

12 = M2 T2 (90)

2

(c+ty)
Do=Ac —5—
66 66 . 2

The shear buckling loads for both plates and wide colums are piedicted
by the following equations. For @ < 1:

L 1/2 2 |
= emee *
nycr bz (DZZDIZ) (0.9380° + 0.5820 + 11.7) (91)
For  21:
4K
-V 3 5.05
nycr —bz (DHD22 ) (8.125 + =9 ) 92)
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Where
1/2
o . P10
e S
Dy,
Kv = 1 for advanced composite plates
and
1-Bg2
!(v =1 Bsz - 4812 for honeycomb panels
Where
2 1/2
- 0 (P11%2)
D bu
B. = D66 7
3 1/2
‘(DnDzz)
,, \V2
B 22
1 Dll
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The compressive buckling loads are predicted by the following equations.
For advanced composite plates:

[(Dll 22)1/2 1z] (94)

For advanced composite wide columns:

2

"
= —ZD (95)

Nxcr b 11

For honeycomb panel plates:

=57 z ( 11 22)1/2 | (96)

Where

1 1
[C181+2(B1vxy+283)+CB +AZ(1+C)]

11 1
L 1+%{cB. +B s+ C) +L i
c\“B B,
1
A = 1-72B,+ BB (2Cv, )] + 2By + ars

o
[}
nNo
=]
+

<
o

Z5 B3' Bl’ and u are as defined previously
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Cy is the aspect ratio of the plate divided by' the mode. Kr must be minimized
with respect to Cl'

For honeycomb panel wide columns:

‘HZ )

Xcr = 2D11 A7)
b nzD
11

bzu

1+

Stringer Colums. Covers for the multirib designs can be analyzed for
one of four types of integral stiftener configurations - "I'', "Z", "T", or
hat. These stringers are assumed to be made up of integer number of
0-degree plies only. Stringer sections are sized first for strength require-
ments, then for local stability of flanges and webs, and finally for column
stability requirements. Local stability requirements for stringers are
expressed in terms of (b/t) required from Equations 98 and 99; for the
applied stresses on the stringer, from Equation 100.

For outstanding flanges:

1/2
K
(b/t) reqd = [lf—S”] (98)
For webs:
1/2
kz"2 1/2
(b/t) reqd = 12fc [(QIQZ) + Q3 + ZGLT] (99)
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Where

K1 and K;: are buckling constants, 1.0 and 2.0, respectively:

P
str (100)
str ’

fc = Applied stress =

Pstr = Applied load
Astr = Stringer area

The stringer load is determined from the strain compatibility relation-
ship between the skin and stringer elements (Equations 101, 102 and 103). The
skin element of the colum section is made up of 1, m, and n plies, each
combination resulting in different elastic properties (Equation 104). The
stringer element, however, consists only of 1l-plies, so its modulus of
elasticity is Q;. The distribution of cover load between the elements is com-
puted for any instance where ply makeup of the skir or stringer is changed.

Also, since the elastic properties of the skin is devendent on m-ply sets,
skin stability is always checked to insure proper proportions of skin plies.
L-ply fiber stresses for both skins and stringers are checked for compression
and tension strength; since any change in load distribution may re:ult in
load magnitudes exceeding the ultimate allowables for one element. In the
programmed logic, stringer area is varied until both the skin and stringer
are within ultimate strength allowables and the skin is stable for combined

compression and shear loading.

Load distributions are computed for an assumed skin laminate consisting
of 1, m, and n plies and known stringer area, Astr’ and spacing bstr‘ For
equal strains,

Psk st
S sStr .
. . (101)
(Ask Esk) (A )

str EStI‘

Where

P. and P are the skin and stringer loads, and
sk str

b
sk str X str

A

sk Skin area = 2tL Q1+ 2m+n) - bstr
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Bsk = Elastic modulus of skin laminate
Estr' N Q1
Then
P = P _Aiﬁ_s-k— = P R
sk str Astr Estr str
l)sk " .(P £ Psk) R B
P. ‘
psk P ((1+R)) : (102)
ser — F " Pgx (103)

The elastic modulus of the skin in the xy-plane, Esk is dcrived as follows:

1 5 ‘ -
E, =—|p. -22 (104)
sk tSk 11 !:22
Where
2t o
En =t 19t 2'“Qa"“Qz]
sk
Zeis
Ea" 1, HQ+m QN Ql]
sk
2t
Bt T [0+ m g+ may]

The allowable (b/t) for flange and webs, along with physical constraints
on minimum and maximum dimensions and minimum number of stringer 1-plies,
are used to proportion the total developed 1-ply length implied in the Ag¢r
value into a stringer section. This results in stringer geometry dimensions
for bg, by, and tstr’ satisfying requirements for (P/A), (b/t), and tni,
gage. With these dimensions, the sectional inertia properties of the stringer
can be computed and final determmination made for the allowable column length,
Lrip, of the skin/stringer colum. -
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R 1/2

OF V)
Co

L., =|—2
rib Nx (105)
where
C = Column fixity factor
Dcol = Section stiffness parameter defined as follows
I Q t..5 E
str 'l sk™ sk - = -2
D .= 3 ot Q) Oy )
col bstr 12 str ‘1 “str ‘p
(106)
¥ t:sk Esk ypZ
Where
)7; tr” Distance between stringer section centroid and inner surface
of skin
y.. = Distance between total locd centroid point and skin load plane
P as derived as follows:
; E tstr Q1 (ystr ¥ tsk/z) (107)
P (tstr Q1 * sk Esk)

Stringer colums with allowable lengths less thun the minimum required rib
spacing are not accepted. These sections are revised by additions of integer
numbers of stringer 1-plies. These additional stringer areas increase the
section equivalent EI and reduce the average applied load intensities.

Full-depth Honeycomb Sandwich. Full-depth honeycomb sandwich face sheets are
sized initially for strength requirements - £-plies for tension and compres-
sion loads, and m-ply sets for shear loads. The skin-core combination is then
checked for core wrinkling and crushing using Equations 104 and 10S.

Core wrinkling:
Nx
F 3 =—
cw tsk
N 10
F = 0.43 [E G 5]1/3 (108)
cw c ¢ B
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where

IDEQVE Y- AL =

EC = Core elastic modulus
G'c = Core shear modulus
E = Skin elastic medulus derived as E, = (E.-E,,)/?
B in elastic medulus B 11E22
2tL
Ell ==t—(17.Q1 + ZmQ4 +nQ2)
sk
ZtL
f2 " T, (2Q t mQ rnQ))

Core crushing:

P' >
cl =l er
o 1.464 F
P o= 2,31 —= 24
c Pe D' 0.16
ave
pcr = Crushing load on core

P
c .
Pe = Core foil density

Core density

Fcy = Compression yield stress of the core foil

The crushing load PCr is computed using Equation 110.

N 2
P = X
cr

tsk E11 D.ewe
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The programmed synthesis logic in subroutine ACWFDH and CKSFDH includes
three options for determining design requirements of full-depth honeycomb
sandwich torque boxes. These include:

1. Sizing skin requirements so that the sandwich structure will be
stable for specified core type and densities

2. Sizing skin laminates to strength requirements and determining
required core densities to satisfy stability requirements

3. Sizing for optimum skin/core combinations to satisfy strength and
stability requirements

In cases 1 and 3, skin stiffness increases are made by additions of
m-ply sets only. When core densities are varied during optimization, the
input core density is treated as the minimum. When densities are changed,
E'c and G'c values are computed using Equations 111 through 113,

' [ 1.415
E 2, 13( ) E (111)
C Pf c
For
p
(FC-) < 0.0338
£
p'C 1.54
G' = 2.43 (—) G (112)
c Pf c .
and for
P
—2
(Pc) 0.0338 |
W ! p
G'_ = 0.40 (”f) Ge (113)

E. = Core foil modulus of elasticity

Gc = Core foil shear modulus
Temperature-dependent properties of the core are based on foil material
properties which are computed for each design condition. At-terjerature

values for E., Gc, and F., are derived from temperature variation data for the
foil material, using the same methods described for lamina properties.
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General Procedures

At each of the 11 structural analysis stations, torque-box material
requirements are synthesized for the five major elements - upper cover;
lower cover; front spar; rear spar; and intermediate spars, ribs, or honey-
comb core (Figure 41). The covers and spar caps are sized to reach the
spanwise bending moment, MyA;. Spar webs are designed to resist the
vertical shear load, V;. The torsional Moment, MyAi- is resolved into web
shear loads resisted by the upper skin; lower skin; front spar web, and
rear spar web.

In general, the synthesis procedures are similar to that used for
metallic designs. The following list summarizes the major differences
between them which are 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. Skin and spaf webs are designed to resist torque shear loads.
Intermediate spar webs are assumed to react part of the vertical
shear loads.

5. Laminates are synthesized with integer number of lamina. Minimum

plate thicknesses are based on requirements for a balanced 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 0- or 90-degree plies, or two each of
+45-degree plies only, or combinations of all. For honeycomb
panels, laminate plies are assumed to be equally divided between
the inner and outer face sheets.

6. Addition of :45-degree plies only are made to increase stiffness
levels of panels with inadequate stability stress allowables.

7. Addition of 45-degree plies only are made to torque-box webs to

increase section stiffness to levels required to satisfy torsional
stiffness requirements.
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- r—Cover overhang Cover overhang-’l 4

< Effective cover width g

Front spar,
caps & web Upper cover

Lower cover

Intermediate spars,
caps & webs

< Width q

Rear spar ' Structural : Rear spar
plane reference plane
plane

NOTE Right-hand rule for loads.

Figure 41. Torque-box cross section.
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8. 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.

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

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

11. 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 filler material, replacing relocated
0-degree lamina, for attachment hole drilling.

12. Lightning protection material (aluminum flame spray) is assumed for
all exterior surfaces. Provisions are made for application of
sealer films to all interior su:faces.

Up to 20 sets of design loads can be evaluated. Strength and stability
requirements are determined for the critical applied loads based on
allowable stresses derived from at-temperature material properties. The
critical design condition for strength is identified by the design condition
number, 1 through 20, for each of the five elements. If the stiucture is
subsequently resized to stability requirements, that design condition is
also identified by code, the value computed as the condition number plus 20.

Bending loads are resolved into axial compression and tension load
intensities, Ny, for cover design. In addition, shear loads, .\J,\y, are
computed for skin design using Equation 114.

N A

(114)
XY; &y

Initially, integer number of %£-plies are computed for each cover from
the Ny values and ultimate allowable compression or tension stresses. Ny
and shear allowable stresses are used to compute the number of m-ply sets
required for strength. All loading conditions are processed to determine
the minimum number of plies. The number of n-plies are then computed
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(Equation 73). The cover skin panels are then checked for panel stability
under application of the compression and shear loads for each design
condition:

2
R=R +R, (115)

where

R = —
X
XCcr
N
R =-i
Xy nycr

If the sum of the ratios, R, is greater than 1, the panel is unstable.
To correct this situation, one m-ply set is added to the panel and rechecked.
This procedure is repeated until the panel becomes stable for all design
conditions. Number of n-plies are always computed after addition of
m-ply sets.

Spar web shear loadings are determined with Equations 116, 117, and 118.

Intermediate spars, as required:

Vi
N = - (116)
XYy Nspari ) Davei
Front Spar:
M
Vi YA

N =C : + (117)
Xi FSi Nspari DFS. ZAi :
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Rear Spar.

. " Crs. |N ol Ry (118)

Where

Nspari = Number of intermediate spars + 2

CFS and CRS = Front and rear spar shear load magnification constants
1 i involving two items; an input set of 11 constants for
each spar, and a shear load reaction factor based on
location of load reference line relative to spars

These shear loads are used to determine the initial number of m-ply sets in
each web. L-plies are based on spar crushing loads determined from cover
stiffness, load intensities, and local geometry parameters (Equation 119).

2N
X.

pcri B t. E D' (119)

Where

2t,
Ec, =1 (RQ * 2mQ, + nQ,)
1 1
ti=2tL°(2+2m+n)

b = Spar spacing

D' = Web depth
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The stability of each web under the combined effects of applicd Ny and P,
loads are checked. If required, m-ply sets are added to stabilize the
structure.

Intermediate rib webs are designed for strength and stability require-
ments due to crushing loads only. Equation 120 is used to compute crushing
loads on ribs.

2

p . Nx I‘rib
S t. "E, +%

cr sk sk

- (120)
str Ql) D.':we
Where

Lrib = Rib spacing

tSk = Skin thickness

Astr

bStT

'fs ¢y - Equivalent stringer thickness,

Esk = Skin elastic modulus

The number of m-ply sets is assumed to be one before stability checks
are made. The rib is then checked for rigidity as supports for the cover
stringer colum under compression loads. The required web stiffness is
expressed in terms of EI required for the web from Equation 121. This
requirement is assumed to be at the midpoint of the rib about an axis normal
to the plane of the rib. Thus, in computing available stiffness, the £ and n
plies are interchangec in Equation 122. Also, the available rib inertia, I rib?
include effects of 1-inch-wide upper and lower caps:

NW.4
X1

I ol (121)
reqd  125.0 L .,

E
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Where

Wi = Torque-box width

2t
B i T (nQ, + 2m, + £Q,) (122)

I :Lt '3 +_1_ 2

1
Fibe 12 b e T ool Dave (123)

If the available rib EI is insufficient to satisfy Equation 121, m-ply
sets only are added to the web.

Multispar Analysis

A single-level optimization search procedure is used for the synthesis of
multispar torque boxes, The total torque-box weight is optimized with respect
to the number of cover support elements - intermediate spar webs. The search
paramcter is dependent upon the option selected, i.c., constant number of
clements, NOS, or constant spacings of webs, bg, from root to tip. The search
loop is designed to select the single value of NOS or hs that will produce the
minimum torquc-box weight. Search parameter value checks are made so that
NOS and bg are constrained between minimum and maximun values. ‘These limit
values, which can be controlled by the user, insure that resulting sizings
will reflect practical producible designs. Subroutine AOWS is used for
optimization control and required analysis of multispar designs.

Design values for intermediate spar spacings or mumber of clements at cach
station is specified during each analysis pass by the control routine. 'This
determines the unique cover plate dimensions between supports, bs’ that are
different in each analysis pass. Cover and web loads are computed based on
this value. Each major torque-box element is then sized to strength and
stability requirements, Plate width for cover stability evaluated is based
on bg. Local depths, adjusted for cover plates and cap thickness allowinces
are used for the height dimension in the web stability analysis.

Total torque-box is initially sized for strength and stability under the
imposed design loads. ‘lotal weight computed at each station consists of the
five major elements, upper cover, lower cover, intermediate spar caps and
webs, front spar caps and web, and the rear spar caps and webh.,  Miscellancous
items are also included in the weight computations, particularly the items
that are dependent upon the number of spar web clements, These include the
mechanical attachment provisions at cover-spar joints, spar web protective
finish, and honeycomb core and bond weights for honcycomb pancl spar designs,
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Torque-box weight per inch computations are made by subroutine WEIGHI.
These are used by ACWMS to compute weights for the 10 torque-box panels. The
sum of these panel weights is used during the testing procedures for selection
of the optimum design.,

Subroutine WEIGHI also computes weight for full-depth honeycomb sandwich
designs., ACWMS acts as the control routine for this type of analysis, In the
programmed logic, ACMS uses full-depth honeycomb sandwich analysis sub-
routines ACWFDH and CKSFDH to compute cover and core requirements only. Front
and rear spar analysis is common to both design types.

Torsicnal stiffness computations are made and flutter stiffness checks
and resizings made as rcquired after the optimm design is selected. Detail
information at each station pertinent to the selected design are processed and
saved by the computing routines. The design information is further processed
by subroutine ACNSTR and stored in appropriate storage cells so that final
estimated weights can be computed by the same weight analysis subroutines
written for the metallic analysis, nramely WICAL, WIPIN, BHDJT, RTRIB, and
CSECW. The design information is also processed by ACNSIR for output print
by subroutines PRTB, PRTC, and ACPRTA.

Construction options which may be sclected for multispar designs include
plate and honeycomb panels for the cover and support webs. The selected
option for cover design is used for both upper and lower covers., If honey-
comb panel design is selected, the panel core thickness fcr both covers must
be specified.

Construction design for each of the three web types is specified
individually. Plate design implies corrugated sine-wave configuration. The
corrugation radius for cach web type may he controlled by the user by
specifying minimum and maximum values. If honcveomb pancl is selected, the
panel core thickness must be specified for each web type.

In all honeycomb pancl designs, the specified core thickness is used

at each analysis station. Core and bond densities are also assumed to be
constant at each station and for all five elements,
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Multirib Analysis

The multirib optimization procedure requires two major search levels,
The first level consists of optimization of a number of stringer clements
in the compression cover, similar to the number of spar clement search in
multispar analysis. The second level consists of determination of the best
combination of 1-plies in the skin panels that will result in minimum cover
and support weight at each analysis station., Overall control for the analysis
is centered in subroutine ACWRBS, Logic for the first-level search and
station analysis control! is programmed in this subroutine. The second-level
sear-h control is prograisied in subroutine ACWSTR. Special analysis sub-
routines ACOMRSK and ACSIRG are used to provide required data to ACWSIR,
These subroutines are used during secondary search computations nested within
the overall skin 1-ply search logic. Figures 42, 43, and 44 show the logic
and computation flow for the multirib analysis.

The raticnale for the logic programmed in subroutine ACWSTR (Figure 43)
is that, for each assumed number of l-plies in the skin, there is one skin
m-ply plus stringer area set that will satisfy all conditions of strength
and stability for the skin, stringer and skin/stringer column resulting in
a minimum total volume required for cover and supporting ribs. The compat-
ibility equations for all the conditions do not allow for direct solutions;
rather, a numerical search procedure is programmed in subroutines ACWSTR,
ACMRSK, and ACSTRG, all based on the initial assumption that only integer
number of filament plies will be considered in the sizing compulations.

The ACWSTR computations for stringer arca are all made for a given skin
1-ply valve. Stringer area is sized first for ultimate stress conditions.
This search requires the determination of that stringer area that will result
in maximum applied tension or compression stress on the skin or stringer
clement that is equal to or below the allowable ultimate stresses. The
element load/skin stability computations programmed in subroutine ACMRSK
provides the necessary data for this search. For each assumed stringer area,
subroutine ACMRSK determines skin m- and n-ply requircments as well as the
skin and stringer loads Pgk and Pgep.  ‘The numerical scarch procedure is
used here since the load distribution and stability equations are implicitly
related. Also, the requirvement of evaluating up to 20 Ny and Ny, load sets
(the Ny loads being cither compression (+) or tension (-)) adds to the
complexity of the solution, The loads Pgp and Pgyp plus the number and
widths of 1-plies in the stringer allow for computations of the applied stress
levels. These values are checked by subroutine ACWSTR to determine acceptable
stringer areas.

Subroutine ACWSTR then determines if the stringer section can be
proportioned into acceptable geometrics to conform to the type of stringer
specified for the cover and the crippling requirement dictated by the
minimun (b/t). Subroutinc ACSIRG performs the necessary test and
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Process input controls for search

type - no. of stringers, N§S, or
spacing, b___. Setup required data for
station angfgsls and for selection tests.

Analysis station control j = 1, 11

v

Section j loads, Nxj, Nxyj.
Strength (1, m, n) set for covers, webs.

¢

Synthesize upper cover, lower cover and
ribs. Subroytine ACWSTR

v

Synthesize front and rear
spar webs.

p y

Section weight/inch.
Subroutine WEIGH2.

L[ ]

station Calculate weight for panel k. Sum

panel weights, k = 1, 10.

Next NBS or b_ Weight trend check.

T8 TBi - 1

¢

Optimum NPS or bgyr selected Calculate
stiffness Subroutine ASTIFF

v

Exit

Figure 42. Logic and computational flow diagram for total multirib
torque-box optimization, subroutine ACWRBS.
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b
i
E
p:
g

Specified data: gy ~Stringerctype
for upper and lower cover, rib type,
loads lix and Ny, sets for all design
conditions

etup search datal
for upper cover

Search loop for l-plies In
skin, Start at lp,i,.

Stringer area search. Start at A str min.
Minimum geometry area or t bger (1st - lskin):

']

Check skin and stringer sections for P/A stresses,“"s
subroutine ACMRSK. Increase stringer area for Search loop
unacceptable sections by adding single l-ply to for (P/A)
stringer. Loop as required. _,)’

Stringer flange and w~b stability check,
subroutine ACSTRG. Increase stringer area

for uracceptable sections by adding single fearch loop for
l-ply to stringer. Loop as required. Use stringer (b/t)
subroutine ACMRSK to resize skins and stress _”}1

data for subroutine ACSTRG. ]

stringer column check. Compute allowable rib

spacing. Check with minimum and maximum Search loop for
spacing. Loop as required for column spacing stringer column
less than minimum; increase stringer area length

and resize skins and stringers, subroutines
ACMRSK and ACSTRG.

Rib design. Compute crushing load and rib
stiffness required for column support. Size
rib for strength, stability, and stiffness.

Compute total cover and rib € for weight
trend test on I-ply skin search.

| lower [Save lower cover
data and exit.

Save upper cover
data and setup for

over status
check

L _toop [1-ply skin
= search test.
Test for
status of
search.

lower cover 1-ply
search.

Figure 43. Logic and computational flow diagram for
synthesis of stringer stiffened covers, subroutine ACWSTR.
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Specified data:
(19, mys o) skin, loads N,
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bstrs Astrs

sets for all desiqn

v
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T

Recalculate complete set of Pg, Pger if
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4

loads 1,

for skin and stringer.
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N for maximum l-ply compiession and tension stresses
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save minimum value.

Check all

Figure 44.

y

Exit

logic and computational flow diagram for
skin/stringer load and skin stability, subroutine ACMRSK.
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proportioning operations. Unacceptable sections are identified by code.
Acceptable sections are optimized to develop maximum stringer area moment of
inertia by maximizing stringer heights. Stringer section propertics are
computed by ACSTRG to be used by ACWSTR in the skin/stringer column rib
spacing search operations,

Stringer types are identified by code word associated with specific
shapes (Figure 45). The number of webs and flanges, N, and Ng, for each
shape are used in the general equations used to compute areas, deve:loped
length for stringer l-plies,and/or stringer gages, tgtr.

The stringer centroid, )_r, is referenced to the inner- mold line of the

skin, and section inertia, I,, 1s computed about the centroid using standard
equations for these properties.

1 s F 0, m, n] skin

& v fwmd i
_ . "ll“sl
?ll * T
_*_;; I“L I'I - b_‘.l
v \-l'* = .tlv
* l_ l J(wm
% J Lﬂk —
B
]
Tyne i 4 T Hat
Code: () (2) (3) (4)
K ) | 1 2
N’ 0 | 2 |
N, ° 1 | 2

General equation for area, A =t Nb ¢ Nb_ *+ N
str str] hw ff tostr

t =t
str Lostr

Figure 45. Stringer types for multirib torque-box covers.

The ACWSTR logic is programmed to synthesize the tension cover after
the compression cover configuration and rib spacing have been determined.
The tension cover synthesis pass uses the same logic programmed for the
compression cover., (over status code word is used to identify which cover
is being analyzed so that results are stored in appropriate storage locations.

The logic and subscquent computations made by ACWRBS is the same as
programmed in subroutine ACWMS, Torsional stiffnesses are computed and
computed design information is processed by subroutine ACNSTR into the
appropriate format for final processing into estimated weights.
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Bending and Torsional Stiffness

Torque-box stiffness at each station is estimated based on procedures
similar to those used in the metallic analysis. For output evaluation of
stiffnesses, a reference design temperature is specified so that computed
EI and GJ at all stations are compatible. Three additional stiffness
computations are made as required, These are made at analysis temperatures
specified for flutter design and at the design points for flexible loads
and flutter optimization analysis.

In all cases, EI's and GJ's are computed for the final lamina sets
resulting, first, from strength and stability sizings and, second, from the
results of the flutter stiffness analysis. The torque-box elements
considered in the stiffness computations are listed in Table 1S. The
applicable elastic modulus for each element is noted.

TABLE 15. TORQUE-BOX ELEMENTS, SECTION ST1FFNESS CALCULATIONS

Bending Stiffness Torsional

Stiffness
Torque-Box Element EI E GJ
Upper cover skins 4 a 4
Lower cover skins 4 b 4
Intermediate Spar caps, multispar 4 a,b -
Stringers, multirib 4 c 2
Cover overhang at spars, upper v a -
Cover overhang at spars, lower v b -
Front and rear spar caps, upper v a -
Front and rear spar caps, lower 4 b -
Front spar web - - v
Rear spar web - - v/

Equations for E:

ZtL

a. (!Q1 + ZmQ4 + nQZ) upper

ZtL

b. < (!Q] + ZmQ4 + nQZ) lower

Cc. BL

The section stiffness is derived as the sum of the stiffness contribu-
tion of each element (Equation 124, or 125. The effective moduli E and G
are determined separately for each element from Equations 75 and 76 based on
the final values of 1, m, and n. Equivalent composite E' and G' values are
computed by dividing the calculated EI and GJ values by the sum of the I's
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and .J's for the section (Equations 126 and 127). These values are printed

as output along with the stiffness values to be used as order of magnitude
information,

El = ZE(Ay2+IO) (124)
2
4A :
Gl = <& (125)
tG
E' = —L(fi (126)
G' = (GJ_) (127)

For strength-designed sections that must be resized to meet flutter
stitfness requirements, integer number of m-ply sets are added to the four-
webs contributing to the section torsional stiffness. Added m-ply sets are
made to the thinrest web first until the thickness of this web is cqual to
the next thinnest web or the required stiffness level is met., Additional
plies are added in an ordered manmner so that, in the extreme case, the four
webs will consist of ply sets producing equal thickness webs, The 1- and
n-ply values are not adjusted.,

Section stiffness computations are made under control of subroutine
ASTIFF. This subroutine is designed to process synthesis information for

all three major construction types - multispar, multirib, and full-depth
honeycomb sandwich.

PTVOT STRUCTURE SYNTHESIS

A first-level wing pivot structurc synthesis routine has been programmed
as a subroutinc of the weight estimating program. The pivot system analysis
is restricted to the vertical pin type, utilizing a straight Teflon-1ined
bearing. The program is designed so that the basic pivot weight estimate is
optimum for the particular set of design data specitications. The necessary
external data required include the spanwise and chordwise location of the
pivot, and material. The synthesis results will include weight estimates
for the movable and fixed lug structures as well as the pin, bearing, and
lug support structures. Design data for the pivot such as lug widths, pin
diameters, bearing depths, and design loads will be available {rom the results
of the analysis.,.
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WEIGHT ANALYSIS

Weight analysis of lifting surfaces is made by various functional &
routines of this module. Weights for structural components are evaluated 3
in detail to provide estimates for 9103-D group weight items,detail
torque-box elements, and mass properties distributions. Design and descrip- 4
tive data from the input data sets, structural synthesis routines, and design
data routines are all used for mass properties evaluation, which are designed
to:

1. Compute weights of structural elements of the main bending box
from design data developed by the synthesis routines, and com-
pute pivot and center-section weights, as required. 4

2. Compute component weights for leading edge, trailing edge, and
secondary structures from geometric, statistical, and vehicle
design parameters.

3. Determine total structural weights and mass properties distributions 5
for final output or for the next iteration so that calculated
structural weight data will be available for net loads analysis.

TORQUE-BOX WEIGHT ANALYSIS

Final estimated weights for the torque box are derived (1) by
application of weight indexing coefficients to each of the box elements
synthesized and (2) by estimating weights for any required structures at
local stations along the span, such as chordwise splices, bulkheads, etc.
Table 16 includes a set of program index factors for the torque-box elements
of a wing design. These factors applied to the synthesized structures result
in a 13.6-percent increase in weight. This nominal increase in synthesized
weight results from lower program index factors used during point design
studies, since many design constraints are known, and program design data
such as geometries, loads, stiffness requirements, etc, can be controlled
and preliminary information from the various engineering groups can be used
instead of program-generated data. The individual factors will be larger for
conceptual phase solutions, because many design data will not be available
and program synthesis operations cannot be expected to produce all required
structures of an unknown design. Under thesc conditions, the average single
weight factors wili be between 25 to 45 percent. This range will be
influenced by individual coefficient and sizing changes due to construction,
material, and detail design differences.
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EPNEPSITESE——— EC_ oo N

TABLE 16. SAMPLE WING TORQUE-BOX PROGRAM CALIBRATION
AND WEIGHT INDEX COEFFICIENTS

Torque Box
Intermediate Panel Center-Section
Torque Box Components and Elements Multispar Stringer-Rib
Torque Box 1.0050 1.0000
Upper cover (1.0675) (1.0925)
Skins 1.0300 1.1172
Stringer/spar caps 1,2140 0.8631
Lower cover (1.0725 (1.0725)
Skins 1.0450 1.0637
Stringer/spar caps 1.2078 0.9405
Misc skins (1.2350) (1.2350)
Misc attachments (1.0750) (1.0750)
Intermediate ribs/spar webs (1.1250 (1.1385)
Basic webs . 1.0500 1.0242
Misc 1.0750 ) 1.0970
Front ‘spar (1.1355) (1.0400)
Caps 1.1450 1.0400
Webs _ 1.1450 1.0000
Rear spar . (1.1250) (1.0400)
Cag s 1.1940 1.0970
Webs 1.0970 1.0000
Reot rib/CL rib (1.1450) (1.0450)**
Caps 0.3330 0.5000
Webs 1.1405 1.5500
Torque box average single
factor weight index
coefficient 1.1364* 1.1090*
K = [Actual box wt ]
Estimated box wt
**Opne rib/air vehicle |

359


http://www.abbottaerospace.com/technical-library

The individual element indexing approach is used so that weight
increments can be assessed to individual elements for discrete functions and
reasons. In this way, load, geometry, and/or design-related increments not
considered in the analysis can be isolated and accounted for when unique
design requirements must be considered. In general, the weight index factors
are determined externally by program calibration runs. These factors must
be considered first as analysis calibration factors and, second, as incremen-
tal weight factors to be used to assess unique conditions and design param-
eters not considered in the analysis or indexing operation:s.

The final torque box weight estimate will include detail weights for
each element. These weights are determined by the average end area method
of volumetric calculation:

AY.
=—J
welement. 2 [Aelement. + Aelement. ] (128)
] i i-1
Where
welementj = the element weight for panel j
AYj = the station interval for panel j
px

the material density
A . .
elementi = the total element cross section at the panel stations

The element area at each station is derived from the synthesized cquiva-
lent gage, the section width, and the element index factor:
= Width . [6

A'element ; element * Yelement i] (129)

In all cases, the element index factor is not applied to minimum gage material
or to skin and web gage increments required to increase section stiffness for
flutter.

The program also includes major component factors for the torque box,
pivot, center section, leading edge structures, trailing edge structures,
secondary structures, and one tor the total surface weight to allow single-
factor indexing operation.
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Since structural sizes are synthesized at 11 stations along the
structural chord, local torque box weights per inch and station-to-station
panel weights can be estimated. These derived mass distribution data arc
used for (1) mass properties evaluation of the torque box estimates and
(2) to provide detail distribution data for comparisons of materials and
constructions, or to determine location and weight increments due to flutter
stiffness penalties or changes in general wing geometry and design parameters.

The cover weight at each structural station includes spar overhang
material. A structural width correction factor is applied to both upper- and
lower-cover skin weights based on the effective width derived from Equation
20. M’ the weight correction factor, is:

W
- eff
‘Hwt W (130)

Cover stringer and intermediate spar weights are corrected with the factor
derived from Equation 130. This accounts for the number-of-elements to
number-of-spacings inequality that results from the basic equivalent t
method of representing cover and intermediate support structures, as dis-
cussed previously.

The density p, in Equation 128, applied to all torque box t's, is the
material density of the compression cover. A density correction factor
other than 1.0 is applied to the lower-cover and spar weights if the input
data set contains specified densities for these structures. This provides
for sensitivity to selections of materials or alloys, other than that
specified for the campression cover, although the same material is generally
assumed for all four major elements. However, some vehicle designs require
selections of different types and alloys of aluminum for specific applica-
tions and requirements. In general, these selections are based on the
unique physical and mechanical properties of specific alloys such as superior
strength, fracture toughness, fatigue life, stress corrosion, or elevated-
tenperature properties.

LEADING AND TRAILING EDGE WEIGHT ANALYSIS

The weight analysis routines for leading and trailing edge structures
are designed to provide detailed mass properties descriptions of these com-
ponents. Weights of each major leading and trailing edge component are
estimated with statistical equations based on component geometry parameters
and/or vehicle design criteria. These statistical equations provide
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structural weight sensitivity to configuration-oriented geometry,

enviroment, and design specifications. Each estimation equation includes
design load factor, design gross weight or maximum dynamic pressure, component
type, and component physical size parameters from which unit weights for each
camponent are derived.

The basic equations for control surface devices are modified so that the
unit weights can be adjusted through specific types of data in the input
data set. This allows for weight sensitivity to design-oriented features
of the vebhicle being evaluated. Each control surface device includes three
additional terms, added specifically to increment the basic unit weights for
(1) local t/c, (2) local physical available volume, and (3) surface actuation
(number of actuation systems per device).

Vehicle criteria and general geometry data are ordered for the analysis
routines by the design data module routines of SWEEP or the general lifting
surface data control routine of this module. Physical descriptions of the
camponents are derived by the analysis routines fram lifting surface geometry
data and data subsets in the input data set which are used to describe the
physical dimensions and locations of each component.

Control surface device descriptions must specify the type, number of
panel segments per device, and pertinent control coordinates so that necessary
geometric data can be computed. The generalized procedures discussed under
"Lifting Surface Geometry,' of this section, are used to specify the boundry
lines of any control surface device. Geometry data for each type of device
must be provided in specific formats, since estimation procedures tor each
type are programmed individually. Figure 46 shows wing control surface
devices showing the required geometry specifications which are used for
device planform geometry area calculations and for positioning the device
in the correct location.

Estimation Equation Form

The weight estimation equation can be expressed in general fomm as:

w/s = 1<0[1<1 +£AK][(W/s)o] 131)
Where

w/s = estimated unit weight

Ko = general weight coefficient to be used by the user,

1.0 unless changed
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K1 = basic statistical equation correlation factor,
different for all components
ZAK = derived unit weight modification factors
(w/s)0 = basic statistical unit weight (function of vehicle

enviroment and geometry)

For all devices, provisions are made in the input data set and analysis logic
to allow the user to specify desired unit weights, in lieu of the program
derived data.

The basic statistical unit weight, (w/s)o is derived for each component
in one of the following three fomms:

w/s =€ (C, X, +Cy) (132)
wis = Cy(x,)%s + (%)% | 159
w/s = cs(x4)C9 (134)

where the C1-9 are equation constants, and the Xl_ 4 are estimation parameters
based on vehicle criteria and component geometry.

The unit weight modification factor ZAK consists of three terms:

t/c .2
4K = &, [(_(/t_/)c)iii]o , A&, + 4K, [N"'“S . 1.0] (135)
where
AKZ = basic incremental factor for thickness ratio
AKS = basic incremental factor for available volume
4K i = basic incremental factor for number of actuators
(t/c)ref = (.10, constant
(t/c)i = aerodynamic thickness ratio at midspan of each
segment panel
N = number of actuators per segment panel

Term 1 of Equation 135 is included in the fixed structure equations.
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Fixed Leading Edge Structure

The fixed lealing edge structure is assumed to include all structures,
other than the leading edge devices, forward of the front spar and between
the buttock lines defined by the Y-coordinate at the first and eleventh
structural cut. The weight analysis accounts for any structure forward of
the theoretical leading edge of the trapezoidal planform. However, the
geometric parameters used for evaluation of (w/s), are based on the theoreti-
cal leading edge geometry. The derived unit weights, based on Equation 132
when multiplied by the true exposed leading edge planform, results in the
estimated fixed leading edge weight only if leading edgc devices are not
specified.

For leading edge designs with control surface devices, fixed structure
weights are subtracted from the initial estimates. These incremental weights
are computed from assumed fixed leading edge weight distribution surfaces
and is dependent upon the type and location of the control surface device.
The weight distribution surface is initially determined by assuming that the
derived unit weight is distributed uniformly over the exposed leading edge.
Thus, panel puint weights then can be computed between spanwise leading edge
distribution control stations. Each individual panel weight is then assumed
to be distributed linearly between the control points as a function of the
true aerodynamic chord forward of the front spar. The chordwise distribution
of the unit spanwise weight at any station is then assumed to be distributed
between the true leading edge and the front spar, based on a predetermined
trapezcidal distribution. The surface is evaluated by the procedure des-
cribed under "Lifting Surface Design Data," of this section.

The estimation equations for (w/s)o, for wing, horizontal, and vertical
tails are shown in the following, along with the final unit weight equations:

1. Wing:
0.8 S
(w/s)_ = 0.00077 [M] +0.83 (136)
e ave
0.25 :
0.10
w/s), = K, ’1.50 +0.10 [(—t/c—)a‘;] t(W/S)O (137)
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2. Horizontal tail:

0.8Q S,
(w/s), = o.ooo4[——cl‘a"——1-°-]+ 0.54 (138)
ave . )
0.10 192%
(w/s)h = Kh 1.75 + 0.10 [(E7ES——-] (W/s)o (139;
ave
3. Vertical tail:
0.8 s
(w/s), = 0.0004 [—;&1&] +0.54 (140)
ave
) 0.10 9%
(w/s)V = hv 1.50 + 0.10 [({7;3;;;] (w/s)0 (141)

Where

maximum dynamic pressure, generally determined
at VL’ sea level :

Quax

S1e = exposed theoretical leading edge planform area

average chord determined by dividing exposed area

i by exposed leading edge span measured along front spar

(t/c)ave = aerodynamic thickness ratio at exposed leading
edge midspan

Leading Edge Control Devices

Three sets of leading edge devices can be positioned on any wing plan-
form, as shown in Figure 46. The device type at each location must be
specified from one of three types of leading edge devices: (1) leading
edge slats, (2) leading edge kruger flap, and (3) droop leading edge.

The weight estimates are based on unit weights computed for up to three

segments per device. The number of segments, specified in the input data
set, is used to compute segment geometries that are of equal spans. The total
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device weight and centroid are computed from segment data, from which device
weight distribution data are computed.

The estimation equation for (w/s), and the final segment unit weights
follow:

1. Leading edge slats:

0.32 ' 0.25  (142)
zult oy ) + 1.0 (0'8 Qma.x Spnl)

N
(w/s)o = 0.551( S
- W pnl

0.25
0.125

- +0.01+1.0 [N -1.ﬂ(w/s) (143)

(t/t-)a“,e o

s, - K51!1.0+o.10 [ ]

2. Leading edge kruger flaps:

_ N 0.32 0.8 S 0.25
o/s) = |o.a13( it DGH + 0.667 Snax pnt (144)
o S b
W pnl
0.25
. 0.10 [ 0.125_ ]
(w/S)kr Kkr’1.0+0.10 [(t/c)ave] +0.01+0.75|N 1.0 t(w/s)0
(145)
3. Droop leading edge:
0.25
0.8Q S 0.8 S
(w/s) = {0.00077 pall.o.830+{0.33 Snax “pn1
o C b
ave pnl
‘ (146)
' 0.25
) 0.10 [0.125_ ]
(w/s)dn an ,1.725*0.10[(t/c)we] +0.01+0.50|N 1.0 t(w/s)o
(147)
Where
N = ultimate positive load factor
ult
DWG = basic flight design gross weight
SW = gross wing planform area
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wn
"

planform area for each device segment

o
n

device segment span measured along forward
device control line

(@]
n

ave - average device segment chord

(t/C) ave

aerodynamic thickness ratio at segment midspan

Fixed Trailing Edge Structure

Fixed trailing edge structure weight analysis is based on the same pro-
cedures as described for the fixed leading edge, except that processing ~f
fixed structure incremental weights where control surface devices occur
includes positive increments. These positive delta weights are added to the
basic weight estimates to account for local structural provisions for the
devices.

The basic statistical equation corvelation factor, K, in the general
Equation 131, is adjusted for fixed trailing structures by a coefficient that
is sensitive to the maximum design dynamic pressure. The correction factor
Ains determined as:

(148)

A = Sﬂiﬁ -
Q9 a (: Qo ) :
Where C, and Cp are constants, currently assigned values of 1.0 and 0.70 for
wing and 0.75 and 0.70 for horizontal and vertical tail surfaces, and

Q

s reference dynamic pressure, 950 psf

Qmax = maximum dynamic pressure, psf

The estimation equations for (w/s) and the final fixed trailing edge
unit weights are listed in the following for wing, horizontal, and vertical
tails:
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1. Wing:
0.35 S
(w/s), = 0.0165 [ Q';ax te] + 1.45 (149)
te
0.10 0.25
(w/s)W = Kw 1.0+4Kq +0.10 [(t/_c)a;] (w‘/s)o (150)
2. Horizontal tail:
0.35 S
(w/s), = 0.0145[ bq’ﬁ" te]~~1.3s (151)
te
0.10 0.25
(w/s)h = Kh 1.0 +AKq +0.10 [m] (W/S)0 (152)
3. Vertical tail:
0.35Q .. S
w/s), = 0.0145[ bQ'““‘" te]+ 1.35 (153)
te
0.10 0.25
(w/s)v = l(V 1.0+4K + 0.10 [-(T/T)——] (w/s)o (154)
L ave

Trailing Edge Control Devices

Provi :ions are pade for evaluation of up to six trailing edge control
devices: 1 and 2 tor spoilers; 3,4, 5 for flaps; and 6 for flap/aileron.
For flap-type devices 3, 4, and 5 (plus 6 if flap type is ordered), one of
four general types of flaps can be specified - simple, single-slotted,
double-slotted, or triple slotted. Additional data are required for double-
and triple-slotted flaps to describe relative sizes of the chordwise panels
'Tigure 47).

Control device 6 is internally treated as a gencral device, so that
flap-type or ailerons for wings, elevators for horizontal tail, and rudders
for vertical tails can be evaluated. Two additional data subsets are
included for this device for elevators and rudders. The analysis routine
checks indicator status for lifting surface type and device type to logically
determine the type of aralysis to be performed.
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D Flap panel cnordwise control points
QO Fixed shroud TE control points

Outboard control station, YOB
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Lower shroud TE
N
Upper shroud -'i'-?— S'I Ilg"l| | "
T = ; LE fwd 1
(typ) Isi, ~ 5,0~ __ ﬁ, pane
' 2 |[H-2 “\IE'E i~ By St mTd-pane
"'!-....__
H 2 — Hg 3 TE fwd panel
. = g 1|]| —e—LE aft panel
"—‘—\—-_._.____‘__‘_‘--_‘-‘- -
T TE mid-panel
TE
Single Double Triple
i %
slot slot slot
|
Inboard control station, YIB
Schedule of required chordwise control point data
Flap £l Shraud control points
ap type 1 |
0 Simple X - - = 3 Optional | Optional
1 | Single-slotted X - 2 - - X X
2 Double-slotted X X X = = X X
3 Triple-slotted X X X X X X X

Figure 47,
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Estimated weights are distributed by the procedures discussed under
"Lifting Surface Design Data,' of this section. The estimation equations for

trailing edge devices are:

1. Spoilers:

0.8Q _S
/s) = 0.008 pil, 1,95 (155)
o b
pnl
0.25
o 0.10 [ 0.125_ ]

W/s)gy = g, {1.o+o.1o [(t/c)ave] +0.01+1.0 [N 1 :(w/s)o

(156)

2. Trailing edge flaps:
270
SE) 0.25

14.4 Qmax(Ff'
0.69| —o T (157)
ave

(W/S)o

_ 0.10 70.25 0.125
(W/s)g = K¢ txtype +0.1v [m] +0.01+1.5 [N -1];(w/sJo
(158)

3. Ailerons:

0.35Q S n 9
X a 0.25
(w/s)O = o.owzs[——ba———]u.ss +00.50 | 0.35 (Q ‘()
0.10 70.25 0.125 (159)
w/s), = xaz 1.0+0.10 [(t—/a—] "©°+0.01+0.10 [N ; -1]'!(-../s)0
R ) (160)
4. Elevators:
0.35Q - S | 0.2069
X €
< = L5 ol
(w/.)o 0.773 5 (1e01)
(]
0.25
. 0.10 [ 0.125_]
(w/s)e xe {1.404»0.10 [(t/c)ave] +0.01+0.10 | N 13(‘4/5)0
(162)
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5. Rudders:'

0.35 -

]+ 1.35027 (163) ‘

S
(w/s)o = 0.0244.2[ br

0.25 ;
w/s), =K {1.50:’0.10[(&‘:;0—] +6.01+0.10 [1\10‘125-1]}(w/s)o '
(164)

ave

The K factor in Equation 158 is selected from a table of factors

e
based on thgptype of flap specified. Table 17 shows the values for Kt
along with the indicator control word values.

TABLE 17. FLAP-TYPE INDICATOR AND CORRELATION COEFFICIENTS

Indicator Correlation

Flap Type Value Coefficient
Simple 0 1.000
Single-slotted 1 1.250
Double-slotted 2 1.500
Triple-slotted 5 1.750

The flap segment area, Sf, found in Equation 157, is the sum of all

chordwise panel areas. Thus, for triple-slotted flaps, actual planform

areas are camputed for each of the three chordwise panels from the input
data specifications (Figure 47). The value of b. is based on the swept

distance along the forward leading edge of each "flap segment.
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BASIC MODULE QUTPUT

The weight analysis routines derive estimated weights of lifting surface
components in detail so that AN 9103-D, '"Group Weight Statement,' information
can be prepared from the results. The estimates are ordered for (1) output
by the output module of SWEEP in vehicle analysis weight statement format and
(2) output by the output data print routine of the wing and empennage module.
Figure 48 is the weight summary printed for each surface analyzed.

Figures 49 and 50 are weight summary details for the torque box structures
printed under optional output control. Detail pivot structure weight esti-
mates shown in Figure 48 and the torque box summary in Figure 50 are printed
only if variable-sweep wings are evaluated.

The format used to summarize torque box component weights (Figures 49
and 50) are tailored for multirib stringer designs. The same format and
headings are used for the other three construction types - multispar plate,
multispar honeycomb panels, and full-depth honeycomb sandwich. The format
and headings are also the same for advanced composite designs. Weights for
the various elements that make up these torque boxes are grouped and assigned
to one of the applicable line items on the summary page. Table 18 defines
those items that are grouped. Protective finish weights for advanced
camposite front and rear spar webs are included in the web weights for the
spars. The honeycomb core and bond weights are also added to the spar webs
weights if the honeycomb panel construction option is selected for the rront
or rear spar design.
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P = L

TORQUE-BOX SUMMARY PAGE LINE ITEM DEFINITIONS

TABLE 18.
Construction Type
Multispar
Multirib Multispar | Honeycomb Full-Depth
Summary Page Skin-stringer Plate Panel Honeycomb
Line Item Covers Covers Covers Sandwich
SKINS a a b b
STRG. c d d,e
MISC. SK. g,1,) g,1,j f,g,h,1,j g,i
INTERM. k,m,n 1,m,n 1,m,n h
MISC. ATT. 0,p,q 0,p,q 0,p,q P.q

Code Definitions:

cover skin, including forward and aft overhang

face sheets, including forward and aft overhang

stringers

intermediate spar caps

honeycomb panel inserts at intermediate spars

bond weight, face sheets to core

skin pads at intermediate ribs or spars, front and rear spars, tip
and root ribs, bulkheads and splices (includes fillers at ribs
and spars for advanced composite option)

R -0 QN o
nononnn won

h = core
i = exterior flame spray protection for advanced composite skins
' Jj = interior seal and/or protective finish for advanced composite skins
k = intermediate vibs (caps and webs)
1 = intermediate spar webs
m = protective finish and/or sealant for advanced composite webs
n = core and bond for honey:-omb panel webs (advanced composite structure
option only)
o = miscellaneous attachments for intermediate ribs or spars
p = cover-to-support structure attachments
q = splice fasteners
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DESIGN DATA GENERATION OPTION

GENERAL DESCRIPTION

Evaluation of the dynamic characteristics of lifting surfaces,
particularly high-performance wing with thin, highly swept, high-aspect-ratio
planforms, are an important part of the preliminary design cycle. The ana-
lytical programs used to evaluate airloads due to wing flexibility and for
coptimization of the wing torque box to satisfy flutter criteria require engi-
neering descriptions of the physical characteristics of the wing in terms of
geometry, stiffness, and mass properties. Much of these data are developed
by the wing and empennage module of SWEEP as part of the synthesis/weight
analysis of lifting surfaces.

The data generation option of this module produces, as output, the
preliminary data necessary for flexibility and/or flutter analysis. Most of
the design data required by the stand-alone flexible loads analysis program
and the flutter optimization programs can be obtained as module output,
special punched cutput, and/or printed output.

This SWEEP option for design data generation was developed to be used
during the iterative design cycle in which the effects of wing flutter stiff-
ness requirements and wing flexibility are optimized for efficient spanwise
distribution of torque box material. In this study phase, stand-alone versions
of SWLEP, flutter optimization, and flexible loads programs would be used as
illustrated in Figure 51. Each program is set up to evaluate the configuration
and, as output, to produce design information as printed and/or punch output.
Evaluation of these results can then be made by responsible engineering
specialists before use as input data for the other programs.

PROGRAM DESCRIPTION

The data generation option of the wing and empennage module is designed
primarily to provide mass properties and structural design data for the
flutter optimization and flexible loads analysis programs described in
Volumes X and XI. Analysis controls and evaluation procedures are programmed
in the output overlay, overlay (17,0). Additional mass properties procedures
are included in overlays (14,0) and (15,0), and additional data processing
is included in the torque box synthesis control routines of overlays (9,0) and
(18,0) to provide the necessary inputs to overlay (17,0) routines.

Subroutines WVFDD and WFLDD are the data generation routines programmed
for this option. Special subroutines TBFWI, TPINT, PINT@, and CTT are used
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by these subroutines. WVEDD provides the output data set for the flutter A
optimization program, using PINT@ to print and punch the results in the data 2
card format required. WFLDD creates the data set for the flexible loads pro-

gram. Output information consists of pertinent vehicle design criteria, wing

geometry, torque box bending and torsional stiffness, and strip mass

distributions.

The integration of mass properties distributions are made in overlays
(14,0), (15,0), and (17,0). Computations in overlays (14,0) and (15,0) result
in mass properties estimates made for leading edge and trailing edge structures,
torque box fuel and contents, and externally mounted concentrated mass items.
Integrations of weight and inertia distributions are always made for both
flexible loads and flutter in conjunction with the integrations performed for
deadweight loads evaluations in the structural/weight analysis system.

In overlay (17,0), the weight and inertia distributions of the final
estimated torque box weights are evaluated and combined with the previously
calculated data. The summation of loads and flutter system data is performed
by separate subprograms written to process the required data for output.

MASS PROPERTIES AND DESIGN DATA PROCESSING REQUIREMENTS

Mass properties, structural design, and geometry data are required in
different reference systems, for different sets of control stations, strip
widths, and strip orientations. Each program requires data which are evalu-
ated at predetermined control stations and referenced to one of the two basic
lifting surfaces coordinate reference systems. Data describing the mass
characteristics for all items contained in the moldline of the exposed wing
are processed as distributed masses - 10 equal-width aerodynamic strips for
the flexible loads analysis program (Figure 52) and 1l structural system
strips for the flutter optimization program (Figure 53).

Mass properties data must 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,
cvaluations for mass properties of wing fuel and externally mounted expendable
items are evaluated individually for each program, based on user specifications
defined through control data in the input data set.

Mass properties summation 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 fucl status for flexible loads design loading and flutter design
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loading. Estimated full-capacity fuel mass properties data for each fucl
cell are scaled to the desired 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 he
evaluated by the flexible loads and flutter optimization programs. Loading
status schedule similar to that for fuel usage is provided.

The structure temperatures for flexible loads analysis and the critical
flutter conditions may differ from the design temperature for torque box
strength requirements. Thus, the stiffness levels resulting from the strength
analysis must be adjusted to account for the effect of temperatures on the
structural material. In the analysis of metallic designs, it is assumed that
the material modulus of elasticity, E, and modulus of rigidity, G, are con-
stant over the complete span. Adjustments of stiffness levels for temperature
differences are made by linear scaling of computed EI and GJ. The scaling
factor is the ratio of E and G values, at the new design temperature to the
base values. Stiffness levels of metallic designs for the two types of output
data sets are controlled by input of required values of design E's and G's or
factors for each to be applied to the strength design EI and GJ.

Stiffness levels of advanced composite torque boxes are expressed in
terms of EI and GJ. However, the E and G parameters cannot be assumed to be
constant over the span. Also, the equivalent values of E and G at any section
is dependent upon number and ply orientation for all members of the torque
box. Thus, the stiffness analysis routines for advanced composite torque
boxes are programmed to compute EI and GJ with at temperature material proper-
ties for each set required. The input data set for advanced composite
analysis includes provisions for specifying the desired design temperaturcs
to be used.

STRUCTURAL SYNTHESIS/WEIGHT ANALYSIS REFERENCE SYSTEM

During the structural synthesis/weight analysis of lifting surfaces,
geometry, design loads, and structural design requirements are evaluated at
11 control stations, based on the (YA, Xp) structural reference system
(Figure 54). Torque box structures are synthesized at these stations. Unit
spanwise weights are determined; then estimated weights are calculated by
integration between these stations. Bending stiffness, EI, and torsional
stiffness, GJ, are computed from 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 .
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Mass distribution surfaces are defined for each wing structure component
and content items. The evaluation procedure is based on numerical integration
of mass properties for rectangular mass elements with uniform density. Prop-
erties are evaluated for individual grids of a finite grid pattern defined
for each component (Figure 55). The densities aie based on the weight surface
ordinate at the grid centroid determined from spanwise weight per inch values
that are distributed chordwise. The numerical summation of each grid element
is governed by the relationship of grid centroid coordinates to the control
station coordinates and strip boundaries.
v

DATA FOR FLEXIBLE LOADS ANALYSIS PROGRAM

Two sets of reference systems are used for the development of data
necessary for the flexible loads analysis program. Mass properties data are
evaluated for 10 exposed wing panel strips, with boundaries defined by 11
equally spaced aerodynamic cuts (Figure 52). Integration of the weight dis-
tribution surface is based on aerodynamic reference system coordinates.

Total panel mass and chordwise centroids are summed 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 contiol station.

Concentrated mass items are included as part of distributed strip data.
Location of each concentrated mass item (up to seven items may be described
in the input data se:) is determined relative to the mass integration control
stations. The mass items are assumed to affect the two control stations that :
straddle the mass coordinate point on the reference axis; thus, these
weights are beamed to the stations, using simple beam static equations for
determining 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 resulting from the torque box
synthesis are processed into 12 control station sets for output. A control i
station is added between analysis control stations 1 and 2 to provide EI :
and GJ values close to the root station to allow the curve fit/curve evalua-
tion procedure 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, and (2) one-tenth of the distance
between station 1 and the centerline, along the structural reference axis.
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Figure 55. Mass properties integration grid system.
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Two data decks are output for the flexible loads analysis program, with
all punched data formatted for read by subprogram DECRD. The first data set
consists of BC array data calculated by the data management module of SWELP
for use by the airloads module. The flexible loads analysis program uses the
same data array. BC array definitions can be found in Volume II, '"Program
Integration and Data Management Module." The second data set includes calcu-
lated design and mass properties ordered for read into the BF array of the
program,

DATA FOR FLUTTER OPTIMIZATION PROGRAM

The reference coordinate system for flutter optimization analysis is
the same as the structural reference coordinate system. All mass properties
and structural design data are computed for strips normal to, and at stations
on, the spanwise reference axis, Yo. The structural analysis control stations
are used as control stations for the flutter optimization analysis, and
computed data are ordered in the array format requived by that program.
Figure 53 shows the control numbering used for determining the data require-
ments. lhirteen flutter optimization control stations are normally created -
11 for strip data, plus an inboard and an outboard control station required by
the flutter program. Two additional control stations may be added, for a
maximum of 15 stations. These added stations are created for each of two
externally mounted masses on the wing at the flutter design condition, if
these masses are specified in the input data set for analysis.

The presence of add-mass items requires that control station numbers for
stations outboard of the mass be increased by one, and associated data
processed to conform to the revised station numbers. Thus, for the inserted
sketch in Figure 52, the initial control stations 9 to 12 are assigned con-
trol station numbers 10 to 13, and the station at the add-mass coordinate on
the reference axis is assigned station No. 9.

Two sets of add-mass data are prepared for output for flutter analysis,
based on data subset specifications in the input data set describing these
masses. Elements of a matrix describing the mass are determined and included
as special data sets for output, along with associated stiffness, 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 items which are not processed as add-mass items for
the flutter optimization program are integrated with the mass propcrties of
the strip in which the mass Y coordinate intersects the structural reference
axis (same as shown for the add-mass item in Figure 53).
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Mass properties data for distributed masses are determined for 11
strips. The strips are associated with the 11 weight analysis stations and
are bounded by the structural stations at the centroids of the 10 trapezoidal
panels occurring between the 11 analysis stations. The mass distribution
surface is integrated between these boundaries to the control stations based
on structural reference system coordinates. Strip mass, mass centroid dis-
tance 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 (lb-inz.)

2. Structural box width and average depth (in.)

3. Aerodynamic wing chord at the control station (in.)

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

5. Change in the sweep of the reference axis at the control station,
if any (deg)

6. Node control indicators for each control station

7. Distance from the control station to the local aerodynamic center
of pressure, assumed to be at the 25-percent chord line (in.)

8. Local slope of the lift curve, assumed to have the value equal to

2 cos (AZSC)’ 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 the output
data set or, if the data cell 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, modulus of rigidity for the torque-box material (psi)

3. p, density of the torque box material (1b/cu in.)
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4.

Density of air at the critical flutter speed and altitude for which
the output data set is being created. This critical point, in
general, is assumed to be at maximum limit speed, Vi, at sea level.
The value of the critical flutter speed is determined by applying
a factor of safety to this speed - 1.15 for military designs and
1.20 for commercial design (1b/cu in.).

Buttock line station of the root station (in.)

Required flutter speed, defined by item 4 (kn)

Vehicle less 'wing and contents mass properties data:

a. Weight (1b/side)

b. Distance to the mass centroid of item a. from the fuselage
station of the root control station (in.) positive if the mass

is aft of the root -tation

c. Pitch moment of inertia of item a. about the mass centroid
(1b-in.2)

d. Roll mo%\ent of inertia of item a. about the vehicle centerline
(1b-in. <)
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