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and indicates trends when parameters are varied. Fighters» barbers, and cargo 
aircraft can be analyzed by the program. The program operates within 100,000 
octal units on the Control Data Corporation 6600 computer. TVio stand-alone pro- 
grams operating within 100,000 octal ir.Lts were also developed to provide 
optional data sources for SWEEP. These include (1) the flexible airloads 
program to assess the effects of flexibility on lifting surface airloads, and 
(2) the flutter optimization program to optimize the stiffness distribution 
required for lifting surface flutter prevention. 

The  final report is composed of 11 volumes. T..is volume (Volume III) 
contains the methodology, program description, and user's information for the 
airload module of SWEEP. 
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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 Ccranand, Wright-Patterson 
Air Force Base, Ohio, 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: 

G. H ise - Mass Properties 
R. niyama - 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 - TTiennodynamics 
D. Konishi - Advanced Conposites 
C. Hodson - Structural Dynamics 

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

Volume 

I "Executive Sumary" 
II "Program Integration and Data Management Module" 
III "Airloads Estimation Module" 
IV "Material Properties,Structure Temperature, 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 ffanual" 
X "Flutter Optimization Stand-Alone Program" 
XI "Flexible Airloads Stand-Al one Program" 
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Section I 

INTRODUCTION AND SUMWRY 

SIM1ARY OF CAPABILITIES 

Two main functions of the loads module are the development of design 
airloads and winp fatigue spectrum data for fixed or variable sweep-wing 
fighter, attack, bomber,  and transport vehicle categories.    Different general 
arrangements that can be evaluated are: 

1. Conventional aft horizontal tail 
» 

2. Forward fuselage-mounted horizontal tail (canard) 

5.    Single or twin vertical tails 

4.    T-type vertical tail 

Component airloads and centers of pressure are calculated for a number 
of flight conditions to provide reasonable expectation that the maximim air- 
loads are encompassed.    These conditions include both flaps-up and flaps-down 
cases as well as critical maneuver and gust conditions along the vehicle 
speed-altitude profile.    Limit airload shear, bending moment, and torsion are 
calculated at stations along the load reference line for each of the lifting 
surfaces.    Airload shear, bending moment, and torque are combined with the 
surface inertia loads to determine a critical design load envelope for the 
wing, horizontal tail, and vertical tail.    Material properties at the struc- 
ture temperature, load factor, and weight of contents at the specific condi- 
tion enter into the derivation of critical design loads at each weight analy- 
sis station.    Net fuselage loads are calculated within the fuselage weight 
estimating module which uses the matrix of airload data generated within this 
module. 

Wing bending moment spectra are calculated at two wing stations for a 
specified service life and nurober of landings.    Flight spectra are calculated 
from specified blocked mission usage segments and load factor exceedence 
tables for the different vehicle categories.    Spectra data is transmitted to 
the fatigue module which calculates the wing allowable operating tensile 
stresses. 

10 



MODULE STRUCTURE AND OPERATION 

This program is written in FORTRAN IV extended programming language for 
operation on the CDC 6600 computer and is structured in a single overlay 
within 50,000 octal core locations.    Execution of this module is dependent on 
data calculated in the data management module and the flutter and temperature 
module. 

■ 

Program calculation options and output are controlled by user specifica- 
tions.    Output consists of all load calculations as well as temperature data 
generated in the flutter and tenperature module. 

11 



Section II 

METHODS AND FORMULATIONS 

AIRLOAD COMPUTING MODULE FUNCTIONS 

The objective of the loads module is to determine the design airloads on 
the structural components for use in the structural weight estimation process. 
A second function of this module is the development of wing bending moment 
spectra for fatigue evaluation. 

The methods used to determine loads on the air vehicle structural components 
are sensitive to vehicle weight, center-of-gravity position, design speeds, 
design limit maneuver load factors, and the configuration geometry.    The 
geometry of the lifting surfaces are described in terms of area, aspect ratio, 
taper ratio, sweep angle, and fuselage stations of the leading edges of the 
theoretical root chords  (Figures 1 and 2).    Body geometry is described in 
terms of body nose length, nose volume, maximum equivalent radius, and the 
fuselage station of the nose leading edge. 

Specific load calculating functions are divided into separate routines 
which are called by the load control program BLCNTL.    Methods employed are 
described herein and are presented in the order that subroutines USPAN, BNLDS, 
SPABM, MAXLDS, WHVNET, and FATMG are used. 

Subroutine USPAN calculates the following data for the airplane lifting 
surfaces for specific mach numbers: 

1. Unit airload shear, bending moment, and torsional moment 
distributions 

2. Centers-of-pressure locations for each of the surface airloads 

3. Lift-curve slopes for each of the surfaces 

Subroutine BNLDS calculates the airplane component gross limit airloads 
and their centers of pressure for specific flight conditions. 

Subroutine SPABM calculates the limit airload shear, bending moment, and 
torsion at stations along the load reference line on each of the lifting sur- 
faces for each of the specific flight conditions. 

Subroutine FUSNET organizes the calculated loads data and stores it for 
use by the fuselage weight estimating module. 

12 
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Figure 1. Wing or horizontal tail lifting surface geometry. 
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Subroutine MAXIDS determines the net design loads envelope for each of 
the lifting surfaces. 

Subroutine WHVNET organizes the design loads envelope data, calculates 
normalizing factors, and stores the data for use by the wing and empennage 
weight estimating module. 

Subroutine FATMG calculates the wing bending moment spectra at two wing 
stations for a specified service life and number of landings, using specified 
blocked usage segments and the specified airplane class. 

BASIC FLIOfT CONDITIONS 

TTie airloads on the structural components are determined for a number of 
selected flight conditions to provide a reasonable expectation that the maxi- 
mum component airloads are encompassed. The speed-altitude points and types 
of conditions selected at each point are shown in Figure 3. The types of 
conditions which may produce maximum airloads on each component are as 
follows: 

1. For the wing: 

a. Balanced maneuvers at the specified design limit positive 
maneuver load factor at the specified basic flight design weight 
at speed altitude points 1, 2, 3, 7, and 10 (Figure 3). 

b. Balanced maneuvers at the specified design limit flaps-down 
maneuver load factor at the specified maximum design weight at 
speed-altitude point 8 

c. Balanced maneuvers at the specified design limit negative 
maneuver load factor at the specified basic flight design weight 
at speed-altitude points 4 and 10 

d. The positive and negative vertical gust conditions at the speci- 
fied basic flight design weight at the speed-altitude points 4, 
5, 10, and 11 

2. For the horizontal tail: 

a. The balanced maneuvers of the foregoing items la, lb, and 1c 

b. TTie vertical gust conditions of item Id 

15 
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c. The pitch acceleration conditions at one-half the specified 
design limit positive maneuver load factor at the specified 
pitching acceleration at the basic flight design weight at speed- 
altitude points 1 and 3 

3. Fbr the vertical tail: 

a. The lateral gust conditions at the specified basic flight design 
weight at speed-altitude points 4, 5, 10, and 11 

b. The yaw acceleration conditions at the specified yaw accelera- 
tion at the specified basic flight design weight at the speed- 
altitude points 1 and 3 

4. For the fuselage: 

a. The balance maneuver conditions of the foregoing items la, lb, 
and 1c 

b. The vertical gust conditions of item Id 

c. The pitch acceleration conditions of item 2c 

DETERMINATION OF LIFTING SURFACE UNIT AIRLOADS 

The methods of analysis used to develop the lifting surface unit airload 
distributions, the surface lift curve slopes, and the surface airload centers 
of pressure are presented in the following paragraphs. The unit airloads are 
defined, and the basic data used for the determination of the surface unit 
airloads are also presented. 

The imit  airload shears and moments are determined at 13 selected span- 
wise n stations along the selected load reference line including the root and 
tip stations. The unit airload shear and moments at the surface-body inter- 
face station are determined in the unswept (body axes) system. The overall 
centers-of-pressure locations of the exposed panel and body carryover loads 
are determined with respect to the theoretical surface apex. 

UNIT AIRLOAD SHEAR 

The unit airload shear, USZ or USY, on the surface at any spanwise sta- 
tion, T] t is defined as the integral from ^ to 1.0 of the normalized spanwise 
loading parameter, (C1C/C.C...), where total load on the surface is 1.0, i.e., 

17 



7 te) USZn or lFSYn = /    (^— | dn CD 

and equals 1.0 at station n = 0 

UNIT AIRLOAD BENDING MCMENT 

The unit airload bending moment, IIMX, at any spanwise station, n, is 
defined as the integral of the unit shear, USZ or USY, along the load refer- 
ence axis, i.e.: 

^n " T^TT  ' l]SZ^ & 

i 

'n 

and 

R Jn 

A
RI 

bv  . 
lMXn - ^X7 /  "SY dn (2a) 

n 

where AR is the sweep angle of the load reference line. 

UNIT AIRLOAD TORSIONAL MOMLNT 

The unit airload torsioral moment, UMY or UMZ, about the surface load 
reference line and at any station, i, is defined as the integral of the prod- 
uct of the normalized spanwise loading parameter times the normal distance 
from the load reference line to the local center of pressure, M, i.e.: 

UMYnorlMZr, « -/   | f #_ ^xJ dr, (3) 
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CONVERSION TO DIMENSIONAL VALUES 

The unit airload shears and moments are determined for a 1.0-pound gross 
surface load at selected rj spanwise stations. When the gross surface limit 
airload is known, the conversion to limit shears and moments are determined as 
follows: The n stations are percent of sanispan stations and are converted to 
span stations in inches along the load reference line. Then, the dimensional 
span stations for the wing or horizontal tail is 

YA   =     n(b/2)/cosAR (4) 

and for the vertical tail is 

ZA   =     n(b)/cosAR (5) 

The wing and horizontal tail limit airload shear, Sz, the bending moment, 
MxA, and the toisional moment, My^, at any span stationYAare determined as 
follows where Pzs is the wing or horizontal tail panel limit airload: 

Sz    -   PZSUSZ (6) 

MXA   -   Pzs UMX (7) 

«VA   ■    PZS1IMV f8) 

Similarly for the vertical tail, the limit shear, Sy, bending moment, 
Mx/v» and corsional moment, MZA» at any station, ZA, are detennined as follows 
where PY<, is the vertical tail panel limit airload: 

SY = PYS USY C9) 

"XA = PYS *** ^ 

"lA   " PYS mZ (11) 
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\ 

The limit airload moments, %. My, and Mz, in the unsvwpt (body axes) 
system at the surface-body interface station Ygi (Figure 1) or ZBI (Figure 2) 
are as follows: 

For the wing or horizontal tail 

**    " "XA^R^A^R C12) 

NV ■ ^VA^^R-MXA^^R W 

and for the vertical tail 

MJJ   =   ^ACOsA^N^sinA,^ (12a) 

Mz   «   ^A^sAR-MXAsinAR (13a) 

where the moment MXA, MyA» and MZA are the limit airload moments along the 
load reference line at station Y ■ Y-j/cos A or Z - Zg./cosA . 

BASIC DATA FOR UNIT AIRLOAD DETERMINATION 
i 

LIFTING SURFACE AERODYNAMIC DATA 

The unit airloads for the lifting surface is defined as the shear, bend- 
ing moment, and torsion versus span for a total surface panel airload of 
1 pound. The total surface panel load includes the carryover load on the 
body. The exposed surface load is the load outboard of the body-surface 
interface station. 

The unit airload distributions are developed using precalculated spanwise 
lift distributions from references 1 through 4. These data are tabulated and 
stored in the SWEEP program data bank. 

For subsonic speeds, these data are obtained from Figures 3 and 4 of 
reference 1 and consist of the variation of the spanwise loading parameter, 
(C^C/CLCAV). due to angle of attack and the lift-curve slope parameter, 
(BCLO/K), with the compressible sweep parameter, ABt for various values of the 
aspect-ratio parameter, (BA/K), and taper ratio, X.. The lift distribution due 
to wing flap deflection is obtained {rm Figure 32(c) of reference 2 where the 
spanwise loading parameter, (C£C/CAVCL ), is presented for various percent of 
span flaps. These subsonic data are presented in Tables 1, 2, and 3. 

20 



TABLE 1.    SUBSONIC SPAN LOADING PARAhCTCR, C£C/C C 

n \ BA/K 

c£c/cLcAV 

V00 v150 
V300 v450 AB=60» V750 

0.0 0.0 1.5 1.355 1.340 1.325 1.310 1.300 1.295 
0.0 0.0 2.5 1.405 1.380 1.352 1.322 1.310 1.298 
0.0 0.0 3.5 1.450 1.405 1.372 1.340 1.312 1.301 
0.0 0.0 4.5 1.480 1.430 1.387 1.350 1.314 1.304 
0.0 0.0 6.0 1.520 1.457 1.400 1.355 1.316 1.306 
0.0 0.0 8.0 1.580 1.493 1.420 1.360 1.318 1.308 
0.0 0.0 10.0 1.610 1.520 1.435 1.370 1.320 1.310 

0.0 0.25 1.5 1.307 1.300 1.286 1.265 1.232 1.140 
0.0 0.25 2.5 1.332 1.302 1.278 1.240 1.175 1.070 
0.0 0.25 3.5 1.346 1.305 1.267 1.215 1.135 1.020 
0.0 0.25 4.5 1.360 1.307 1.260 1.200 1.100 1.000 
0.0 0.25 6.0 1.382 1.310 1.250 1.180 1.080 0.970 
0.0 0.25 8.0 1.400 1.312 1.232 1.140 .1.045 0.940 
0.0 0.25 10.0 1.420 1.315 1.220 1.120 1.005 0.880 

0.0 0.50 1.5 1.290 1.280 1.265 1.242 1.183 1.035 
0.0 0.50 2.5 1.291 1.270 1.240 1.185 1.100 0.945 
0.0 0.50 3.5 1.292 1.255 1.200 1.140 1.030 0.860 
0.0 0.50 4.5 1.293 1.240 1.180 1.100 0.970 0.785 
0.0 0.50 6.0 1.296 1.230 1.150 1.050 0.915 0.710 
0.0 0.50 8.0 1.300 1.210 1.120 1.010 0.860 o.i • 
0.0 0.50 10.0 1.305 1.200 1.090 0.950 0.770 0.520 

0.0 1.00 1.5 1.267 1.252 1.225 1.190 1.090 0.890 
0.0 1.00 2.5 1.250 1.212 1.163 1.O90 0.960 0.750 
0.0 1.00 3.5 1.235 1.180 1.107 1.010 0.880 0.700 
0.0 1.00 4.5 1.215 1.145 1.060 0.945 0.805 0.610 
0.0 1.00 6.0 1.185 1.100 1.002 0.885 0.740 0.550 
0.0 1.00 8.0 1.167 1.067 0.945 0.81ü 0.660 0.460 
0.0 1.00 10.0 1.140 1.025 0.892 0.745 0.575 0.350 
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TABLE 1.    SUBSONIC SPAN LOADING PARANETER, CC/C^ (GONT) 

n X BA/K 

c£c/cLcAV 

V00 v150 
V300 V450 V600 v750 

0.383 0.0 1.5 1.220 l.ZO-r 1.200 1.200 1.201 1.210 
0.383 0.0 2.5 1.235 1.220 1.212 1.212 1.215 1.230 
0.383 0.0 3.5 1.240 1.227 1.221 1.225 1.230 1.245 
0.383 0.0 4.5 1.250 1.240 1.232 1.230 1.245 1.260 
0.383 0.0 6.0 1.260 1.257 1.250 1.245 1.250 1.270 
0.383 0.0 8.0 1.270 1.270 1.273 1.275 1.290 1.300 
0.383 0.0 10.0 1.265 1.265 1.265 1.270 1.280 1.295 

0.383 0.25 1.5 1.185 1.180 1.180 1.180 1.175 1.150 
0.383 0.25 2.5 1.185 1.180 1.180 1.180 1.175 1.150 
0.383 0.25 3.5 1.184 1.180 1.180 1.170 1.166 1.135 
0.383 0.25 4.5 1.183 1.180 1.180 1.170 1.166 1.135 
0.383 0.25 6.0 1.182 1.180 1.180 1.165 1.155 1.120 
0.383 0.25 8.0 1.181 1.180 1.180 1.165 1.155 1.120 
0.383 0.25 10.0 1.177 1.176 1.175 1.160 1.150 1.100 

0.383 0.50 1.5 1.180 1.180 1.180 1.175 1.165 1.140 
0.383 0.50 2.5 1.180 1.180 1.175 1.162 1.150 1.112 
0.383 0.50 3.5 1.180 1.170 1.165 1.150 1.140 1.090 
0.383 0.50 4.5 1.170 1.165 1.160 1.145 1.120 1.080 
0.383 0.50 6.0 1.160 1.160 1.155 1.132 1.110 1.055 
0.383 0.50 8.0 1.155 1.155 1.150 1.120 1.090 1.035 
0.383 0.50 10.0 1.145 1.140 1.130 1.105 1.070 1.005 

0.383 1.00 1.5 1.175 1.170 1.170 1.680 1.160 1.135 
0.383 1.00 2.5 1.170 1.165 1.162 1.155 1.135 1.070 
0.383 1.00 3.5 1.165 1.160 1.155 1.142 1.110 1.020 
0.383 1.00 4.5 1.152 1.150 1.145 1.122 1.080 0.970 
0.383 1.00 6.0 1.140 1.140 1.130 1.105 1.045 0.920 
0.383 1.00 8.0 1.120 1.120 1.117 1.080 1.010 0.890 
0.383 1.00 10.0 1.112 1.112 1.098 1.060 0.980 0.845 

22 
■fits-juav 



TABLE 1.    SUBSONIC SPAN LOADING PARAMETER, C£C/C C      (CONT) 

n K BA/K 

C«C/CLCAV 

AB=0» v150 AB=30° v450 AB=60° AB-75« 

0.707 0.0 1.5 0.855 0.862 0.870 0.870 0.870 0.875 
0.707 0.0 2.5 0.825 0.842 0.850 0.860 0.868 0.874 
0.707 0.0 3.5 0.800 0.825 0.840 0.860 0.865 0.872 
0.707 0.0 4.5 0.780 0.805 0.830 0.850 0.860 0.870 
0.707 0.0 6.0 0 750 0.785 0.810 0.840 0.858 0.868 
0.707 0.0 8.0 0.720 0.766 0.800 0.830 0.855 0 867 
0.707 0.Ü 10.0 0.700 0.740 0.775 0.810 0.842 0.865 

0.707 0.25 1.5 0.880 0.890 0.900 0.915 0.935 0.970 
0.707 0.25 2.5 0.875 0.887 0.903 0.920 0.950 0.998 
0.707 0.25 3.5 0.860 0.884 0.907 0.927 0.960 1.010 
0.707 0.25 4.5 0.850 0.880 0.910 0.940 0.990 1.045 
0.707 0.25 6.0 0.840 0.876 0.913 0.950 1.000 1.070 
0.707 0.25 8.0 0.830 0.873 0.917 0.960 1.015 1.090 
0.707 0.25 10.0 0.815 0.870 0.920 0.970 1.030 1.100 

0.707 0.50 1.5 0.890 0.900 0.905 0.920 0.955 1.030 
0.707 0.50 2.5 0.890 0.900 0.922 0.955 1.005 1.085 
0.707 0.50 3.5 0.890 0.910 0.940 0.980 1.030 1.110 
0.707 0.50 4.5 0.890 0.920 0.955 0.995 1.055 1.150 
0.707 0.50 6.0 0.890 0.930 0.970 1.015 1.085 1.185 
0.707 0.50 8.0 0.890 0.935 0.985 1.040 1.110 1.230 
0.707 0.50 10.0 0.890 0.945 1.000 1.070 1.155 1.260 

0.707 1.00 1.5 0.910 0.910 0.920 0.950 1.000 1.130 
0.707 1.00 2.5 0.920 0.940 0.970 1.010 1.090 1.215 
0.707 1.00 3.5 0.935 0.960 0.995 1.055 1.130 1.250 
0.707 1.00 4.5 0.947 0.985 1.030 1.090 1.165 1.285 
0.707 1.00 6.0 0.960 1.005 1.060 1.120 1.200 1.310 
0.707 1.00 8.0 0.980 1.030 1.090 1.160 1.250 1.350 
0.707 1.00 10.0 0.990 1.050 1.115 1.195 1.290 1.400 
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TABLE 1. SUBSONIC SPAN LOADING PARANtHT.R, CJC/C.C.y  (GONCL) 

1 \ BA/K 

c,c/cLcAV 

V00 V150 •V300 v450 v60* v750 

0.924 0.0 1.5 0.390 0.415 0.420 0.438 0.445 0.420 
0.924 0.0 2.5 0.340 0.367 0.390 0.402 0.410 0.400 
0.924 0.0 3.5 0.305 0.340 0.367 0.382 0.395 0.390 
0.924 0.0 4.5 0.285 0.318 0.347 0.365 0.380 0.380 
0.924 0.0 6.0 0.252 0.290 0.320 0.350 0.362 0.360 
0.924 0.0 8.0 0.200 0.245 0.288 0.312 0.340 0.340 
0.924 0.0 10.0 0.207 0.250 0.292 0.316 0.342 0.350 

0.924 0.25 1.5 0.465 0.480 0.485 0.495 0.515 0.600 
0.924 0.25 2.5 0.464 0.483 0.495 0.520 0.570 0.660 
0.924 0.25 3.5 0.462 0.485 0.500 0.540 0.605 0.730 
0.924 0.25 4.5 0.460 0.488 0.510 0.560 0.630 0.750 
0.924 0.25 6.0 0.462 0.490 0.530 0.590 0.675 0.800 
0.924 0.25 8.0 0.464 0.500 0.550 0.625 0.730 0.885 
0.924 0.25 10.0 0.465 0.510 0.565 0.640 0.760 0.935 

0.924 0.50 1.5 0.485 0.490 0.495 0.502 0.535 0.650 
0.924 0.50 2.5 0.485 0.492 0.510 0.550 0.605 0.710 
0.924 0.50 3.5 0.490 0.510 0.545 0.592 0.675 0.820 
0.924 0.50 4.5 0.500 0.530 0.570 0.620 0.710 0.870 
0.924 0.50 6.0 0.515 0.550 0.600 0.665 0.760 0.910 
0.924 0.50 8.0 0.537 0.580 0.640 0.710 0.815 0.960 
0.924 0.50 10.0 0.550 0.610 0.680 0.760 0.870 1.020 

0.924 1.00 1.5 0.500 0.500 0.510 0.530 0.570 0.700 
0.924 1.00 2.5 0.510 0.520 0.550 0.590 0.660 0.855 
0.924 1.00 3.5 0.525 0.553 0.590 0.645 0.745 0.940 
0.924 1.00 4.5 0.550 0.580 0.625 0.690 0.800 0.990 
0.924 1.00 6.0 0.580 0.620 0.680 0.755 0.875 1.070 
0.924 1.00 8.0 0.610 0.665 0.730 0.825 0.960 1.160 
0.924 1.00 10.0 0.642 0.700 0.780 0.885 1.030 1.270 
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TABLE 2.    SUBSONIC LIFT CURVE SLOPE PARANCTER, BC^/K 

X. BA/K 

«IA per degree 

V00 V150 V300 V450 V600 AB-75» 

0.0 1.5 0.0335 0.0342 0.0348 0.0348 0.0315 0.0225 
0.0 2.5 0.0473 0.0484 0.0482 0.0462 0.0395 0.0231 
0.0 3.5 0.0574 0.0584 0.0572 0.0525 0.0425 0.0237 
0.0 4.5 0.0643 0.0650 0.0628 0.0569 0.0453 0.0244 

1  0.0 6.C 0.0720 0.0727 0.0694 0.0615 0.0475 0.0265 
0.0 8.0 0.0787 0.0788 0.0745 0.0645 0.0493 0.0272 
0.0 10.0 0.0847 0.0840 0.0780 0.0670 0.0505 0.0278 

0.25 1.5 0.0348 0.0350 0.0350 0.0350 0.0315 0.0205 
0.25 2.5 0.0498 0.0500 0.0492 0.0465 0.0380 0.0217 
0.25 3.5 0.0600 0.0605 0.0585 0.0527 0.0420 0.0229 
0.25 4.5 0.0676 0.0673 0.0638 0.0568 0.0439 0.0242 
0.25 6.0 0.0760 0.0750 0.0702 0.0610 0.0465 0.0260 
0.25 8.0 0.0828 0.0810 0.0750 0.0647 0.0490 0.0268 
0.25 10.0 0.0880 0.0860 0.0796 0.0677 0.0505 0.0275 

0.50 1.5 0.Q350 0.0350 0.0348 0.0338 0.0300 0.0200 
0.50 2.5 0.0500 0.0500 0.0484 0.0450 0.0370 0.0209 
0.50 3.5 0.0600 0.0598 0.0570 0.0510 0.0400 0.0219 
0.50 4.5 0.0679 0.0669 0.0628 0.0546 0.0418 0.0228 
0.50 6.0 0.0760 0.0740 0.0680 0.0585 0.0440 0.0236 

. 0.50 8.0 0.0830 0.0800 0.0725 0.0615 0.0450 0.0242 
0.50 10.0 0.0878 0.0845 0.0755 0.0630 0.0460 0.0248 

1.00 1.5 0.0347 0.0346 0.0340 0.0322 0.0280 0.0185 
1.00 2.5 0.0485 0.0480 0.0458 0.0415 0.0340 0.0192 
1.00 3.5 0.0582 0.0568 0.0535 0.0475 0.0370 0.0198 
1.00 4.5 0.0650 0.0630 0.0584 0.0505 0.0385 0.0205 
1.00 6.0 0.0730 0.0702 0.0645 0.0545 0.0405 0.0215 
1.00 8.0 0.0795 0.0760 0.0685 0.0575 0.0425 0.0228 
1.00 10.0 0.0840 0.0805 0.0732 0.0615 0.0450 0.0240 
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TABLE 3. FLAP INCRBCNTAL SPAN LOADING PARANCIER, C^C/C^ CAV 

Cf/i laSw 
F-0.1 F=0.2 F=0.3 F=0.4 F=0.5 F-0.6 F-0.7 F-0.8 F-0.9 F-1.0 

0.0 0.520 0.788 0.964 1.068 1,120 1.170 1.232 1.240 1.250 1.240 
0.1 0.410 0.776 0.970 1.052 1.124 1.176 1.230 1.240 1.250 1.240 
0.2 0.216 0.540 0.930 1.008 1.108 1.170 1.200 1.220 1.240 1.220 
0,3 0.164 0.336 0.680 0.920 1.040 1.116 1.115 1.118 1.220 1.208 
0.4 0.120 0.252 0.424 0.604 0.948 1.028 1.088 1.120 1.170 1.172 
0.5 0.084 0.196 0.308 0.400 0.640 0.912 0.990 1.050 1.080 1.092 
0.6 0.052 0.140 0.220 0.304 0.430 0.586 0.852 0.940 0.980 1.000 
0.7 0.040 0.100 0.160 0.212 0.300 0.396 0.600 0.800 0.864 0.900 
0.8 0.040 0.072 0.110 0.150 0.200 0.268 0.350 0.540 0.736 0.768 
0.9 0.032 0.052 0.072 0.096 0.120 0.160 0.200 0.280 0.460 0.588 
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

NOTE F-bF /b 

For the supersonic speed regime, data are obtained from Figures 5, 6, 7, 
and 9 of reference 3 and Figures 5,6,7, and 9 of reference 4 and consists of 
the variation of the spanwise loading parameter, (2r/VQfb), with the sweep 
parameter, Bm, lor various values of the aspect-ratio parameter, BA, and the 
taper ratio, \ .    These data are presented in Table 4. 

The determination of carryover lift reduction due to body-surface inter- 
ference is not within the capability of this program. However, the user may 
input estimated reduction factors for each of the lifting surfaces. These 
reduction factors are applied to the spanwise loading parameter inboard of the 
body-surface interface stati'on. 

Other needed parameters which are stored in the SWEEP program data bank 
are as follows: The variation of the compressible lift-curve slope correction 
factor, B/K, is obtained using the section lift curve slope variation with 
mach number data from Figure 7(b) of reference 5, where 

B/K = ZTT/C, 
'a (14) 

The resulting variation of B/K with mach number is shown in Figure 4. 

The variation of the section center of pressure for the lift due to angle 
of attack, (X/C), is obtained from Figure 22 of reference 6 and is shown in 
Figure 5. 

26 

-■■>^'^ww*£%hi(jteaÄi 



1 

o • 
CM 
i-H 
N 

1 

un o o o K) 
t-- (M o r- ro 
vO LO Ol CM VO 

o o m oo o 
VO CM rH O rH 
r~- o in o m 

o in o o o 
to 00 NO ^t CVJ 
tO »O «M 00 *t 

m m m o CM 
O in IO tO rH 
00 «M O NO to 

M CM iH i-t O CM CM rH i-H O CM iH rH O O rH i-H O O O 

O • 

1 
tO U1 vO O CM 
t^- t-^ t^ w w 
*t to r^ r-i m 

in o o oo m 
O O CM ^- f- 
vO O» ^- O Tf 

o o oo CM m 
t^- 00 00 Cn CT> 
rH in rH t^- tO 

vo o o in o> 
t~- W CTi CT> CT» 
t^- iH oo m CM 

IO CM i-t iH O CM rH i-H ^ O CM rH fH O O i-t rH O O O 

o • 

1 
m o o irt o 
CM «o r- o IO 
Kl CM «O fH lO 

in vo o oo to 
to t-- to oo ^i- 
^t I-- to oo ^■ 

O vO O O 00 
in 1^ rH TJ- vO 
O ^- rH t^- tO 

O rH in NO 00 
NO I-H to in r- 
NO rH 00 in CM 

Ml CM rH iH O CM iH fH O O CM rH rH O O rH rH O O O 

o • 
CM 
| 

O O vO vO LO 
in in »o CM r-i 
o o in o in 

in o in m o 
cr> m to CM rH 
CM vO CM oo «a- 

o CM m vo to 
rH r~- CM 00 «t 
CT> to O vO to 

o o o ^i- oo 
Tt to r- rH in 
in o I-- in CM 

m CM i—i r-i o CM rH rH O O rH i-H rH O O rH rH O O O 

to 
• 

1 
O CM 00 CO <M 
O ^t 00 <M »O 
t^ 00 K5 0> ^• 

m o in oo o 
in oo o to r- 
rH ^t rH t-- tO 

o *i- o in oo 
O CM CM rH O 
W CM CT> vO tO 

•«*■ o o o o 
00 IO Ol NO to 
tO Ol NO ^J- «M 

CM .-H r-l O O CM rH l-H O O rH i-H O O O i-H o o o o 

o • 

1 
o o m o m 
co o c-~ m CM 
in r- CM oo «* 

O CM O O 00 
^t in CM oo to 
o to O vO to 

O Tt O 00 CM 
o to m vo oo 
r- rH oo m CM 

CM o o m CM 
t-- in ^- CM rH 
CM 00 NO ^ CM 

CM pH rH O O CM rH rH O O rH rH O O O rH O O O O 

co • 
o 
II 

vO O O 00 00 
m o to m t-- 
<M in i-i t^ to 

O O CM o o 
rH O O O rH 
00 CM 04 vO to 

o m in to m 
rH o m o m 
in o t^ m CM 

O CM O to 00 
m in t^ t^ oo 
rH 1^ IO tO i-H 

CM rH rH O O rH rH O O O rH i-H O O O rH O O O O 

• 
o 

1 
O O O vO o 
00 »O "«t <M f-t 
00 CM O^ ^O to 

O ^t vO O O 
rH O ^t O» vO 
m o t^ ^ CM 

NO oo in o o 
in CM to i-H o 
CM CO NO «a- CM 

in o oo CM oo 
r-- CM vo o ^t 
o NO n- to i-t 

rH r-( O O O rH i-( O O O rH O O O O o o o o o 

• 
o 

1 
CM m oo m Tj- 
Cn rH O in CM 
to CT» r- ^t <M 

o to in to o 
o in *t in CT> 
rH t^ in tO i-H 

O to CM NO 00 
rH O NO o> to 
O NO ^- CM i-H 

CM 00 oo to o 
tO ^J- tO rH O 
h- »a- to CM I-H 

rH O O O O PH o o o o o o o o o o o o o o 

3 
o o o o o o o o o o o o o o o 

o 
o o o o • 

CM to «a- NO CM 
rH 

CM tO Tf VO CM 
i-H 

CM tO «t NO CM 
rH 

CM to rf vO rH 

.< o o o o o 
in m m in in 
CM CM (M CM CM 

o o o o o 
in m in m in 

o o o o o 
o o o o o 

o o o o o o o o o o o o o o o 

c- o o o o o o o o c o o o o o o o o o o o 

1 o o o o o o o o o o o o o o o o o o o o 

27 



3 
3 

!  ^ u !  rj 

o 
^  • 

CM 

r 
l/J l/l o^ ^ \0 
(M t-- <M «N rH 

|    rH LO «M 00 ^ 

o o <^ o o 
vO CT) <M vO 00 
<M ^t i-H t^- ro 

O O vO o o 
O O r- rH vO 
W ^t O t^ IO 

«N o to o m    1 
t>. IH o> r~- to 
r- to o> <o to    | 

1    CM tH r-t O O «M l-H l-H O O iH rH rH O O iH r-t O O O     • 

o 
1    • 

in 

1 
|    LO O VO \0 O 

1^ vO iH CM (vj 
j    O U> M Ob ^ 

O O «* LO o 
fvj oo rvi vO O» 
rj ^t i-H r- to 

O 00 N 00 LO 
vO 00 vO (N vO 
oo to o t^ to 

vO vo LO o rj 
t-^ w a> oo ^ 
t~- r^ o* vO to 

i    CM ^-t f-t O O «si rH rH O O l-H i-H rH O O l-H l-H O O O       | 

o 
• 

ii 

O O O «N Kl 
o ^H o ro rt 
O tO fM 00 ^t 

o o ^- to to 
00 ^t rH r-- o 
i-H ^t i-H r- Tt 

00 »N i-H O O 
<vj h- vO ^t 00 
oo to o r- to 

00 O vO tM tO      1 
t^- 00 O C^ LO 
t^ rg a» vo to 

rj rH r-( o o <VJ ,-( l-H O O rH rH rH O O iH rH O O O      j 

o 
• 

II 

eg 

O O 00 O <N 
o i—( CTI LO r- 
o m ^i 00 >«t 

r~- o rvj c^ oo 
O «VI rH Ol tO 
i-H TJ- i-H r~- Tf 

r4 «t o to LO 
i-H TJ- VO LO rH 
oo to o t-- «» 

*t tO 00 «^4 LO 
t-^ <o a» I-H oo   s 
t-- rg o% t^ to 

n l-H .—I O O t^J rH l-H O O rH i-H rH O O r-t rH O O O      | 

to 
• 

l-H 
II 

O O 00 00 VO 
o r- vo »o (N 
o ^ i—i oo Lo 

O O O O 00 
O m r-H CJ CTi 
O tO i-H 00 ^t 

i-H 00 O •* 00 
o r^ vo oo r- 
oo to o r- t 

O O LO ^ tt 
^- LO O ^t LO 
i-- n o r- »t    j 

fvi r-t i-H o o <M rH l-H O O i-H rH i-H O O rH rH i-H O O      1 

o 

_; 
II 

o o r- »o o 
O lO ^-1 00 t-- 
o t t-t oo IO 

o o ^- o c^ 
0O t- rH ^t TT 
00 to i-H 00 lO 

»O *t O O vO 
O^ rH r-- rH «M 
r-- to o oo to 

rg oo vo o LO 
CT> xt rH h- O 
vO N o r-~ LO 

rj i-i IH o o rH l-H i-H O O l-H rH l-H O O rH rH i-H O O 

00 

o 
II 

rj o rt vo ^ 
lO vO !-( «* u, 
00 K1 >H 00 to 

lO O «* lO o 
Tt O^ LO O <M 
r~- cvj o oo IO 

O »O LO O i-H 
1--- tO l-H 00 iH 
vO tN O t^ LO 

o o o o r-j    | 
00 t^- vO to 00     i 
LO i-H o r~- ^■ 

i-t i-H r-( O O l-H i-H l-H O O rH rH i-H O O i-H rH O O O 

• 
o 
II 

£ 
VO O LO fM O 
LO ^- l-H 00 CM 
'O r^i O !^- lO 

1- fM O O O 
vO t^- O fM vO 
LO i-H W t~- 'S- 

O O LO O LO 
O i-H rH CT> ^T 
LO i-H O^ VO *t 

LO O LO o o     | 
O to Tf ^f pg 
1- O 00 vO Tt 

l-H i-H rH O O l-H i-H O O O i-H i-H O O O rH rH O O O 

o 
>> 

vO LO o o o 
r- I-H vo »o »t 
to O 00 <o «* 

O O LO LO to 
r-- oo o» t^ to 
c^i o^ r^ LO to 

o lo o rsi o 
«t r-t lO Tt tf 
r~i o^ r~- LO to 

LO lO LO o o 
Tt ra vo o rj 
rH 00 vO LO t^. 

rH l-H O O C i-H o o o o i-H o o o o rH d o d d 

^ 

o o o o o o o o o o o o o o o o o o o o 
rg to ^t \o «N 

iH 
N to <* vo r^ 

i-H 
Cvl to •* vO «v» 

l-H 
csi tö *» d «vi 

•^ i o o o o o 
IO IO m to IO 
«Vl CM Csl fs) N 

o o o o o 
LO LO lO LO lO 

o o o o o 
o o o o o 

o o o o o o o o o o o o o o o 

tr 
to to to to to 
00 00 00 00 oo 
to to to to to 

to :o to to to 
00 00 00 00 00 
to to to fo to 

to to to to to 
00 00 00 00 00 
to to to to to 

to to to to to    { 
00 00 00 00 oo 
to to to to to 

1 o o o o o o o o o o o o o o o d d d d d 

28 

" «»«««WKMUtK 



(NJ 

a I 

1 
fSI 

o • 
IM 

H 

o to oo oo 5 
iH O 00 00 0> 
O t^ lO M rH •  •  •  •  • 
iH O O O O 

to o to to «M 
o on to O to 
O 00 t^ to CM 

•   •  •  •  • 
r-t O O O O 

O O tv 00 00 
rH r^ O t^- 00 
rH 0> 00 lO (M •  •  •  •  • 
rH O O O O 

to to to 00 to 
CM f^ O» vO to 
to O 00 vO to 

•  •  «  •  • 
rH rH O O O 

o • 
in 

i 
O O O N 00 
<N r~- o> o> cr> 
O r^ lO Ki iH 

O O vO 00 to 
vO ^- lO O to 
rH O» t^- m rg 

o oo o to rM 
vO rj IO oo ot 
rH O 00 1A N 

O lO <V| O <M 

•H O O O O r-t O O O O i-t rH O O O rH f-t O O O 

o 

II 

O O ^t O N 
1^ <M tH i-H O 
O 00 »O ^ «M 

to O O O TJ- 
«* r-l o» to *o 
r>j o r- to «M 

tO O (M 00 N 
•tt o o o o 
rg rH O) vo to 

CM VO tO tO tM 
<N OO O O lO 
^t rH O f^ tO 

iH O O O O i-H i-l o o o rH rH O O O rH rH rH O O 

o 
• 

II 

o rj o o tn 
^ o> o m <M 
iH 00 h~ ^- CM 

to O O O f«. 
rsi oo vo ao oo 
tO O 00 f» <N 

o o to ^- o 
«Nl 00 t-- vO to 
tO rH O» vO to 

00 PJ to o to 
^- IO oo r- oo 
^- rj o r-- to 

i-t o o o o rH rH O O O rH rH O O O rH rH rH O O 

K5 • 
t-H 
II 

O O O Csl LO 
to en o o^ o 
«M a» oo "I to 

to o to to O 
O) 00 VO (M Ot 
tO rH O» |-~ tO 

O 00 o VO o 
O vO vO W lO 
^- «M O h- '* 

O O tO 00 O 
00 to 00 00 N 
^ to i-H oc m 

rH o o o o rH rH O O O rH rH rH O O rH rH i-t O O 

o • 
l-t 

1 
O «M O to O 
00 1^- O iH CT> 
•o o a> r- t 

to o to O O 
•O- to ^t (M VO 
^ rj o oo m 

O ^ lO O <M 
l~- VO IO O O 
^ tO rH 00 VO 

fM ^t O O ^t 
rH O lO 00 tO 
lO rt (M O) vO 

iH i-t O O O rH rH rH O O i-H rH rH O O rH rH rH O O 

oo • 
o 

1 
O (M vO O fM 
«M tO l-> O 00 
to o oo r^ ^• 

00 Csl fM ^- O 
<f O rH O Tf 
^t rg O oo m 

o> 00 O O O 
tv. o O «O 00 
^ tO rH CO lO 

O M CO O tO 
«N rH i-t tO i-t 
IO ^t rj o> vo 

r-t rH O O O rH rH rH O O i-H rH rH O O rH rH l-t O O 

• 
o 
II 

O O vO «M O 
^t 00 N O tO 
fsi CTI oo »o »r 

O vO to IS) O 
^- Psl ^- K5 t^- 
rf rH Ol t^ ^^■ 

oo o to o CNJ 
^^ rH O» vO rH 
^- <M O) r- ui 

o to to to to 
O) IO O» rH fM 
^t to O 00 to 

rH O O O O rH i-H O O O i-H rH O O O rH rH rH O O 

• 
o 

1 
O to to o o 
00 to iH to ro 
O 00 1^ Irt to 

o to to vo m 
^t VO 00 oo to 
<M O» t-- lO tO 

O O O lO o 
00 iH O 00 O 
to o oo to ^• 

o to o rg o 
O» «t 00 «M o» 
tO rH 00 vO tO 

t-H o o o o i-H o o o o rH rH O O O rH rH o o o 

3 
o o o o o o o o o o O O O O O o o o o o 

<M to ^t vO «M 
i-t 

rj to ^r vo «M 
rH 

rsi to ^ vo ^ 
rH 

(M tO ^- vo PJ 
r-t 

*. O O O O O 
•  t  •  «  • 

o o o o o 

lO lO to to to 
«N «M rg CM cs» 

•  •  •  •  • 
o o o o o 

to o o o o 
O lO lO to to •  •  •  •  • 
o o o o o 

O O O O O 
O O O O O •  •  •  •  • 

c- 
t~- t-- r- r- r- 
o o o o o 
t^ r~ r- h- t^ 

• • • • • 
o o o o o 

r- r- t^ t-v i^- 
o o o o o 
i^ t-v r- i^. t^ •  •  •  •  • 
o o o o o 

t^. r^ r- r^ t^ 
o o o o o 
t^- i^- t^ I*» r~ 

• • « • • 
o o o o o 

i^ h* t*- r^ t^- 
o o o o o 
t^- r-» r^ t^ t^- 

• • • • • 
o o o o o 

29 



s 
.0 

P 

I 
2^ 

q 

I 1 
! & 

o 

1   » 

O LO o o o 
1^-   O  O  O ui 

1         (vi «w I-H i—i o 

o in r~- o rn 
in o» ^t r-- vo 
«s- tn tn «si r-H 

m oo I-H i-i o 
»t t^ (sj tn eg 
in ^t ^t tn r^ 

(si t^ m o o        i 
IH o> o o r-- 
t^ in m ** «si 

j        o o o o o o o o o c o o o o o d d o d o 

o 
• 

m 
j   ii 

O U-) o o o 
{^   O  O  O  irt 
«VI   fM   r-t  rH  O 

0 »t o o t-- 
01 fsl  »O  00  vO 
TT Tt tn «vi ^-i 

in o o in oo 
oo i—i m m «si 
m in ^ tn «si 

^r o o o in 
«* to ^t to 00         | 
t-- vo in *» (si        j 

o o d d o o o o o o o o o o o d d d d d 

o 
• 

1     II 
o i« o oo r- 
r- o vo o i/i 
«si   (Sj  rH  rH  O 

tn *r o m (N 
tn vo o o r-- 
in ^t ^r tn i-s 

^t ^s- in tn ^t 
sO   vO  00  00  «t 
>c in ^t tn «si 

in m ^t o o 
o oo oo i--- i-i         ! 
oo O in «* to         | 

i        o o o o o o o o o o o o o o o d o d d d 

O 

II 

& 

O  O  O 0C  o 
O  ro 00  i-l vO 
hO   «N|   r-l   rH   O 

d d d d d 

in vo o o o 
tn to in ^- CTI 
vo in 1- tn rt 

o o o o c 

oo o o <vi m 
in Tj- m ^t h~ 
r^ \o in ^- «si 

•    •    •    •    • 
o o o o o 

«si in o o (VJ         i 
(si ^ r- ^t m 
oo i^- »o in to 
*****         1 

o o o o o 

• 
II 

Irt  O  vO 00  o 
<V|    «SJ    Tt    LO   00 
«*  fl «vj  i—I o 

in «si tn o m 
(si o^ tn o> m 
r-   vO  vO  t   (V4 

o to o o in 
CT>  O   vO  CT>  t^- 
r- r-~ so m to 

in m oo o o         | 
«M r- tt o o         s 
oo r~ t^ t-- in 

o o o o o c o o o o o o c c~ o d d d d d        j 

o 

II 

00   O  O   O  LO 
c vc oo a> t--- 
t-- m «t to «N 

o o o o m 
\o tn «VJ o o 
r-~ r- r- t-- m 

o o in o in 
O O to iH to 
00  1-    t--  1^  \o 

o m o o o 
^f   0>   O   »»   l-H 
oo t-- h- t- r^         j 

o o o o o o o o o o o o o o o O O  O O  O            ! 

oo • 
o 
II 1 

vo \0 o r- in 
cr. to oo « t 
so m «* K5 ^ 

o c «VJ so m 
oo r    in i-i o 
t-- r- r-- i^- t 

to o in o in 
o oo in to i-t 
oo r- r- is. vo 

o m o o o        ! 
^- a» vo «<t ^-t 
00  t^-   t--  I--   t^- 

o o o o o o o o o o o o o o o d d o d d 

O 
II 

«si «si n- m \o 
in m \o t--- m 
vo m ^r to m 

^t o o o m 
CTi  CTi  00  t--   «*■ 
r- r- i-- vo ^t 

in in in o o 
o oo vo ^t in 
oo r- r- i^ m 

o in o o o        i 
*t  O»   vO t   i-l 
oo r-- h- t^ r^- 

o o o o o o o o o o o c o o o d o d d d        j 

II    1 

vo in rj o «si 
cr. CT> tn ^-i o 
in «r ^t tn ^4 

o c o m o 
i-i o CTi in m 
oo oo r- in tn 

in in in o o 
O 00 NO «^ to 
oo r-r-  r- ^t 

o in o o o        ! 
•t a» vo ^t I-I 
00  1^   1^  t--   1^ 

o o o o o o o o o o o o o o o d d d d d 

^ 

o o o o o o o o o o o o o o o o o o o o 
«-j tn ^t vo «sä (VJ tn «s- vo «vj rj to ^r >o M (v> to  ^t vO f^ 

i-l 

x i o o o o o 
in in in in in 
fS)   (S|   (S|   (S|   «S| 

o o o o o 
in in in in in 

o o o o o 
o o o o o 

o o o o o o o o o o o o o o o 

tr 
t ^t «* »* <* 
«si rsi «si «si «si 
CT>  O  CT>  CT>  O^ 

^t    ^t    Tf    ^t    Tf 
f^J   (S|   (S|   (S|   (SJ 
CT»  CTl  O  CT>  O^ 

^t «* •* t t 
(SI   rsi   «SI   fSI   (SJ 
O  CT»  O  W  CT> 

in ^t ^t Tj- ^t 
(SI   <sj   (S|   «SI   fS| 
CTl  C»   CT>  Ov  CT> 

O  O  O  O  O O   O  O  O   O O  O   O  O  O d d d d d 

30 



4-> 

s 

«4-1 

s 
•H 

E 
8 

& 
l-H 
w 

4-> 

g 

I 
O 

4-1 
OS 

•H 

I 

a. 

31 



i 
o 

■p 

u 
(L» 

O 

4-> 

• H 

IT) 

I 
•H 

32 
MMMMMMMH 



The variation of the section center of pressure for the lift due to wing 
flap deflection, (X/C)F, is obtained fron references 7, 8, and 9 and is shown 
in Figure 6. 

LIFTING SURFACE GEOMETRY 

The lifting surface geometry used is based on the theoretical 
(trapezoidal) platform as shown in Figure 1 for the wing or horizontal tail. 
The  span stations Ypj and YCQ for the inboard and outboard ends of the wing 
flap apply to the wing only. 

Figure 2 shows the vertical tail geometry used in the determination of 
the unit airload data. For the conventional (non-T-type) empennage with the 
horizontal tail mounted on the body, the dimension Zgj is measured from the 
2 station of horizontal tail root to the top of the body. For the T-type 
empennage, the dimension Zßi is measured from the center of the body to the 
top of the body. 

WING AND HORIZONTAL TAIL »NIT AIRLOAD DISTRIBimONS 

The following methods for the determination of airload shear and moments 
versus span and the centers of pressure of the exposed panel and body carry- 
over loads are applicable to the wing and horizontal tail. 

UNIT AIRLOAD SHEAR IXIE TO ANGLE OF ATTACK, SUBSONIC 

a/2 
Calculate B = I 1 - NTj (15) 

Calculate AD = Arctan 
D 

/tmA0.2Sc\ 

{lK-i(Ki)l} = Arctan < =r tan A 

Interpolate the B/K versus M data bank data of Figure 4 to obtain B/K 
for the given Mach number. 

Calculate M/K = A(B/K) (16a) 
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Figure 6.   Variation of flap lift effectiveness, K^p, and flap lift center- 
of-pressure,  (X/Qp, with flap chord ratio, Cp/C^ 
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Using BA/K, Aß, and X, interpolate the subsonic CCJC/CLCAV) data bank 
data of Table 1 to obtain (C|C/CLCAV) values at the selected n stations. 
Carryover lift reduction factor (K^) is obtained from the input lata set. 
This factor defines a transition in the spanwise loading parameter at the side 
of body station (TIBJ). Should the input value be zero, the program default 
assumes an undisturbed spanwise loading parameter (Kco * 1.0). 

The normalized spanwise loading parameter at the TJ stations at and out- 
board of the side of body is defined by equation 17. Normalized spanwise 
loading parameter at and inboard of the side of body is defined by 
equation 17a. 

CJC V 
CLCAV| 

^'BI 

co 
/ 

n=o 

r}^ 
HI CC 

hC 
AV> 

dri (17) 

C^C 

CLCAV 

1 

rj=Tj 
BI 

drj 

+ K  / 

r}=0 

CLCAV> 
(17a) 
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lo^i^"3110"8      and .17a define ^ values for ^ nomalized spanwise 
l^Tran,e.ter atthe Side 0f ^^ Stati0n-    ^se values arJTedls 
oTTe ^T T^Ztlng l0ad.within fP^^ in^diately outboard or i^oard 
is äen ^ ^^^^^    ^ ^t »irtoad shear due to angle attack 

USZA 
CIS) 

to obtain8^; fV' ~kl interpolate (BC^K) data bank data of Table 2 
to oDtdin the lift-curve slope parameter,  (BCiVKl      lift rnrw cinn« 
adjusted for carry-over lift auction is ken^ca^ulateJ by^^'^. 

57.3 (BCjg/K) 
CLa (B/K) (19) 

per radian 
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UNIT AIRLOAD SHEAR DUE TO ANGLE OF ATTACK, SUPERSONIC 

Calculate     B   =  f M2 - lj (20) 

Bm    =    B cot AE (21) 

BA   =    B  • A 

Using BA, Bm, and X ,  interpolate the (2r/VQfb) data bank data of Table 4 
to obtain the [2r/\'ah) values at the selected rj stations.    Carryover lift 
reduction factor (K   )  is used in the same manner as for subsonic flight. 

CO 

■ * 

Calculate C^A   - /        (^) dr,   ♦    K^   f    ' BI Qdr, (22) 

Calculate CI      =   A(C^/A), per radian (23) 

The normalized spanwise loading parameter at and outboard of the side of 
body is defined by equation 24 and, for TJ stations at and inboard of the side 
of body, by equation 25. 

cic \    _ JL /in nA, 
L AV/ TJ La 

!V]    =    A    K     (2r. 
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Calculate the unit airload shear due to angle of attack as follows: 

USZAr!   • 
in      VCLÜ 

dn (26) 

UNIT AIRLOAD SHEAR DUE TO WING FLAP DEFLECTION 

Calculate cvb) = .p C/Cb/Z) 

(bFI/b)    -   YFI/Cb/2) 

(27) 

(28) 

Interpolate the (CfC/CidC/w) data bank data of Table 3 to obtain the 
(C£C/CL0C^Y) values at the selected n values for the (bpo/b) and (bpj/b) wing 
flap span ratios. 

Calculate the flap span normalizing parameter, K__, as follows: 

Sr /"   [pf  ) (C'C ) 
1   'BI 

+    K 

»?=rj 
BI 

\CLaAV/,     ,. \CLQtCAV/ 
bFO/b bFI/b 

»?=0 

dTI (29) 
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of th?eü0r,n?1uZf sp£Tise loaciin8 Parameter at», stations at and outboard 
?nhn    H    f ^   b0^ 1S. ?*? t**1*** by eqUati0n 30 ™d' for * nations at and inboard of the side of body, by equation 30a. 

DF0/D bFi/b 

VVAV/, "BF       \CLaCAV>/b     ..        WAV/     /K 
L DP0/b bFI/b 

(30) 

(30a) 

The unit airload shear, USZF^ , due to wing flap deflection is then 
obtained as follows: 

USZF, 
I    (CLÄv) 

dri (31) 
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UNIT AIRLOAD BENDING MOMENTS 

The unit bending moments due to angle of attach and due to wing flap 
deflection are obtained as follows, using equation 2; 

;AR   in 
UMXAn   =   r—^     I       USZA dn (32) 

"        2 cosAn    / R   Jr\ 

iAR   k 
UMXFn    =    -    " /       USZFdn (33) 

UNIT AIRLOAD TORSIONAL MOMENTS 

Ihe unit torsional moment about the load reference line for the lift 
due to angle of attack is determined as follows, using equation 3: 

i,   kw-, 
where 

W,YAi "      /_    [cTZh ^^ (34, 

/CJCN 
lp~P—j      is obtained from equations 17 or 17a for subsonic speeds 
v L AV/^     and from equations 24 or 25 for supersonic speeds. 

AXAn is t^e normal distance from the load reference line to 
the local center of pressure at station r\, and is posi- 
tive when center of pressure is aft of load reference 
line. 

AXA is determined as follows: Aq 

when r\ > n RT: BI 

AXAn   =   CAn KVCA)cp "  CXA/CA)R] (35) 
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where 

[1 -n   (1 -K1] ^R
cosAR 

(36) -An       1 - KA [1 - (VC)R - (xA/cA)R] 

KA - KH^)CsinARC05v w 

^A/CA\   '    CX/C)R{l  - KA[1 -  CVC)R]| (38) 

fWcP =    ^^CPI1 " KA[1  "  (X/C)CP]} (39) 

(X/C)R   is the given value of X/C for the load reference line. 

(X/Q-p   is the section center of pressure for the lift due to 
angle of attack, X/C, and is obtained by interpolation of the 
(X/C) versus mach number data bank data of Figure 5. 

when r\ > n «T :    the center of pressure is assumed to be at a constant fuselage 
station equal to the center-of-pressure location at the body side.    Then, 

AXAn   *  ^ + ^BI  - n) (I) SinAR C40) 

The unit torsional moment about the load reference line for the lift due 
to wing flap deflection is determined as follows, using equation 3: 

{O "^ UWF   -    -      I       [pr-r-]   AXAdT, (41) 

where 

VCLaCAv/ 
is obtained from equations 30 or 30a andAX^is 
detennined using equations 35 through 39 except that 
(X/C)cp is obtained from interpolation of the  (X/C)p 
versus (Cp/GJ data bank data of Figure 6. 
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GROSS SURFACE UNIT AIRLOADS 

The values of the unit shears and moments at the surface's theoretical 
root station, n= 0, corresponds to the total surface values per side. The 
values of the unit shears and moments at the side of the body station, 
1 = TBI» corresponds to the exposed surface values per side. The values for 
the carry-over on the body are equal to the total surface values minus the 
values at the body side. The symbol S is used for the total surface values, 
SCB) is used for the exposed surface values, and ECS) is used for the carry- 
over values. The values of unit loads and moments are as follows. 

• For lift due to angle-of-attack: 

USZAS ■ 1.0 ■ Unit airload on total surface per side. Equal to 
USZA from equation 18 or 26 for n = 0. 

USZA(SOB) ■ Unit airload on exposed surface per side. Equal to 
USZA from equation 18 or 26 for i ■ nRT. 

USZABCS) = Unit carry-over airload on body per side 

= 1 - (USZACSOB)) C42) 

UMXAS ■ Unit airload bending moment at n = 0. Equal to 
UMXA from equation 32 for TJ = 0. 

UMXAS(B) • Unit airload bending moment at n = iBI« Equal to 
UMXA from equation 32 for n = HBI* 

UMYAS = Unit airload torsional moment per side at n « 0. 
Equal to UMYA from equation 34 at n = 0. 

UMVASCB) = Unit airload torsional moment at n = ngj. Equal 
to UMYA fron equation 34 at 1 " 'IBJ. 

UMXACSOB) = Exposed panel unit rolling moment at the side of 
the body. 

= CUMXASCB)) cosAR + CUMYAS(B)) sinAR. (43) 
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IMTACSOB) » Exposed panel unit pitching moment (per side) at 
the intersection of the load reference line and 
the side of the body station YBI. 

- (IMYASCB)) cosAR - (UMXAS(B)) sinAR (44) 

• For lift due to wing flap deflection: 

USZFS ■ 1.0 ■ Unit airload on total surface per side. Equal to 
USZF from equation 31 for n « 0. 

USZF(SOB) ■ Unit airload on exposed surface per side. Equal 
to USZF from equation 31 for n " Tur 

USZFB(S) ■ Unit carry-over airload on body per side. 

• 1 - (USZF(SOB)) (45) 

UMXFS ■ Unit airload bending moment at n = 0. Equal to 
LMXF from equation 33 for n ■ 0. 

UMXFS(B) ■ Unit airload bending moment at i « HBI* Fq^l to 
UMXF from equation 33 for H ■ igj. 

UMYFS « Unit airload torsional moment at ns 0. Equal to 
IMF from equation 41 for n* 0. 

IWYFS(B) « Unit airload torsional moment at n = »iBj. Equal to 
UMYF from equation 41 for n • r\ 

UMXF (SOB) » Exposed panel unit rolling moment at side of the 
body 

- (UMXFS(B)) cos AR + (UMYFS(B)) sin AR (46) 

UMYF (SOB) = Exposed panel unit pitching moment (per side) at 
the intersection of the load reference line and 
the side of the body station, Ygj. 

» (UMYFS(B)) cosAR -  (UMXFS(B)) sin AR (47) 

NOTE For the horizontal tail, only the lift due to angle-of-at tack 
data is computed. 
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GROSS SURFACE CENTERS OF PRESSURE 

The surface unit airload centers of pressure are Y_andAX, where 7 is the 
normal distance outboard of the plane of symmetry and AX is the distance aft 
of the surface apex. Subscripts S, SCB), and BfS) denote total surface, 
exposed surface, and surface carry-over, respectively. Subscripts A and F 
denote anßle-of-attack and flap effects, respectively. 

• For lift due to angle of attack: 

Y^g = (UMXAS) cos AR + (WAS) sin AR (48) 

*AS(B) 
= YBI + flJMXACSOB))/CUSZA(SOB)) (49) 

R (?)   "   [riJMYAS') cosAR -  (UMXAS) sinARl (50) 
R 

AXAS   '   C 

AXAS(B)    =    S) (f)   * YBI tanAR "  flwVAtSOB))/(USZA(SOB)) (51) 
K 

A\B(S)    =    rA\s '^(B)   ^S^f808))] •*•   C1 -  CUSZA(SOB))]    (52) 

• For lift due to wing flap deflection: 

YFS    =    (UMXFS) cos AR + (LMYFS)  sin AR (55) 
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• 

YFS(B) ' YBI + ClWXF(SOB))/(USZF(SOB)) (54) 

AXFS " ^ (g) ' [(lMrFS) COSAR " (»«FS) sinAR]       (55) 

A^FS(B) ' ^(f) + YBI 
tanAR - (uMyF(sOB))/(USZF(SOB))     (56) 

AXpg^ -  [AXpg -AXFS(.B) (USZF(SOB))] -j- [1 - (USZF(SOB))]   (57) 

NOTE For the horizontal tail, only the lift due to angle-of-at tack 
centers of pressure ai*e computed. 

VERTICAL TAIL UNIT AIRLOAD DISTRIBUTIONS 

Vertical tail unit airload distributions are determined for two basic 
types of surfaces: 

1. The conventional (non-T-type) surface 

2. The T-type vertical tail surface 

CONVENTIONAL (NON-T-TYPE) VERTICAL TAIL UNIT AIRIXmS 

The method used to determine the unit airload data is the same as that 
used for the lift due to angle of attack for the wing or horizontal tail, 
except an effective aspect ratio is used and the surface is considered in 
the X-Z plane. 

The effective aspect ratio for the surface is considered to be twice the 
geometric aspect ratio (this arbitrarily assumes that the horizontal tail or 
body serves as a reflection plane), i.e.: 

AE - 2A, - 2^) (58) 
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The unit airload shear at the selected r\ stations and the surface lift 
curve slope are determined using equations 15 through 19 for the subsonic 
case and equations 20 through 26 for the supersonic case, with Ag used in 
place of A. The unit shear at the selected n stations is then, 

"SYVn -    /   I^TT-I dn (59) 

The unit airload bending moment is determined at the selected stations 
as follows: 

R     ■'n 
UMXVn   «   ■^r       / CUSYV) dn (60) 

The unit airload torsional moment is determined at the selected stations 
as follows; 

Jn     ViSvv/ 
UMZVr,   =    -        /       (rr-1 AXAdn (61) 

where AX   is determined using equations 34 through 39 and the previously 
determined (CAC/CiCxy)  from equations 17 or 17a for subsonic speed and equa- 
tions 24 or 25 for supersonic speeds. 

T-TYPE VERTICAL TAIL UNIT AIRLOADS 

The methods used to determine the unit airload data for the T-type verti- 
cal tail is the same as that used for the conventional vertical tail, except 
that the spanwise loading parameter is arbitrarily adjusted to account for 
the end-plate effect of the horizontal tail.   This is accomplished by assum- 
ing that the vertical tail tip station ny * 1.0 is at 0.707 of span for the 
precalculated span load data in Tables 1 and 4. 
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GROSS SURFACE UNIT AIRLOADS AND CENTERS OF PRESSURE 

The value of the unit shears and moments at the surface's theoretical root 
station, 1-0, corresponds to the total surface unit values. The values at 
the body mold-line station, 1 » HBI, correspond to the exposed surface total 
unit values. The symbol VT is used for the total surface values, and V(B) is 
used for the exposed surface values. The value of unit loads are as follows: 

USYVT « 1.0 * Unit airload an total surface. Equal to the value of 
USYV from equation 59 at n « 0. 

USYV(SOB) ■ Unit airload on exposed surface. Equal to the value 
of USYV from equation 59 at n ■ nBI. 

UMXVT = Unit airload bending moment at n = 0. Equal to the 
value of IWXV from equation 60 at n = 0. 

UMXV(B) ■ Unit airload bending moment at body mold line. 
Equal to the value of UMXV from equation 60 at 
i = n 

UMZVT = Unit airload torsional moment at n " 0. Equal to 
the value of UMZV from equation 61 at n « 0. 

UMZVfB) ■ Unit airload torsional moment at the body mold line. 
Equal to the value of UMZV from equation 61 at 

^Br 

UMXV(SOB) = Exposed panel unit rolling moment at the body mold 
line station Zgj. 

- UMXV(B) • COSAR + LMZVCB) • sinAR (62) 

UMZV (SOB) ■ Exposed panel unit yawing moment at the intersection 
of the load reference line and the body mold line 
station, ^gj. 

= UMZV(B) • cosAR - UMXV(B) * sinAR (63) 

The center of pressure of the vertical tail unit airload on the total 
surface is located at: 

Z^ = UMXVT • cosAR + UMZVT • sinAR (64) 

'V - S ©R 
[UMZVT • cos AR - UMXVT ' sin A ] (65) 
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where Zyp is the distance above the vertical tail theoretical root chord, and 
AXyj is the distance aft of the theoretical apex. 

DETERMINATION OF LIMIT AIRLOADS ON COMPONENTS 

The gross limit airloads on the airplane components and airplane inertia 
factors are determined for the following specific types of flight conditions: 

1. Balanced maneuver at positive limit load factor 

2. Balanced maneuver at negative limit load factor 

3. Positive 50 fps vertical gust at Nl. 

4. Negative 50 fps vertical gust at R. 

5. Lateral 50 fps gust at M, 

6. Pitching acceleration at 0.5 maximun positive limit load factor 
at ML 

7. Arbitrary yawing acceleration at Mj^ 

8. Flaps-down balanced maneuver at maximum limit positive flaps-down 
load factor at Vp 

9. Flaps-down 1.0 g trim for landing approach at 1.2 Vs, 

The design limit load factors, pitching and yawing accelerations, gross 
weights, center-of-gravity positions, speed-altitude combinations, and 
geometric data are considered as input data.    (Refer to Table 23.) 

BALANCED MANEUVER CONDITION 

The balanced maneuver condition is a flight condition in which the 
aircraft is trimmed (balanced) at a specific load factor.    The following 
procedures are used to determine the limit airloads on the wing, body, and 
empennage.   The incremental airloads due to wing flap extension are deter- 
mined only for the subsonic flaps-down conditions. 

The wing lift is composed of the lift due to angle of attack and the 
incremental lift due to wing flap deflection, i.e.: 

CLW   =    CLWA+ACLF ^ 

48 



The wing lift is initially estimated to be 

m Cim   -    LI   l^Vl (67) 

where nz is the lirait load factor specified for the condition. 

The incremental wing lift due to wing flap deflection is initially 
estimated to be: 

\57.3 / KCF hi ACLFO   =   ISTTT J KCF 'SF CLaW C68) 

v^iere 

.p   =   flap deflection in degrees 

K_F   =    CdCT/d6p)/fdC,/doi) and is obtained by interpolation the 
KQP versus Cp/C data bank data of Figure 6 which is 
obtained from Figure 21 of reference 10. 

ICp is obtained from equation 29. 

C. „ is obtained from equation 19 or 23. 

The initially estimated wing lift due to angle of attack is then 

CLWAO    *    CLWO ' ACLFO ^69) 

and angle of attack is estimated to be: 

*0   -   WCLoW ™ 

The initially estimated airplane component limit loads for a trimmed 
condition are then determined as follows. 
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P-™   ■   body nose load 

=    »0 2ITR^ q/144 (71) 

=    0.043633 ft
0 R^ q C72) 

.Acre Rfl ■ maximum nose radius (in.)«    Equation 71 is the same as equation 3 
of reference 11. 

The exposed wing limit airloads due to angle of attack and due to flap 
deflection are: 

PZW(B)A0   =    f"SZA(S0B)) C^ q ^ (73) 

PZW(B)F0   =    aJSZF(SOB)) ACLF0 q ^ (74) 

The wing carry-over limit airloads on the body are: 

PZBfK)AO   "    mSZABflVT Ct«AO " ** (75' 

PZBmrO   =    n'SZFBfW))ACIro,l% (76) 

r 

where USZAB(W) and USZFB(W) are obtained from equations 42 and 45. 

The balancing horizontal tail  (or canard) limit airload is then, 

PZH0   3    [fXrG " V  PZN0 +  CXCG " XW(B)A)  P2W(HJA0 

(XCG ' \(B)F^  PZW(B)F0 +  fXCG ' XB(W)A^  PZB(W)A0 

+  (XCG " ^(l^F^ZBWFO1   +   [^ ' \d (77) 

50 



where 

\(B)A   =    ^VE +A
VB)A C79) 

VB)F   
=   ^VP +A

VB)F C80) 

^B(W)A   =   ^ +   h(mA (81) 

^B(W)F  =  ^vr-: +AX
BOV)F (82) 

\   '   *}W***h C83) 

Xn = Fuselage station at body nose, in. 

£., = Nose length, in. 

V = Nose volume, cu in. 

)C = Fuselage station of wing apex, in. 

X.-, = Fuselage station of horizontal tail apex, in. 

A\rB)A'AVB)F'AW)A'A*BrW)F ^ **H *** fTm ^UationS  51' 56' 52' 57' 
and 50, respectively. 

The term, 

N  < 

is the distance aft of the body nose to the center of pressure of the body 
nose load and is the same as equation 33 of reference 11. 
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The total airplane normal airload for the initially estimated condition 
is equal to the sum cf the component loads 

p       »v^p      «p      +p +p 
ZAD        2*rZ0 ZNO       ZW(B)A       ZW(B)F 

+ PZB(W)A + PZBCW)F + PZH0 f84) 

The final conponent airloads for the balanced maneuver condition are 
then equal to the initially estimated airloads multiplied by the ratio of the 
required airload, N2W, to the estimated total airload, PI^Q- 

Let 

then 

N W 
Kz • TT- (85) 

PZW(B)A S KZ ' PZW(B)A0 (86) 

ZW(B)F ^Z rZW(B)FO K    ' 

PZB(W) " KZ (PZB(W)AO + PZB(W)F0)                       C88) 

PZH = h '  PZHO C89) 

P   = K • P f90") ZN    ^Z   ZNO ^    } 

P   u ■ P     + P f911 ZW(B)     ZW(B)A   ZW(B)F ^    } 

hm 
I  VBJA ' PZW(B)A * VB)F ' PZW(B)F \ ^2) 

\ PZW(B) / 

7    _ [hwA '  PZB(W)A +  VjQF ' PZB(W)F | 

ZB(W) 
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VB) 
/YB(W)A ' PZW(B)A + VB)F ' PZWCB)F\ (94) 

V PZWCB) ' 

YwrB1A an^ YWfR1F are obtained from equations 49 and 54 

where Y     is from equation 48 

Q   = 0 

R   =    0 

NY    =    0 

NOTE    For conditions where the wing flaps are not extended, 6p = 0, the lift 
due to wing flap deflection is zero.   TTierefore, the flap deflection 
effects in equations 66, 68, 69, 74, 75, 76, 84, 87, 88, 91, 92, 93, 
and 94 are all zero. 

PITCHING ACCELERATION CONDITION 

The pitching acceleration condition is an arbitrary condition where a 
specified value of pitching acceleration is caused by an incremental hori- 
zontal tail load and is superimposed on a balanced maneuver condition such 
that the resulting normal load factor is one-half the design limit positive 
maneuver load factor. 

The incremental horizontal tail load required to produce the specified 
pitching acceleration, Q, is: 

*Pm   -    ■ 12 1-3 : | (96) 

where 

2 
I     =   Airplane pitching moment of inertia, slug ft 

\ is determined by equation 83 
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The initially estimated component loads for the balanced maneuver part 
are determined in a manner similar to equations 67 through 84 except that 
the wing flap deflection effects are zero. 

N AP 

2 ^ZM       W (97) 

N 
ZM 

N AP ZL ZH 
2    '    W 

(98) 

1.1 N^ W 

TWO qs, w 
(99) 

^O    '    CLWO/CLäW 
(100) 

PZNO   "    0.043633 a0^q 

PZW(B)0    =    CUSZA(SOB))  C^ q Sw 

PZB(W)0    '    W™™) CLm q Sw 

(101) 

(102) 

(103) 

PZHO    '    I (XCG ' V PZNO + (XCG " XW(B)A) PZW(B)0 

+ (XCG " XB(W)A)  PZB(W)0 * [)(H ' XCG] (104) 

where X^,, ^c«-)»» ^rwiA an^ \i are d6^1™11^ using equation 78, 79, 81, and 
83, respectively. 

P       =rp+p +P +P1 ZAO l ZNO       ZW(B)0      rZB(W)0        ZHOJ (105) 
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The final component airloads for the pitching acceleration condition 
are determined as follows: 

Let 

then. 

N7MW 

Kz    »   -~L- (106) 
1 V7M) 

PZW(B)    =    KZ  * PZW(B)0 (107:) 

PZB(W)    =    KZ  * PZB(W)0 (:i08) 

(109) 

(110) 

(HI) 

(112) 

(113) 

(114) 

?m  ■ ^•'ZHO^ZH 

"a " VZNO 

VB) "WCBJA 

*BOT ^(W)A 

YW(B) YW(B)A 

7H   ' 7HA 

"Y 

K 

VERTICAL GUST CIONDITION 

The vertical gust condition consists of a ±50 fps vertical gust encoun- 
ter superimposed on a 1.0 g trim condition. 
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Hie incremental component airload due to a vertical gust of 50 fps is 
determined as follows: 

Vc    =    (295 q)1/2    KEAS (115) 
h 

the airplane mass ratio is, 

2  (W/SJ 
M = 

'* CAV CUM 

= 
,vbw 

f 

K-1  '4^ 
■ 

and the alleviation factor is, 

when M < 1.0: 

■ 

■ when M > 1.0: 

ü.88ji 

5.3 +H 

• 

Kg   " 

^1.03 

6.95 + ^
03 

(116) 

(117) 

(118) 

(119) 

the incremental angle of attack due to gust is assumed to act on the aircraft 
and is, 

Aag    =    U^/Vj,    '    50/(1.68894 Vg) (120) 

=    29.604367/Vc (121) c 
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The body nose incremental airload is determined using equation 72 and is 

AP^   -    0.043633 A»g R^ q (122) 

-    0.0043788 Rj^ VE (123) 

228.37535 (124) 

The exposed wing incremental airload is 

APZW(B)    "  A*8 Kg (CU|W)(USZA(SOB)) q ^ (125) 

-    0.100354 Kg (C^) (USZA(SOB) Sw V (126) 

The wing carry-over incremental airload on the body is 

APZB(W)    "    0-100354 Kg (C^w)(l  - USZA(SOB)) SWVE (127) 

The incremental airload on the horizontal tail is 

APm   '   0.100354 Kg (CIAH) SH Vg (128) 

The incremental airplane load factor is, 

Anz   -    i**m**>mh) +AP2B(W) +APZH) f W (129) 
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The airplane pitching acceleration is 

Q    =     ^XCG "  V APLN * (XCG ' VB)^ AP 
ZWCB) 

^
X

CG - W AP
:B(W) * (X

CG " V AP
ZH1 

+ 12 ^ (130) 

where X values are from equations ■?8, 79, 81, and 83. 

Hie component airloads for the 1.0 g trim condition are determined using 
equations ot) through 9S, where N- ■ 1.0 and the flap effects are zero. 

Component airloads for the gust conditions are then equal to the airloads 
for the 1.0 g trim condition plus or minus the incremental gust airload, 
i.e.: 

P ♦ AP 
:(N>-1.0)       ZCGUST) (131) 

for positive vertical gust use ♦ AP_ and * AN, 

for negative vertical gust use -AP- and -AN„ 

P       =    P i AP 
IN ZNf.W.Ol     " ZN 

P =    P i AP 
ZK(B) ZU(B)(.\=1.0) ZW(B) 

P =     P 1 AP 
ZB (W) ZB(U)(N-1.0) ZB (W) 

P        =    P tAP 
ZH ZH(N=1.0) ZH 

1.0 tAN. 

(132) 

(133) 

(134) 

(135) 

(136) 

R   =    0 
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LATERAL GUST OONDITION 

The lateral gust condition consists of a 50 fps lateral gust encounter 
superimposed on a 1.0 g trim condition. 

The lateral gust encounter is assumed to produce a side load on the body 
nose and on the gross vertical tail area.    These loads are determined as fol- 
lows.    The sideslip angle due to lateral gust, ßg, is assumed to act on the 
aircraft is determined using equation 121 

ßg    •    29.604367/VE (137) 

The side load on the nose is determined using equation 123 as follows: 

P^    »    0.0043788 R^ VE (138) 

The side load on the vertical tail is determined using equation 128 with 
Kg » 1.0, i.e.: 

Py^    -    0.100354/i;,     \Sxr Vc (139) 
(V)VE 

where CYAV is determined using equation 19 for subsonic speeds and equation 23 

for supersonic speeds. 

The center of pressure of the vertical tail side load is a?,  follows: 

Z^-  is obtained from equation 64. 

X,» ■ JC- + AXy- whereAX^j, is from equation 65. 

The  airplane yawing acceleration, R, is determined as follows: 

* '   '«CG - V "YN * txCG " Vr' pYvr1 + 12 h (140> 
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The normal loads on wing, body and horizontal tail, Pzw(B)» PZB(W)» ^ZN 
and PZH and their centers of pressure are determined using equations 66 
through 95 where 

and 

N_ = 1.0 and 6_ - 0 Z F 

NY    "    (PYN + PYVr)/W C141) 

Q    -    0 

YAWING ACCELERATION CONDITION 

The yawing acceleration condition is an arbitrary condition where a 
specified value of yawing acceleration is caused by a vertical tail load and 
is superimposed on a 1.0 g trim condition. 

The vertical tail load required to produce the specified yawing acceler- 
ation, R, is 

\xvr" XCG/ 

P^,    -    - 12  f i— 1 C142) 

where 

2 
I      =    airplane yawing moment of inertia, slug ft 

X-,   ■    X- + A\j ^ere A^V/T is ^rom ecluat^on 65 

The normal loads on the wing, body, and horizontal tail and their 
centers of pressure are determined using equations 66 through 95 where 
N2 ■ 1.0 and op = 0 and 

Ny        -        Py^/W (143) 

Q   »    0 
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EETCBMINATION OF LIFTING SURFACE LIMIT AIRLOAD SHEARS AND KOCNTS 

The following methods are employed in the determination of limit airload 
shears and moments along the span of the lifting surfaces for the specific 
flight conditions. 

The surface unit shears and moments have been determined such that the 
total panel load (including carry-over load on the body) is equal to unity. 
Therefore, the mit shears can be multiplied by the total limit panel airload 
to obtain the limit airload shears and moments as shown in equations 6 
through 11. 

WING LIMIT AIRLOAD SHEARS AND M3MENTS 

The total panel limit airload due to angle of attack is 

PZA   '    ^(«A * PZB(W)A'+2 (144' 

and the total panel airload due to flap deflection is 

PZF   "    CPZW(B)F + PZB(W3F) + 2 (145) 

Then at the selection span stations for weight analysis 

YA    "    1 (bw/2)/cosAR   •    Y/cosAR a46) 

Sz   -    P^ (USZA) + PZF (USZF) (147) 

MXA   '    P^ (UMXA) + PZF (UMXF) (148) 

MYA   »    P^ (UMYA) * PZF (IMF) CU9) 
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The shear and moments at the side of the body station Y  are 

SZ(SOB) ' PZA ^^f308^ + PZF ("SZFCSOB)) 

^(SOB) " PZA CU^f50^) + PZF CUMXFCSOB)) 

^(SOB) m    PZA (^^ACSOB)) + PZF (UWFCSOB)) 

(150) 

(151) 

(152) 

HORIZONTAL TAIL  (OR CANARD)  LIMIT AIRLOAD SHEARS AND MDMENTS 

The total panel airload is, 

P2   »    1.15 i?m/2) (153) 

then, at the selected stations for weight analysis, 

YA - n (bH/2)/cosAR   -   Y/cosAR 

Sz « Pz (USZA) 

^ - Pz (UMXA) 

h[YA = Pz (UMVA) 

SZ(SOB) " PZ ("SZACSUB)) 

^(SOB) - PZ C1*^^)) 

^(SOB) a PZ CUMVA(SOB)) 

(154) 

(155) 

(156) 

(157) 

(158) 

(159) 

(160) 
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VERTICAL TAIL LIMIT AIRLOAD SHEARS AND mENJS 

Conventional Vertical Tail 

The conventional vertical tail is a vertical tail where the horizontal 
tail is mounted at or below the exposed vertical root and can be single or 
dual surfaces. 

The total panel airload is 

PY  "  •VPYVT (161) 

where 

and 

1C.   ■   1.0 for a single vertical tail configuration 

1C.   »   0.55 for a dual vertical tail configuration.    (This assumes 
a 55 to 45 percent load division between the left- and 
right-hand surfaces.) 

Then at selected stations for weight analysis, 

ZA  '  1   0>v)/cosAR   '   VcosAR (162) 

(163) 

(164) 

(165) 

VsOB)    "    PY tt*0^508)) C166) 

MZ(SOB)    *    PY CUMZV(SOB)) (167) 

SY 
= PY 

(USYV) 

«XA = py 
CUMXV) 

«ZA 
= PY 

(UMZV) 
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T-iype Vertical Tail 

^ 

With this type of a'vertical tail, an incremental rolling moment from 
the horizontal tail is introduced at vertical station of the vertical tail/ 
horizontal tail interface in a direction which will add to the vertical tail 
bending moment. The rolling moment is obtained in accordance with para- 
graph 3.17 of reference 12 and is equal to 30 percent of the horizontal tail 
panel (one side) rolling moment, i.e.: 

PZH. 

where Mj^g^ is obtained from equation 159. 

The incremental bending moment and torsion along the vertical tail load 
reference line introduced by this incremental rolling moment are then 

AMXA  '  AMXH ^ AR f16« 

(170) 
AM2A  '   ^ ^ \ 

Let ZVH be the vertical distance from the vertical tail root to the 
horizontal tail root and 

"VH   ■    W (171) 

Then at the stations selected for weight analysis 

ZA  "    n(bv)/cosAR (172) 

and when n > »^ 

PY   =    Pm (173) 

SY    -    PY (USYV) 
(174) 
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MXA - Py (UMXV) (175) 

MZA « Py CUMZV) (176) 

and when n > n VH 

P  « P C177) 
Y    YVT L  ; 

SY ' PY (USYV) (178) 

MXA - PY (UMXV) ♦A^ (179) 

MZA ' PY (UMZV) +AMZA (180) 

VSOB) * PY C"MXV(SOB)) + AM^ (181) 

MZ(SOB) " PY ("M^CSOB)) C182) 

EETERMINATION OF LIFTING SURFACE DESIGN LOADS 

Ihe wing and empennage weight estimating module is structured to combine 
airloads with inertia effects to obtain net surface loads. However, the 
module is limited to the evaluation of airloads at one specific design tem- 
perature, one surface dead weight distribution, and one positive and one neg- 
ative load factor condition. This approach is not consistent with the 
capabilities of the airloads module which investigates conditions for which 
the foregoing design parameters may have multiple values along the structural 
span. Furthermore, since inertia forces do not always act in opposition to 
the lifting forces, errors may be introduced in the net loads calculations. 
Consistency between the airloads module and the weight estimating module is 
maintained by deriving normalizing factors defining the loads envelope to a 
given reference base. 

Subroutine MAXLDS examines airloads from each of the load conditions to 
determine the net design positive and negative shear and bending moment con- 
ditions. Subroutine WHVNET calculates the normalizing factors and organizes 
the data for storage in the program file records. Normalizing factors are 
formulated by using the following reference base. 
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1. Reference tenperature (To) - structure tenperature at the condition 
which results in design net positive bending moment at the root 
weight analysis station 

2. Reference positive load factor (POSNZ) - maximum positive vehicle 
maneuver load factor 

3. Reference negative load factor (XNE(JJZ) - maximum negative vehicle 
maneuver load factor 

4. Reference vehicle weight (DGW) - vehicle weight and associated mass 
distribution at the ba«:ic flight design weight (BFEW) with wings in 
the forward position on variable sweep wing air vehicles. 

Material allowables vary with structure temperature such that maximum 
net loads are not necessarily the design loads.   The ratio of material com- 
pression yield strength at room temperature (FcygO) to compression yield 
strength (Fey) at the design condition is applied to the calculated loads. 
Loadi? scaled in this manner are then on a common base which provides a 
rational means for determining the design loads envelope.    Furthermore, in 
order to minimize inaccuracies due to normalizing loads for tenperature 
effects, the reference tenperature selection is predicated on the condition 
which results in design net positive bending moment at the root weight analy- 
sis station.    This selection minimizes the effect of the temperature normal- 
izing scalar (RS) on the net design bending moment which is the most 
significant strength sizing (weight) parameter on lifting surfaces. 

NET LOADS 

Surface net loads are calculated for each of the structural components 
at each of the load conditions.    These calculations differ slightly for each 
of the lifting surfaces. 

Wing Net Loads 

Wing and content distributed weight effects are provided to this module 
through the mass storage files.    These effects are in terms of inertia shear 
and bending moment per unit positive load factor.   Net shear and bending 
moment at the selected span stations for weight analysis are calculated by 
combining the airload and inertia effects in equations 183 and 184. 

SZ(NET)    "   SZ - NZ t^ZCW) * USZ(C)) (183) 
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VNET) 
S
 MXA - N

Z ^mm + ^c)! (184) 

where 

S, = shear due to airload 

N- ■ vehicle vertical load factor 

US,, . = shear per unit load factor due to wing weight 

US = shear per unit load factor due to wing contents 

hL = swept bending moment due to airload 

^XAfWI = swePt: bending moment per unit load factor due to 
'      wing weight 

UMVATG " swept bending moment per unit load factor due to 
'      wing contents 

Since structure temperature is a variable, the material compression strength 
ratio is applied to the calculated net loads to obtain a common base for the 
selection of design loads. 

f 

S,(NET) |^l (18S) 

Conditions which produce maximum net positive and negative shear and bending 
moment are made from comparative tests of equations 185 and 186. The shear 
and moment equations can then be normalized to a common reference temperature. 

o | (FcvR 
/ ycYSO 

51 ■ VT) I ^) [f^j   ■ hmv -s 
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% ■ VNET) (^f) (^)  - W) ^ . (188) 

where 

^rYR   *   material conpression yield stress at the reference 
temperature 

In order to provide the loads data in a form acceptable to the weight esti- 
mating module, additional factors are determined to account for load factor 
and content inertia effect variations.    The noimaiized shear and bending 
moment take the form shown in equations 189 and 190. 

SZ   ■  { SZ - mh NZR "V)  * "S "VRW ^S (189) 

"kA  '  i1^- ^ NZR (1%W3  * S ^CR)'} ^M f190' 

where 

N_R   = POSNZ when S' is positive in equation 189 

» XNECMZ when S' is negative in equation 189 

RNZ„   ■ Nz/N-R, load factor ratio at design shear 

US ,__.    = shear per unit load factor due to wing contents 
at the reference vehicle weight 

RC     * US  , ./US       ., content ratio at design shear 

RS     = F-y-ZF-y, strength ratio at design shear 

N       ■ POSNZ when MA   is positive in equation 190 

= XNECNZ when MA   is negative in equation 190 

RNZ^^   = NZ/NZR, load factor ratio at design bending 
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"V CR) swept bending moment per unit load factor due to wing 
contents at the reference vehicle weight 

^H   '   UMXAfCl//lJM)CA^CR)• content ratio at design bending 

RSM   ■   VryJfry» strength ratio at design bending 

The foregoing approach accounts for the evaluation of all flight condi- 
tions.    Net wing shear and bending moment for the taxi condition is also 
examined to determine whether taxi design loads are critical.    Should taxi be 
critical, the net shear and moment are substituted as hypothetical airloads 
with the corresponding load factor ratios (RNZs and RNZM) set to 0.0. 

Horizontal Tail Net Loads   

Horizontal tail net design loads are calculated from equations 183 and 
184.    Since the tail is offset from the vehicle center of gravity, the local 
acceleration is used in the net loads equations.   The local vertical accelera- 
tion at the tail is calculated by equation 191. 

Q (xcn    - X   ) 
N =    N — ^L- (191) 

ZHT NZ 12 g uyiJ 

where 

N-   =   vehicle vertical load factor 

2 Q   =   pitching acceleration, radians/sec 

XCGL-,   =   CG of the horizontal tail and contents which is estimated 
by adding two-thirds of the root chord to the apex station 
of the horizontal tail, in. 

XCG   =   vehicle CG, in. 

2 
g   ■   acceleration of gravity, ft/sec 

Horizontal tail contents do not vary with the different design conditions 
and, therefore, the content ratios RCg and RQcj are always equal to 1.0. 

Horizontal tail airloads are reversed when the net negative bending 
moment at the root weight analysis station is greater than the net positive 
bending moment.    (The weight estimating module assumes that the positive 
loads are larger than the negative loads.)    When the loads are reversed, an 
indicator is placed in XMISC(42).    When this indicator is not 0, the refer- 
ence positive and negative load factors are reversed in the weight estimating 
module calculations. 
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Vertical Tail Net Loads 

Inertia and airloads that affect the vertical tail act in the lateral 
direction.    The local acceleration at the tail is calculated by equation 192. 

R (XCG™ - X   ) 

where 

N     ■   vehicle lateral load factor 

2 R   ■   yawing acceleration, radians/sec 

XCGL-j,   *   CG of the vertical tail and contents which is estimated 
by adding two-thirds of the root chord to the apex 
station of the vertical tail, in. 

XCG   '   vehicle CG, in. 

The net design shear and moment calculations take the form shown in 
equations 193 and 194 which are similar to the wing net load equations 

S; " { S, - RNZS N2R (USYtv) ♦ RCS USy(c))} Ks (193) 

M'XA - {^A " "«M NZR tlVv) * "S. «XMC)'} K* C194) 

where 

N R   ■   POSNZ for all conditions 

RNZS    ■   NyYj/N^R» load factor ratio at design shear 

RN2L.   ■   N
YVT^7R' ^oa^ factor rati0 at design bending 

Vertical tail contents RCs and RC^j are always equal to 1.0 since 
contents do not vary with the different design conditions. 
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DETERMINATION OF WING BENDING MDMEOT SPECTRA 

A simplified approach is used to estimate the wing bending moment spectra 
at two stations on the wing. It is assumed that the total wing airload per 
side (including the carry-over load on the body) is equal to one-half the 
product of the load factor, n, times the airplane weight, W. Then, for a 
given flight segment where the mach nunber, altitude, and weight are constant, 
the wing load and the bending moment are proportional to the load factor. A 
gust and a maneuver bending moment spectrum are developed for each flight 
segment based on the gust and the maneuver load factor spectra. 

BLOCKED USAGE FLICHT SEGMENTS 

The blocked usage segments represent the operational flight usage of the 
aircraft for the specified service life. Each segment represents time spent 
under a type of operation at a fixed mach number, altitude, wing sweep posi- 
tion, and airplane weight. Eight flight segments for each class of airplane 
have been selected to represent the service life usage. 

Typical blocked usage segments have been estimated for the fighter, 
attack, bomber-BI, bomber-BII, cargo-assault, and cargo-transport airplane 
classes. These data are presented in Tables 5 through 10, and are contained 
in the SWEEP computer program data bank. It should be noted that these 
blocked usage segments are strictly an estimate, and it is suggested that the 
user replace these data if more realistic data are available for a specific 
airplane. In Tables 5 through 10, W is the average takeoff weight and TL is 
the specified service life in flight nours. 

TABLE 5. TYPICAL BLOCKED USAGE SEGMENTS FOR FIGHTER CLASS 

Blocked Avg Avg Wing Weight Life 
Usage Mach Altitude Sweep Fraction Fraction 
Segment No. (ft) Position w/w0 T/TL 

Ascent 0.70 15,000 Fixed 1.00 0.07 
Cruise 0.70 20,000 Fixed 0.95 0.15 
Cruise 2.00 40,000 Fixed 0.80 0.10 
Cruise 0.90 25,000 Fixed 0.80 0.20 
Cruise 0.85 0 Fixed 0.80 0.15 

Air-ground 0.80 0 Fixed 0.80 0.10 
Air-Air 0.80 10,000 Fixed 0.75 0.05 
Loiter/ 
Descent 0.60 10,000 Fixed 0.70 0.18 
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TABLE 6. TYPICAL BLOCKED USAGE SEGMENTS FOR ATTACK CLASS 

Blocked Avg Avg Wing Weight Life 
Usage Mach Altitude Sweep Fraction Fract ion 
Segment No. (ft) Position W/Wo T/TL 

Ascent 0.70 15,000 Fixed 1.00 0.08 
Cruise 0.70 10,000 Fixed 0.95 0.25 
Cruise 0.85 40,000 Fixed 0.80 0.20 
Cruise 0.80 0 Fixed 0.80 0.12 
Air-air 0.95 10,000 Fixed 0.75 0.05 

Air-Ground 0.80 0 Fixed 0.80 0.12 
Descent 0.60 15,000 Fixed 0,70 0.08 
Loiter 0.60 10,000 Fixed 0.70 0.10 

TABLE 7.    TYPICAL BLOCKED USAGE SEGMENTS FOR BI CIJVSS 

Blocked Avg Avg Wing Weight Life 
Usage Mach Altitude Sweep Fraction Fraction 
Segment No. (ft) Position w/w0 T/TL 

.Ascent 0.70 15,000 Fixed 1.00 0.08 
Cruise 0.70 10,000 Fixed 0.95 0.20 
Cruise 0.85 40,000 Fixed 0.80 0.25 
Cruise 0.70 0 Fixed 0.80 0.12 
Cruise 0.75 5,000 Fixed 0.75 0.05 
Cruise 0.60 0 Fixed 0.80 0.12 
Descent 0.60 15,000 Fixed 0.70 0.08 
Loiter 0.60 10,000 Fixed 0.70 0,10 

TABLE 8.    TYPICAL BLOCKED USAGE SEGMENTS FOR BII CLASS 

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

Segment No. (ft) Position W/Wo T/TL 

Ascent 0.355 0 Fixed 1.0 0.104 
Cruise 0.70 30,000 Fixed 0.8611 0.0654 
Cruise 0.70 30,000 Fixed 0.8611 0.6199 
Refuel 0.70 25,000 Fixed 1.0833 0,0407 
Cruise 2.20 50,000 Fixed 0.6944 0.0269 

Penetrate 0.85 0 Fixed 0.8611 0.1081 
Penetrate 0.95 0 Fixed 0.6944 0.0232 
Penetrate 0.55 0 Fixed 0.75 0.0118 
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TABLE 9. TYPICAL BLOCKED USAGE SEOCNTS FOR CARGO ASSAULT CLASS 

Blocked Avg Avg Wing Weight Life 
Usage Mach Altitude Sweep Fraction Fraction 
Segment No. (ft) Position w/wo T/TL 

Ascent/ 
Descent 0.60 20,000 Fixed 0.94 0.2185 
Ascent 0.60 20,000 Fixed 1.10 0.0044 
Ascent/ 
Descent 0.40 5,000 Fixed 0.94 0.0332 
Cruise 0.75 40,000 Fixed 0.94 0.3341 
Cruise 0.75 40,000 Fixed 1.06 0.0255 
Cruise 0.65 20,000 Fixed 0.94 0.0354 
Cruise 0.47 10,000 Fixed 0.91 0.0135 
Cruise 0.456 1,000 Fixed 0.91 0.3354 

TABLE 10. TYPICAL BLOCKED USAGE SEGMENTS FOR CARGO TRANSPORT CLASS 

Blocked Avg Avg Wing Weight Life 

Usage Mach Altitude Sweep Fraction Fraction 

Segment No. (ft) Position w/wo T/TL 

Ascent 0.50 20,000 Fixed 1.00 0.05 

Ascent/ 
Descent 0.50 10,000 Fixed 0.70 0.05 

Cruise 0.80 30,000 Fixed 0.80 0.25 

Cruise 0.85 40,000 Fixed 0.75 0.30 

Cruise 0.75 25,000 Fixed 0.80 0.15 

Cruise 0.70 15,000 Fixed 0.70 0.10 

Cmise 0.65 10,000 Fixed 0.70 0.05 

Cruise 0.55 1.000 Fixed 0.70 0.05 

MANEUVER LOAD FACTOR SPECTRA 

Maneuver load factor spectra for each airplane class are presented in 
Tables 11 through 15. The number of exceedances of given load factor levels 
per 1,000 flight hours are shown for each type usage segment. These data are 
based on the load factor spectra of references 13 or 14. 

The spectra for the fighter and attack classes (Table 11) correspond to 
Table III of reference 13, except that the ascent cruise, descent, and loiter 
spectra have been consolidated into one representative spectrum and a repre- 
sentative supersonic air-to-air combat spectrum has been added. 
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TABLE 11. MANEUVER LOAD FACTOR SPECTRA FOR FICHTER OR ATTACK CLASSES 

Exceedances per 1,000 Hours by Mission Segment 

Ascent 
Cruise, 

Load Loiter, Air-to- Subsonic Supersonic 
Factor or Ground Air-to-Air Air-to-Air 

inz) Descent Combat Combat Combat 

10.0 0 0 15 0 
9.0 0 1 60 0 
8.0 0 15 230 16 
7.0 0.04 200 900 90 
6.0 1.0 1,500 3,400 500 
5.0 25 10,000 13,000 2,900 
4.0 400 40,000 50,000 17,000 
3.0 3,500 100,000 150,000 90,000 
2.0 15,000 175,000 300,000 250,000 
1.5 24,000 210,000 390,000 320,000 
0.5 0.0 10,000 44,000 16,000 
0.0 0.0 350 4,000 2,000 
-1.0 0.0 7 350 45 
-2.0 0.0 1 8 0.1 
-3.0 0.0 0 0.1 0 
-4.0 0.0 0 0 0 

The spectrum for the bomber-BI class (Table 12) is based on the B spec- 
trum of Table II of reference 14 which is believed to be representative of a 
consolidation of the spectra of Table V of reference 13. The load factor 
levels are also changed to increments of 0.5 g. 

The spectra for the bomber-BII class (Table 13) correspond to the spec- 
tra of Table VI of reference 13, except that the ascent, descent, and refuel- 
ing spectra have been consolidated into one spectrum and a representative 
low-altitude penetration spectrum has been added. The load factor levels are 
also changed to increments of 0.3 g. 

The spectra for the cargo-assault class (Table 14) correspond to the 
spectra of Table VIII of reference 13, except the ascent and descent spectra 
are consolidated into one spectrum and the load factor levels are changed to 
increments of 0.3 g. 
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TABLE 12. MANEUVER LOAD FACTOR SPECTRLM FOR BI CLASS, ALL SEGMENTS 

Load 
Factor Exceedances cv per 1,000 Hours 

6.0 0 
5.5 0.5 
5.0 3 
4.5 18 
4.0 70 
3.5 250 
3.0 800 
2.5 2,500 
2.0 9,200 
1.5 31,000 
0.5 1,000 
0.0 350 
-0.5 1 
-1.0 0 

The spectra for the cargo-transport class (Table 15) correspond to the 
spectra of Table VII of reference 13, except that the ascent, descent, and 
refueling spectra have been consolidated into one spectrum. The resulting 
spectra were obtained with a weighting of 80 percent logistics and 20 percent 
training, and the load factor levels are also changed to increments of 0.3 g. 

The maneuver load factor spectrum for a given blocked usage segment is 
based on the time spent in the segment and number of load factor exceedances 
per 1,000 hours. 

Let, 

N. EXM number of exceedances of a specific maneuver load factor 
for the blocked usage segment 

N, EX number of exceedances of a specific maneuver load factor 
per 1,000 hours for the type of segment 

SEG 
total hours spent in the blocked usage segment 
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TABLE 13. MANEUVER LOAD FACTOR SPECTRA FOR BII CLASS 

! 

1 

• 

. 

Exceedances per 1,000 Hours by Segment 

Ascent, Cruise 
Load Descent, or Low- 

Factor or High-Altitude Altitude 
(nz) Refueling Penetration Penetration 

3.5 0 0 0 
3.2 0.01 0 0.02 
2.9 0.06 0.003 0.12 
2.6 0.3 0.03 0.6 
2.3 2 0.40 4 
2.0 15 4 30 
1.7 300 60 600 
1.4 7,200 1,300 14,400 
1.1 150,000 35,000 300,000 
0.9 85,000 20,000 300,000 
0.6 3,900 240 14,400 
0.3 86 4 600 
0.0 7 0.1 30 
-0.3 0.9 0.002 4 
-0.6 0.1 0 0.6 
-0.9 0.01 0 0.12 
-1.2 0 0 0.02          1 
-1.5 0 0 0 

then 

SEC = TL(T/TL)SEG (195) 

EXM fl96) 
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TABLE 14. MANEUVER LOAD FACTOR SPECTRA FOR CARGO ASSAULT CLASS 

Load Factor 
Exceedances per 1,000 Hours by Segment 

(nz) Ascent or Descent Cruise 

3.8 0 0 
3.5 0.05 0.02 
3.2 0.12 0.05 
2.9 0.25 0.11 
2.6 0.50 0.25 
2.3 1.8 0.54 
2.0 10 2 
1.7 130 16 
1.4 1,500 300 
1.1 100,000 10,000 
0.9 30,000 5,000 
0.6 100 30 
0.3 0.5 1 
0.0 0.002 0.03 
-0.3 0 0.001 
-0.6 0 0 

TABLE 15. MANEUVER LOAD FACTOR SPECTRA FOR CARGO TRANSPORT CLASS 

Load Factor 

Exceedances per 1,000 Hours by Segment 

Ascent, Descent 
(n2) or Refueling Cruise 

3.5 0 0 
3.2 0.03 0 
2.9 0.17 0 
2.6 0.90 0.003 
2.3 4 0.05 
2.0 19 1 
1.7 105 25 
1.4 1470 825 
1.1 70,000 30,000 
0.9 8,000 1,920 
0.6 136 22 
0.3 0.30 0.15 
0.0 0.001 0.001 
-0.3 0 0 
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where 

T/T is obtained from the appropriate Table 5, 6, 7, 8, 9, or 10 

Np is obtained from the appropriate Table, 11, 12, 13, 14, or 15 

T. is the specified airplane service life in hours 

GUST LOAD FACTOR SPECTRA 

The gust load factor spectra are developed using a simplified continuous 
turbulence approach based on references 15 and 16. The exceedances of a given 
load factor, NJ^G» for a specific blocked mission segment is determined using 
the following method: 

NEXG ■ 3600TSEGNo 

An 
Ple 

IA h, - An IA 
''I      1 + P. e   

z/ 
P2e 

An/A b2 
(197) 

where, 

T  is from equation 195 

N is the average number cycles of load factor per second and is 

N 
7.5 VT 

5280 
(per reference 15) (198) 

V  = true airspeed (fps) corresponding to the blocked segment 
mach number and altitude 

An is the incremental gust load factor and is 

An =| n - 1 (199) 
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P. P-, b. and b. are the turbulence field parameters obtained from 
Table 16 by interpolation at the blocked segment altitude. 

Ko- 
'VT CL. 

wy (per reference 16) (200) 

Ko- is the gust response factor obtained from Table 17 by interpola- 
tion at the appropriate values of C/L and \i for the blocked segment 
weight, speed, and altitude. 

C is the average wing chord in feet. 

L is the scale of turbulence in feet and is obtained from Table 16 
for the blocked segir^nt altitude. 

\i. is the airplane mass-ratio and is obtained using equation 116 for 
the blocked segment weight, speed, and altitude. 

TABLE 16. TURBULENCE FIELD PARAMETERS 

Altitude L 
|    (ft) PI Bl P2 B2 (ft) 

1   0 1.00000 2.70 0.000010 10.65 500 
250 1.00000 2.70 0.000010 10.65 500 

!   1,000 1.00000 2.70 0.000010 10.65 500 
\         1,750 0.42000 3.02 0.003300 5.94 1,750 
1   3,750 0.30000 3.42 0.002000 8.17 2,500 
j   7,500 0.15000 3.59 0.000950 9.22 2,500 

15,000 0.06200 3.27 0.000280 10.52 2,500 
|   25,000 0.02500 3.15 0.000110 11.88 2,500 
''        35,000 0.01100 2.93 0.000095 9.84 2,500 
j   45,000 0.00460 3.28 0.000115 8.81 2,500 
|   55,000 0.00200 3.82 0.000078 7.04 2,500 

65,000 0.00088 2.93 0.000057 4.33 2,500  1 
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TABLE 17. GUST RESPONSE FACTORS 

Ka 

C/L C/L C/L C/L C/L C/L C/L C/L C/L 
^ 0.002 0.004 0.006 0.010 0.015 0.020 0.040 0.060 0.100 

5 0.130 0.180 0.210 0.240 0.270 0.300 0.350 0.390 0.430 
10 0.200 0.250 0.290 0.340 0.380 0.415 0.480 0.520 0.550 
20 0.270 0.340 0.380 0.440 0.490 0.525 0.590 0.610 0.625 
30 0.320 0.400 0.450 0.515 0.565 0.595 0.640 0.660 0.660 
40 0.340 0.440 0.500 0.565 0.615 0.643 0.690 0.695 0.680 
60 0.410 0.510 0.565 0.632 0.676 0.700 0.735 0.730 0.708 
100 0.500 0.600 0.655 0.712 0.745 0.762 0.772 0.750 0.725 
140 0.550 0.650 0.710 0.760 0.782 0.790 0.790 0.770 0.735 
200 0.620 0.715 0.760 0.800 0.817 0.820 0.805 0.785 0.742 
300 0.685 0.770 0.805 0.836 0.845 0.843 0.820 0.790 0.747 

TAXI LOAD FACTOR SPECTRA 

The taxi load factor spectra are presented in Table 18 for each airplane 
class and are the same as Table I of reference 13 except that the spectra are 
converted to exceedances of load factor per 1,000 landings (rather than occur- 
rences of load factor per 1,000 landings). 

Two taxi spectra are considered; that is, one at the average takeoff 
weight and one at the average landing weight and both having the same load 
factor exceedances. 

Let 

N, EXT number of exceedances of a specific taxi load factor for 
the service life for the average takeoff or landing weight 

N, EX number of exceedance of a specific taxi load factor per 
1,000 landings obtained from Table 18 

N. LDG total number of landings specified for the airplane service 
life 

Then, for a specific taxi load factor. 

NE)Cr    *    NEX(NLDG/2000) (201) 
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TABLE 18. TAXI LOAD FACTOR SPECTRA 

Exceedances per 1,000 Landings 

BIX, Cargo-Assault, 
Load Factor or Cargo-Transport 

fnz) F, A, or BI Class Class 

1.8 0.00 a 0.002 
1.7 0.03 0.06 
1.6 0.9 1.8 
1.5 20 40 
1.4 450 900 
1.3 9,000 18,000 
1.2 86,000 172,000 
1.1 330,000 660,000 
0.9 330,000 660,000 
0.8 86,000 172,000 
0.7 9,000 18,000 
0.6 450 900 
0.5 20 40 
0.4 0.9 1.8 
0.3 0.03 0.06 
0.2 0.001 0.002 

GROUNÜ-AIR-GROUND CYCLE LOAD FACTOR SPECTRUM 

The ground-air-ground cycle load factor spectrum is arbitrarily assumed 
to consist of a total number of constant amplitude cycles, NQ^Q, equal to the 
total number of landings, NLDG. specified for the airplane service life. The 
minimum load level corresponds to a taxi load factor of 1.2 g at the average 
takeoff weight, and the maximum load level corresponds to a flight load factor 
of one-half the positive design limit load factor at a weight equal to that of 
the initial ascent blocked usage segment. 

N GAG N. LDG 
(202) 

WING BENDING MOMENT SPECTRA 

Wing bending moment spectra are developed for the specified airplane 
class for each of the eight blocked usage segments, for taxi at the average 
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takeoff weight and at the avrage landing weight, and for the ground-air- 
ground cycles. The net bending moment (airload plus inertia) spectra are 
determined at two wing stations: 

1. The exposed panel rolling moment at the wing-body interface station, 
YJJI, side of the body 

2. The wing bending moment at a specified station, Y, along the load 
reference line 

Blocked Segment Bending Moment Spectra 

For each of the eight blocked usage segments of the appropriate Table 5, 
6, 7, 8, 9, or 10, the following procedures are used to determine the wing 
bending moment spectra: 

1. bsxng the blocked mission segment mach number, determine the unit 
airload bending moments LMXA and IMACSOB) using equations 32 and 43, 
respectively, where r\  ■ (2YA/b) cos A . Determine the wing lift 
curve slope, Cr , using the appropriate equation (19) or (23). 

2. For the specified airplane class and blocked segment type, determine 
the exceedances, NEXM» 0^ eac^ man&xver  load factor level listed in 
the appropriate Table 11, 12, 13, 14, or 15 using equations 195 and 
196. 

3. Determine the exceedances, NgxC» 0^ Sust factor levels for the same 
load factor levels of item 2 using the blocked segment weight, mach 
number and altitude, and equation 197. 

4. Detemine the net bending moments at the two wing stations for each 
load factor level as follows: 

M^SOB) - (-V/u^501*)+ nz(^r) (203^ 

VA ^A V (v.) ■ (nr) CIM(A) * nzbrL m) 
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where 

n   is the load factor for which exceedances have been determined z 

UMXA(SOB) and UMXA are the unit airload bending moments at wing sta- 
tions Ygi and YA , respectively. 

(NL/n ) and CMv» /nj,, are the unit inertia bending moments at wing 
stations Y3J and YA , respectively. 

W is the blocked segment weight and is, 

W ■ W (W/W ) (205) oo J 

where 

W is the specified average takeoff weight 

and 

W/W is blocked segment weight fraction. 

5. A sample maneuver and gust wing bending moment spectra for a cargo- 
assault class airplane is shown in Table 19 for the first blocked 
usage ascent/descent segment of Table 9. Notes are presented to 
illustrate how data \vere obtained. 

Taxi Bending Moment Spectra 

The wing bending moment spectra for the taxi load factor spectra are 
obtained as follows: 

1. Uzing Table 18 for the appropriate airplane class, the number of 
exceedances, Ng^j, of each load factor level are obtained by 
equation 201. 

2. This load factor spectra is used to determine the wing bending spec- 
tra for the average takeoff weight and the average landing weight. 
At each load factor level, the wing bending moments are determined 
using equations 203 and 204 modified as follows. 
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TABLE 19. SAMPLE BLOCKED USAGE SEGMENT MANEUVER AND GUST WING 
BENDING MOMENT SPECTRA FOR CARGO ASSAULT CLASS 

Load VSOB) ^A 
Ar 
YA =250.4 A 

Gust Maneuver 
Factor Gust AT Exceedances Exceedances 
(n) AN, YBW=72 NEXG NEXM 

(note 1J 

| 

(note 2) (note 3) (note 4) (note 5) (note 6) 

1 
3.2 2.2 35033490 17081280 0.0 0.5 
2.9 1.9 31749100 15749920 0,0 1.1 
2.6 1.6 28464700 13878550 0.0 2.2 
2.3 1.3 25180320 12277180 0.3 7.9       1 
2.0 1.0 21895940 10675810 2.6 43.7 
1.7 1.7 18611540 9074440 19,8 568.2 
1.4 0.4 15327150 7473060 191 6654 
1.1 0.1 12042760 5871690 51,214 436,996 

0.9 -0.1 9853170 4804110 51,214 131,096 
0.6 -0.4 6568780 3202740 191 437 
0,3 -0.7 3284390 1601370 19,8 1.3 
0.0 -1.0 0 0 2.6 0.0 
-0.3 -I.7 -3284390 -1601370 0.3 0.0 
-0.6 -1.6 -6568780 -3202740 0.0 0.0 

NOTES 

1. n is o 
z 

btained from Table 14. 

2.  An is 
z 

obtained using equatic n 199. 

3' N1XfSOB) 
is obtained using equa tion 203. 

4- 'V1XA is obtained using equatio n 204. . 

5. NEXG is obtained using equatio n 197. 

6- NEXMis obtained using equatio n 196 and Tab] le 14. 
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For the bending moments at takeoff weight. 

V   z/o VSOB)    -nA~J0 
(206) 

, ■ -0). ) \      2/0 

My = n I  I (207) 

For the bending moments at landing weight, 

VSOB) " "zßL 

AAfYAJ \ nz/LI)G 

where 

(a and l — 
z/ o 

are the wing unit inertia bending moments at stations Y  and YA , 
respectivel>, for the average takeoff weight. 

Vnz/LÜG   \ nz/LI3G 

are the wing unit inertia bending moments at stations Y  and YA , 
respectr/ely, for the average landing weight. 
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Ground-Air-Ground Cycle Bending Manents 

The wing bending moments for the ground-air-ground cycles are determined 
using equations 203 and 204 modified as follows: 

FOT" the maximum wing bending moments, 

5I
X(SOB)   '(JT^)*,XA(S0B)*Ti(r)1 f210) 

. (ii) „,, .Sfy) 
MYA)       X    4 2 V n   i" 

For the minimum wing bending moments, 

\  z/o 'N1xfS()B) = ^Hry f21^ 

A rYA) \ n= /o 

where 

n        is the positive design limit maneuver load factor. 
ZI, 

IV  is the airplane weight in the initial ascent segment. 

x z'l xnjti 
the unit inertia bending moment wing station Y . for the 
— 'aJ ascent segment. 
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ft). 

Q-(^: 

is the unit inertia bending moment at wing sta- 
tion Y. for the initial ascent segment. 

are the unit inertia bending moments at wing sta- 
tions Y  and Y. , respectively, for the average 
takeofr weight. 
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Section III 

PROGRAM DESCRIPTION 

GENERAL DliSCRIPTION 

The airloads module has been developed to determine air vehicle 
component limit airloads and wing bending moment fatigue spectra. Methods, 
equations, and logic discussed in the previous section are programmed in 
FORTRAN IV for the CDC bbOU computer. Limit airloads consist of airload and 
center of pressure (CPJ for each airplane component and airload shear, bending 
moment, and torsion distributions on wing and empennage surfaces. Fatigue 
data consist of gust and maneuver spectra for eight flight segments, two taxi 
segments, and a ground-air-ground segment. 

Data input to this module consist of the permanent file aerodynamic data 
records, and the vehicle-oriented data, generated by the data management 
module and the flutter and temperature module.  The flow of data to this 
module and the usage of data calculated by this module are shown in Fig- 
ure 7. 

PROGRAM FUNCTIONS 

The airloads module main program, BLCNTL, uses four main subroutines, 
five subordinate subToutines, and two function routines. The main subroutines 
are USPAN, BNLDS, SPABM, and FATMG. 

Subroutine USPAN calculates lifting surface unit airload shears, bending 
moments, torques, centers of pressure, and lift curve slopes for a specified 
mach number. 

Subroutine BNLDS calculates gross limit airloads and centers of pressure 
on each of the airplane components and the inertia factors for the specified 
case condition. 

Subroutine SPABM calculates limit airload shear, bending moment, and 
torsional moment distributions on wing and empennage surfaces for each 
specific flight condition. 

Subroutine FATMG calculates wing bending moment spectra at a wing side 
of fuselage station and an outboard station. 
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Subordinate subroutines are used to calculate atmospheric properties and 
to process the airloads data for use by the fatigue and weight estimating 
modules.    These routines are: 

• ATMOS     Determines the standard atmosphere density, pressure, and the 
speed of sound at a given altitude 

• MAXLDS   Scans the load case data to define the net design loads 
envelope for the wing and empennage surfaces 

• KUVNET   Organizes the net design loads envelope data; calculates 
temperature, load factor, and content inertia normalizing 
factors; and stores the data for use by the wing and empennage 
weight estimating modules 

• FUSNET   Rearranges and stores vehicle loads and inertia factors for 
use by the fuselage weight estimating module 

Purposes of the function routines are as follows: 

• CODLVZ    Curve fitting interpolation routine for determination of a 
value on a single curve 

• FC0DM2    Curve fitting interpolation routine for determination of a 
value from a family of curves 

me calling-called matrix for the program showing interdependence of 
routines  is shown in Figure 8.    The logical  flow chart of this module is 
shown in Figure 9.    lixpanded discussions of each of the routines are included 
in this section.    Methods employed are described in Section II of this volume. 
Logical flow charts and program listings are shown in Appendix A. 

GENERAL MAPS 

Data storage and transmittal is accomplished through the use of common, 
labeled common, and mass storage files.    Mass storage file records are read 
into and written from regions in common or from program regions.    Those 
arrays that are written from records in the program region are: 
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BLCNTL X X X X X X X 

USPAN X X 

BNLDS X X 

FATMG X X X X 

FC0DM2 X 

Figure 8. Calling-called matrix for airload module. 
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Figure 9.    Logical flow diagram for airload module. 
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Array Subroutine 

DUNNY FATMG 
FUS FUSNET 
RATIO WHVNET 
WHVLIU WHVNET 
WD MAXLDS 

Descripfon of these arrays, as well as other program region arrays, are 
presented with the subroutine descriptions. 

CÜMM3N 

Common consists of 5,895 cells which are divided into the major regions 
shown in Table 20. Table 21 presents an alphabetical listing of arrays and 
variables within the common region. T/pe designates whether variable is 
input (I) or calculated (C). When the variables in this table are subsets of 
larger arrays, the higher order array is referenced in brackets.       ' 

Tables 22 through 6Ü arc maps of those arrays that have specific signifi- 
cance which are not explained in the alphabetical listing. Certain arrays and 
variables are only pertinent within a single routine; in which case, these 
variables are included in the discussion of the applicable routine. 

LABELED CONMDN 

Labeled conmon arrays are used to transfer program control words and 
certain vehicle design data. These arrays are as follows: 

• XMISC  (Block MISC) - This array is used to transmit program controls 
and certain vehicle design data as shown in Table 61. 

• IP    (Block IPRINT) - This array is used to transmit print control, 
indicators to various subroutines as shown in Table 62. When 
this name (IP) is in conflict with conmon region variables, the 
name IQ is used. 

MASS STORAGE FILES 

Mass storage file records used by this program are shown in Table 63. 
Variables in these records are discussed in the common region tables or with 
the originating routine discussions. 
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TABLE 20.    00M40N ARRANGEMENT 

Comnon 
Location 

Variable 
Name Description 

1 
• • 

Reserved for future expansion 

• 

• 

99 

• 

a 

100 
• 

DT(1) 
• 

Permanent file aerodynamic data (record 1) 

• 

155 

• 

• 

DT(56) 

156 DB(1) Permanent file subsonic aerodynamic data (record 2) 

• 

• 

1008 

• 

• 

DB(853) 

1009 
• 

• 

DFC1) 

• 

Permanent file deflected flap aerodynamic data 
(record 3) 

• 

1154 
• 

DF(146) 

1155 
• 

DP(1) 
• 

Permanent file supersonic aerodynamic data (record 4) 

• 
1888 

• 

• 

DP(734) 

1889 
• 

• 

DS(1) 
• 

Pemanent file or input blocked mission segment 
tables (record 5) 

• 
2176 

• 

DS(288) 

2177 
• 

• 

DE(1) 
• 

Permanent file maneuver load factor spectra tables 
(record 6) 

2516 
• 

DE(340) 
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TABU: 20.    COMM3N ARRANGENENT (CONT) 

Common 
Location 

Variable 
Name Description                 | 

1  2517 
I 
f                       * 

DI(1) Permanent file taxi load factor spectra tables 
(record 7) 

1  2576 DI(60) 

i  2577 DG(1) 
• 

Pennanent file turbulence field parameters (record 8) 

2648 DG(72) 

2649 DR(1) Permanent file gust response factors (record 9)     | 

1         • 

2757 DR(109) 

2758 
• 

BC(1) 
• 

Air vehicle design data (record 22) 

• 

• 

2952 

• 

BC(195) 

2953 BB(1) Air vehicle load condition criteria 

• 

2972 
• 

BB(20) 

2973 BS(1) Basic program scratch array                    | 

• 

• 
2992 BS(20) 

2993 
■ 

BD(1) Program scratch array 

• 
• 

3152 

• 
• 

BD(160) 
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■    ■   immnui-m, . 

TABLE 20.    COMMON ARRANGEMENT (CONT) 

Common Variable 
Location Name Description                 | 

3153 

I                       * 

BU(1) Unit spanwise loading tables                  j 

i       • 

3380 BU(228) 

3381 B0(1) Air vehicle loading parameters and surface airload   j 
| • shear, bending moment, and torque. Also, fatigue   j 

i • spectra data.                             j 

4000 
• 

80(620) 

4001 
1         * • 

Reserved for future expansion                 | 

1         * 

1         * 
|  4200 

• 

|  4201 ND(1) 
■ 

Storage region for indicators and counters 

i         * 

i         • 

4400 ND(200) 

j  4401 

1         * 

WLD(l) 
• 

Structural component normalized inertia loads array  j 

!  4700 

• 
• 

WLD(300) 

4701 
:                 •             ! 

IDUM(l) 
• 

Net design load condition indicator array 

*             1 

1;          •        | 

1  4832 IDUM(132) 

4833 SAVE(l) 
• 

Design airloads array 

• 

4964 

■       : 

• 
SAVE(132) 
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TABLE 20.    CCMÜN ARRANGEMENT (CONT) 

|  Common 
i Location 

| Variable 
Name Description 

4965 

• 

XNET(l) Net design loads array normalized to room temperature 
reference.                                i 

5096 XNET(132) 

5097 RNZ(l) 
• 

Load factor normalizing factor array             j 

i     * 
• 

5228 RNZ(132) 

5229 
i         * 

RC(1) Wing content normalizing factor array            \ 

* 
j   5272 RC(44) 

5273 

* 

SVF(l) .Ambient condition, temperature, and structural com-  j 
ponent material property data array 

5452 
• 

SVF(180J 

j  5453 S'IBiPWCl) 
• 

Wing material allowable at each design load condition 

|  5475 STEMPW(23) 

j  5476 
• 

* 

STEMPH(l) 
• 

Horizontal tail material allowable at each design   j 
load condition 

5498 
• 

STEMPH(23) 

5499 STEMPV(l) Vertical tail material allowable at each design load 1 
condition                                 \ 

I         *     i 

5521 STEMPV(23) 

i 
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TABLE 20.    CCMÜN ARRANGEMENT (CONCL) 

Common 
Location 

Variable 
Name Description 

5522 

5719 

5720 

5785 

DUM(l) 

DUM(198) 

SAVET(l) 

SAVET(66) . 

Design airloads array normalized to reference 
temperature 

Reserved for torque evaluation 
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TABLE 21. CONMON REGION VARIABLE LIST 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

ALT 

BB 

BC 

BD 

mi 

BMV 

BMW2 

BM12 

BM2G 

BM21 

BM22 

BM23 

23 

20 

195 

160 

11 

11 

11 

11 

11 

11 

11 

11 

3581 

2953 

1758 

2993 

4646 

4679 

4481 

4547 

4415 

4514 

4580 

4613 

C 

C 

Vehicle altitude at load condition (BO) 

Vehicle design criteria at load condi- 
tions or at blocked mission segment in 
subroutine FATMG (refer to Table 22) 

Vehicle design data (refer to Table 23) 

Scratch array (refer to subroutine 
discussions) 

Horizontal tail and contents 1 g iner- 
tia bending moment (WLD) 

Vertical tail and content 1 g inertia 
bending moment (WLD) 

Wing only 1 g inertia bending moment 
for wings fixed or forward (WLD) 

Wing and content 1 g inertia bending 
moment at BFDW for wings fixed or aft 
(WLD) 

Wing net bending moment at 2 g taxi at 
MDW for wings fixed or forward (WLD) 

Wing and content 1 g inertia bending 
moment at MDW for wings fixed or 
forward (WLD) 

Wing and content 1 g inertia bending 
moment at BFDW for wings fixed or 
forward (WLD) 

Wing and content 1 g inertia bending 
moment at LDW for wings fixed or 
forward (WLD) 

BLCNTL 

BLCNTL, USPAN, 
BNLDS, SPABM, 
FUSNET, FATMG. 
M/VXLDS 
BLCNTL, USPAN, 
BNLDS, SPABM, 
MAXLDS, FUSNET, 
FATMG 

USPAN, BNLDS, 
FATMG 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 

MAXLDS 
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TABLE 21. CONMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

BO 

BO 

BS 

BU 

CNN 

DB 

DE 

DF 

DG 

DI 

DP 

DR 

DS 

DT 

620 

620 

20 

228 

Common 
Loc 

3381 

3381 

2973 

3153 

1 2962 C 

853 156 

340 2177 

146 1009 

72 2577 

60 2517 

734 1155 

109 2649 

288 1889 

56 100 

Type Description 

Component airloads, CP's, and vehicle 
inertia factors (refer to Table 24) 

Spectra bending moment tables (refer 
to Table 75) 

Scratch array (refer to subroutine 
discussions) 

Unit spanwise loading tables (refer to 
Table 25) 

Vehicle mach number at load condition 
(BB) 

Permanent file subsonic aerodynamic 
data (refer to Table 26) 

Permanent file maneuver load factor 
spectra tables (refer to Table 29) 

Permanent file deflected flap aerody- 
namic data (refer to Table 35) 

Permanent file turbulence field param- 
eters (refer to Table 37) 

Permanent file taxi load factor spectra 
tables (refer to Table 38) 

Permanent file supersonic aerodynamic 
data (refer to Table 39) 

Permanent file gust response factors 
(refer to Table 41) 

Permanent file or input blocked mission 
segment tables (refer to Table 43) 

Permanent file aerodynamic data (refer 
to Table 50) 

Subroutine 
Reference 

BLCNTL, BNLDS, 
SPABM, MAXLDS 
FUSNET 

FATMG 

USPAN, BNLDS, 
SPABM, FATMG 

USPAN, BNLDS, 
SPABM, FATMG 

USPAN 

BLCNTL, USPAN 

FATMG 

BLCNTL, USPAN, 
BNLDS 

FATMG 

FATWG 

BLCNTL, USPAN 

FATMG 

FATWG 

BLCNTL, USPAN 
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TABLE 21. CONWON REGION VARIABLE LIST (CONT) 

Var Common Subroutine 
Name Size Loc Type Description Reference 

I 
DUM 198 5522 C Design airloads array normalized to 

reference design temperature (refer to 
Table 51) 

WHVNET 

DX 15 5058 C Normal distance from load reference to 
local CP (BD) 

USPAN 

ED 5 3023 c Normalized spanwise stations for tabu- 
lated data (BD) 

USPAN 

ES 15 3028 c Normalized spanwise stations for load 
evaluation 

USPAN 

1 4301 c Scratch counter and load condition 
counter (ND) 

BLOJTL, MAXLDS 
FUSNET      | 

1 4332 c Scratch counter (ND) USPAN 

i 4340 c Scratch counter (ND) FCODM2 

1 4351 c Scratch counter (ND) BNLDS 

1 4355 c Scratch counter (ND) SPABM 

1 4364 c Scratch counter (ND) FATMG 

ID 1 4354 c Surface indicator (ND) SPABM       1 
L^' 

1 = wing (basic) 
2 = deflected flaps 
3 = horizontal tail 
4 ■ dual vertical tail 
5 = single vertial tail 
6 = T-type tail 
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TABLE 21.    COMMDN REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine | 
Reference  i 

IDUM 132 4701 C Net design load condition indicators 
(refer to Table 52) 

BLCNTL, MAXLDSJ 
WHVNET      j 

IN 4305 C Load calculation control (ND) BLCNTL 

IP 4337 c Wing type and position indicator (ND) USPAN, BNLDS, | 
SPABM       | 

J 4333 c Scratch counter (ND) USPAN       | 

J 4344 c Data point location counter (ND) C0DIM2      j 

J 4352 c Scratch counter (ND) BNLDS       1 

J 4356 c Scratch counter (ND) SPABM       j 

J 4365 c Scratch counter (ND) FATMG       1 

JJ 4345 c Data point region indicator (ND) CODIM2 

K 4334 c Scratch counter (ND) USPAN       | 

K 4341 c Scratch counter (ND) FCODM2 

K 4346 c Scratch counter (ND) CODIM2      j 

K 4353 c Scratch counter (ND) BNLDS       j 

K 4357 c Scratch counter (ND) SPABM       | 

K 4366 c Scratch counter (ND) FATMG       j 

L 4335 c Scratch counter (ND) USPAN 

L 4342 c Curve family data location counter (ND) F00DM2      j 

L 4347 c Scratch counter (ND) CODIM2      | 

L 4358 c Scratch counter (ND) SPABM       | 

L 4367 c Scratch counter (ND) FATMG 
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TABLE 21. CONMDN REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine i 
Reference  | 

M 4348 C Scratch counter (ND) C0DIM2      j 

M 4349 C Scratch counter (ND) USPAN 

j M 4359 C Scratch counter (ND) SPABM 

M 4368 C Scratch counter (ND) FAIMG 

NA 4213 C Air vehicle category indicator (ND) 
1 = fighter, F 
2 = attack, A 
3 = tactical bomber, BI 
4 = strategic bomber, BII 
5 = cargo assault, CA 
6 = cargo transport, CT 

BLCNTL, FATMG 

ND 200 4201 C Storage region for basic load controls, 
indicators, and counters (refer to 
Table S3) 

All except   j 
for ATMOS   j 

NF 1 4308 C Loads distribution calculation control 
(ND) 

-1 = all surfaces 
1 = wing only, flaps up 

BLCNTL, USPAN, 
FATMG      j 

NG 1 4361 C Scratch counter (ND) FATMG 

NHOR 1 5437 I Number of library values in the hori- 
zontal tail stress, G, temperature 
tables (SVF) 

MAXLDS 

j NI 1 4306 C Load condition grouping indicator (ND) BLCNTL, BNLDS 

NN 1 4362 c Scratch counter (ND) FATMG       \ 

NS 1 4360 c Mission segment counter (ND) FATMG 

NT 1 4336 c Surface indicator (ND) USPAN      \ 

NT 1 4350 c Surface indicator (ND) BNLDS      | 
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TABLE 21.    Cmm REGION VARIABLE LIST (CONT) 

Var 
Name Size 

i 

Conmon 
Loc Type Description 

Subroutine j 
Reference 

NVER 5451 I Number of library values in the verti- 
cal tail stress, G, temperature tables 
(SVF) 

MAXLDS 

NWING 5423 I Number of library values in the wing 
stress, G, temperature tables (SVF) 

MAXLDS 

NY 4363 C Mission segment type for DE array file 
access (ND) 

FATMG 

Nl 4343 C Number of data points describing the 
function (ND) 

C0DIM2 

N3 4338 c Curve value counter (ND) FC0DM2 

N4 4339 c Number of curve interpolations (ND) FC0DM2 

POSNZ 4402 I Maximum positive maneuver load factor 
(WLD) 

MAXLDS 

PSI 23 5273 I Ambient pressure at load conditions 
(SVF) 

BLCNTL 

RC 44 5229 c Wing content normalizing factors (refer 
to Table 54) 

BLCNTL, 
MAXLDS, 
WHVNET 

RNZ 132 5097 c Load factor nonnalizing factors (refer 
to Table 55) 

BLCNTL, 
MAXLDS, 
WHVNET 
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TABLE 21.    CONMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine  j 
Reference   | 

SAVE 132 4833 C Design airload shears and bending 
moments (refer to Table 56) 

BLCNTL, MAXLDS, 
WHVNET       | 

SAVET 66 5720 i C Design airload torques (refer to 
Table 57) 

MAXLDS, WHVNET 

SFLUX 23 5342 I Sun flux at lv d conditions 'SVF) BLCNTL 

STEMPH 23 5476 c Horizontal tail material compression 
yield strength at load conditions 

BLCNTL, MAXLDS, 
WHVNET       I 

STEMPV 23 5499 c Vertical tail material compression 
yield strength at load conditions 

BLCNTL, MAXLDS, 
WHVNET       | 

STEMPW 23 5453 c Wing material compression yield 
strength at load conditions 

BLCNTL, MAXLDS, 
WHVNET       | 

STO 6 5425 I Horizontal tail material compression 
yield strength at library 
temperatures (SVF) 

MAXLDS 

STV 6 5439 I Vertical tail material compression 
yield strength at library 
temperatures (SVF) 

MAXLDS       | 

STW 6 5411 I Wing material compression yield 
strength at library temperatures 
(SVF) 

MAXLDS 

SVF 290 5273 I Ambient condition, temperature, and 
structural component material prop- 
erty data array (refer to Table 58) 

BLCNTL, MAXLDS, 
WHVNET, FUSNET 

S80H 1 5438 I Horizontal tail material compression 
yield strength at 80° F (SVF) 

MAXLDS 

S80V 1 1 5452 I Vertical tail material compression 
yield strength at 80° F (SVF) 

MAXLDS 

S80W 1 5424 1 I Wing material compression yield 
strength at 80° F (SVF) 

MAXLDS, WHVNET 

' i 
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TABLE 21. COMMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type |         Description 

Subroutine  j 
Reference   j 

TEMPH 6 5431 I Horizontal tail material temperature, 
0F, for library values of compression 
yield strength and shear modulus 
(SVF) 

MAXLDS 

[TEMPV 6 5445 I Vertical tail material temperature, 
0F, for library values of compression 
yield strength and shear modulus 
(SVF) 

MAXLDS      ''' 

TEMPW 6 5417 I Wing material temperature, 0F, for 
library values of compression yield 
strength and shear modulus (SVF) 

MAXLDS 

TLOCAL 23 5296 I Ambient temperature at load condi- 
tions, 0R (SVF) 

BLCNTL 

TSKINF 23 5388 I Equilibrium structure temperature at 
load conditions, 0F (SVF) 

BLCNTL, WHVNET 
M/ULDS, FUSNET 

TSKINR 23 5365 I Equilibrium structure temperature at 
load conditions, 0R (SVF) 

BLCNTL 

TTOTAL 23 5319 I Total temperature at load conditions, 
0R (SVF) 

BLCNTL 

T2G 11 4426 I Wing net torque at 2g taxi at MDW 
for wing fixed or forward 

MAXLDS       \ 

VT 1 2966 C Vertical tail identification (BB) 
5 = single tail 
6 = dual tail 
7 = T-type tail 

USPAN 

VH 11 4635 I Horizontal tail content 1 g inertia 
shear (WLD) 

MAXLDS       | 

W 11 4668 I Vertical tail content 1 g inertia 
shear (WLD) 

MAXLDS       \ 

VW2 11 4470 I  1 Wing only 1 g inertia shear for 
wings fixed or forward (WLD) 

MAXLDS 
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TABLE 21. CONMDN REGION VARIABLE LIST (CONCL) 

j Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

V12 11 4536 Wing and content ^1 g inertia shear at 
BFDW for wings fixed or aft (WLD) 

MAXLDS      1 

|v2G 11 4404 Wing net shear at 2 g taxi at MDW for 
wings fixed or forward (WLD) 

MAXLDS 

V21 11 4503 Wing and content 1 g inertia shear at 
MDW for wings fixed or forward (WLD) 

MAXLDS      | 

V22 11 4569 Wing and content 1 g inertia shear at 
BFDW for wings fixed or forward (WLD) 

MAXLDS 

V23 
i; 

i 

11 4602 Wing and content 1 g inertia shear at 
LEW for wings fixed or forward (WLD) 

MAXLDS      i 

WLD 300 4401 Structural component normalized iner- 
tia loads array (refer to Table 59) 

BLCNTL, MAXLDS 

XMACH 23 3604 C Vehicle mach number at load 
conditions (BO) 

BLCNTL      | 

XNET 132 4965 C Net design loads array normalized to 
room temperature reference (refer to 
Table 60) 

BLCNTL, MAXLDSJ 
WHVNET      1 

XNEGNZ 1 4403 I Maximum negative maneuver load 
factor (WLD) 

MAXLDS 

YA 5 2993 C Subsonic lift curve slope parameter 
(BD) 

USPAN       | 

YB 20 2998 c Spanwise loading parameters versus 
taper ratios and span stations (BD) 

USPAN       j 

YC 5 3018 c Spanwise loading parameter versus 
span stations (BD) 

USPAN       | 

YS 15 3043 c Interpolated or unitized spanwise 
loading parameter at load evaluation 
stations (BD) 

USPAN 
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TABLE 22.    BB ARRAY VARIABLES 

Subroutine     i 
LOG Description Reference       j 

i       1 Vehicle weight, lb BLCNTL, BNLDS, 
FA1MG, M/VXLDS   | 

2 Vehicle CG, fuselage station, in. BLGNTL, BNLDS    I 

3 Vehicle pitch inertia, slug-ft BLGNTL, BNLDS 

1       4 Vehicle yaw inertia, slug-ft BLCNTL, BNLDS   | 

5 Flap deflection, deg BLCNTL, USPAN, 
BNLDS, SPABM 

6 Vehicle vertical load factor BLCNTL, BNLDS   ! 

7 Vehicle pitch acceleration, rad/sec BLGNTL, BNLDS 

8 Vehicle yaw acceleration, rad/sec BLCNTL, BNLDS 

9 Vehicle altitude BLCNTL, BNLDS, 
SPABM, FATMG, 
FUSNET                 j 

10 Vehicle mach nunber, also FORTRAM symbol CMN BLCNTL, BNLDS, 
USPAN, SPABM, 
FATMG, FUSNET   | 

11 Fuselage identification = Ü.Ü BLCNTL                 j 

12 Wing identification 

1 ■ fixed wing 
2 = variable sweep wing, forward position 
3 ■ variable ?weep wing, aft position 

BLGNTL, USPAN, 
FATMG 

13 Horizontal tail identification «4.0 BLGNTL, SPABM   | 

14 Vertical tail identification/also FORTRAN symbol VT 

5 ■ single tail 
6 = dual tail 
7 = T-type tail 

BLGNTL, SPABM, 
USPAN 
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TABLE 22.    BB ARRAY VARIABLES  (CONCL) 

Loc Description 
Subroutine 
Reference 

15 

16 

17 

18 

19 

19 

20 

Partial load condition designation - vehicle class and 
condition number 

Vehicle mach number at previous load condition 

Swept 6X-station of wing CP at wing-body interface, 
in. 

Swept 6X-station of flap increment CP at 
wing-body interface, in. 

Swept 6X-station of horizontal tail CP at horizontal 
tail-body interface, in. 

Unit airload bending moment unswept at side of 
fuselage from segment 1  for use in segment 11 

Swept 5X-station of vertical tail CP at vertical 
tail body interface, in. 

Unit airload bending moment swept at outboard station 
from segment 1 for use in segment 11 

BLCNTL 

BLCNTL 

USPAN 

USPAN 

USPAN 

FATMG 

USPAN 

FATMG 

NOTE: BB array starts at common location 2953. 
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TABLE 23. BC ARRAY VARIABLES 

Loc Description 
Subroutine 
Reference 

1 Maximun design weight (NIDW), lb BLCNTL, MAXLDS 

2 Vehicle X-CG with wings forward at MEW, fuselage 
station, in. 

BLCNTL, MAXLDS 

1  3 
Vehicle X-CG with wings afl ic MDW, fuselage 
station, in. 

BLCNTL 

4 Basic flight design weight (BFDW), 
(MIL-A-008860A, para 6.2.1.3), lb 

BLCNTL 

5 Vehicle X-CG with wings forward at BFDW, fuselage 
station, in. 

BLCNTL, MAXLDS 

6 Vehicle X-CG with wings aft at BFDW, fuselage 
station, in. 

BLCNTL, MAXLDS 

7 Vehicle pitch inertia with wings forward at BFDW, 
slug-ft2 

BLCNTL 

8 Vehicle pitch inertia with wings aft at BFDW, 
slug-ft2 

BLCNTL 

1  9 Vehicle yaw inertia with wings forward at BFDW, 
slug-ft2 

BLCNTL 

|  10 Vehicle yaw inertia with wings aft at BFDW, 
slug-ft2 

BLCNTL      | 

11 Landing design weight (LDW), 
(MIL-A-008860A, para 6.2.1.5), lb 

BLCNTL      i 

12 Vehicle X-CG with wings forward at LDW, 
fuselage station, in 

BLCNTL, MAXLDS 

1  13 Positive maneuver load factor (+NZ) at BFDW 
-subsonic (MIL-A-008861A, Table 1) 

BLCNTL, FATMG 

14 Positive maneuver load factor (+NZ) at BFDW 
-supersonic (MIL-A-Ü08861A, Table 1) 

BLCNTL      | 

1 
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TABLE 23.    BC ARRAY VARIABLES (CONT) 

Subroutine 
Loc Description Reference      j 

1    15 Negative maneuver load factor (-Nz) at BFOV 
(MIL-A-008861A, Table 1) 

BLCNTL                | 

16 Flaps down maneuver load factor (+NZ) 
(MIL-A-008861A, para 3.19.3) 

BLCNTL                | 

i    17 2 
Pitching acceleration at ML for BFDW, rad/sec" BLCNTL                 j 

|    18 Yawing acceleration at M^ for 3FDW, rad/sec BLCNTL                 1 

1    19 Altitude at point 1 on speed profile with wing 
fixed or aft, ft 

BLCNTL                 j 

20 Altitude at point 2 on speed profile with wing 
fixed or aft, ft 

BLOTL 

21 Altitude at point 3 on speed profile with wing 
fixed or aft, ft 

BLCNTL 

22 Level-flight maximun speed (M^) at altitude 1 
with wing fixed or aft, Mach number 

BLCNTL                 | 

23 Level-flight maximun speed (Nip at altitude 2 
with wing fixjd or aft. Mach number 

BLCNTL 

24 Level-flight maximun speed (M^) at altitude 3 
with wings fixed or aft. Mach nunber 

25 Altitude at point 1 on speed profile with wings 
forward (var sweep only), ft 

BLCNTL 

26 Altitude at point 2 on speed profile with wings 
forward (var sweep only), ft 

BLCNTL 

27 Altitude at point 3 on speed profile with wings 
forward (var sweep only), ft 

28 Level-flight maximun speed (K^j) at altitude 1 
with wings forward. Mach nunber 

BLCNTL                 | 

29 Level-flight maximun speed (N^) at altitude 2 
with wings forward, Mach nunber 

BLCNTL                 I 
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TABLE 23.    BC ARRAY VARIABLES (CONT) 

Loc Description 

30 Level-flight maximum speed (M^) at altitude 3 
with wings forward, mach number 

31 Minimum speed flaps up (Vso) at ^EW 
(MIL-A-0Ü886ÜA, para 6.2.2), knots 

32 Minimum speed flaps down (VSL) at LDIV 
(MIL-A-0Ü8860A, para 6.2.2), knots 

33 Distance from X-reference point to body nose, in. 

34 Lfcngth of nose, in. 

35 Nose volune, in.3 

36 Equivalent maximun nose radius, in. 

37 Body half-width at wing-body interface, in. 

38 Wing leading edge sweep (wing fixed or aft), deg 

39 Wing reference axis sweep (wing fixed or aft), deg 

4U     Wing leading edge apex (wing fixed or aft), 
fuselage station, in. 

41 Wing chcrd at apex (wing fixed or aft), in. 

42 Wing taper ratio (wing fixed or aft) 

43 Wing aspect ratio (wing fixed or aft) 

2 
44 Wing area (wing fixed or aft), ft 

45 Wing span (wing fixed or aft), ft 

46  Wing span station 1 for weight analysis 
(wing fixed or aft), in. 

Outboard to 

Subroutine 
Reference 

BLCNTL 

BLCNTL 

BNLDS 

BNLDS 

BNLDS 

BNLDS 

USPAN, SPAEM 

USPAN 

USPAN, SPABM 

BNLDS, FUSNET 

USPAN 

USPAN 

USPAN 

BNLDS, FABIG 

USPAN, BNLDS, 
SPABM, FAIMG 

USPAN 
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TABLE 23. BC ARRAY VARIABLES (OONT) 

Lac Description 
Subroutine 
Reference 

56 Wing span station 11 for weight analysis 
(wing fixed or aft), in. 

57 Fraction of chord (X/C) of wing reference axis 
(wing fixed or aft) 

58 Not used 

68 Not used 

69 Wing leading edge sweep 
(wing forward, variable sweep only), deg 

70 Wing reference axis sweep 
(wing forward, variable sweep only), deg 

71 Wing leading edge apex (wing forward, 
variable sweep only), fuselage station, in. 

72 Wing chord at apex (wing forward, 
variable sweep only), in. 

73 Wing taper ratio (wing forward, variable sweep only) 

74 Wing aspect ratio (wing forward, variable sweep only) 

2 
75 Wing area (wing forward, variable sweep only), ft 

76 Wing span (wing forward, variable sweep only), ft 

77     Wing span station i for weight analysis (wing forward, 
variable sweep only), in. 

Outboard to 

87     Wing span station 11 for weight analysis (wing 
forward, variable sweep only), in 

USPAN 

USPAN 

USPAN 

USPAN, SPA»1 

BNLDS,  FUSNET 

USPAN 

USPAN 

USPAN 

BNLDS, FATMG 

USPAN, BNLDS, 
SPAEM, FATMG 

USPAN 

USPAN 
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TABLE 23. BC ARRAY VARIABLES (COOT') 

Subroutine  | 
Loc Description Reference 

1 88 
Fraction of chord (X/C) of reference axis 
(wing forward, variable sweep only) 

USPAN       1 

i 89 Not used 

1 99 Not used ,                  ; 

100 Wing station (Ypi) of inboard end of flap 
(wing fixed or forward), in. 

USPAN 

101 Wing station (Yj^) of outboard end of flap 
(wing fixed or forward), in. 

USPAN 

102 Fraction of chord (Cp/C) of flap chord 
(wing fixed or forward) 

USP/N, BNLDS 

103 Required flap deflection 
(wing fixed or forward), deg 

BLCNTL 

104 Z-distance from vertical tail root to 
horizontal tail plane, in. 

SPABM 

105 Horizontal tail leading edge sweep, deg USPAN 

106 Horizontal tail reference axis sweep, deg USPAN, SPABM 

107 Horizontal tail leading edge apex, 
fuselage station, in. 

BNLDS, MAXLPS 

108 Horizontal tail chord at apex, in. USPAN, MAXLDS i 

109 Horizontal tail taper ratio USPAN 

110 Horizontal tail aspect ratio USPAN 

111 
2 

Horizontal tail area, ft BNLDS 

112 Horizontal tail span, ft USPAN, SPABM 
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TABLE 23. BC ARRAY VARIABLES (CONT) 

Subroutine     j 
Loc Description Reference      j 

113 Body half-width at horizontal-body interface, in. USPAN, s?m   1 

114 Horizontal tail span station 1 for weight 
analysis, in. 

USPAN                 | 

• Outboard to 

124 Horizontal tail span station 11 for weight 
analysis, in. 

USPAN                 j 

125 Fraction of chord (X/C) of horizontal tail 
reference axis 

IiSPAN                  | 

126 Not used 

136 Not used 

137 Vertical tail leading edge sweep, deg USPAN                  | 

138 Vertical tail reference axis sweep, deg USPAN, SPABN     1 

139 Vertical tail leading edge apex, fuselage station, in. BNLDS, MAXLDS   | 

140 Vertical tail chord at apex, in. USPAN, MAXLPS   \ 

141 Vertical tail taper ratio USPAN                  | 

142 Vertical tail aspect ratio USPAN                  | 

143 Vertical tail area, ft2 BNLITS                  \ 

[  144 Vertical tail span, ft USPAN, SPABM    | 

145 Z-distance vertical tail root to vertical 
tail-body interface, in. 

USPAN, SPAEM 

146 Vertical tail span station 1 for weight analysis, in. USPAN 
1 

* Outboard to 

I 
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TABLE 23. BC ARRAY VARIABLES (CONT) 

Loc Description 
Subroutine 
Reference 

156 I Vertical tail span station 11 for weight analysis, in. 

157 |Fraction of chord (X/C) of vertical tail reference 
axis 

158 | Z-coordinate of vertical tail root, in. 

159 I Not used 
To 

162 |Not used 

163 |Carryover lift reduction factor - wing 

164 [Carryover lift reduction factor - horizontal tail 

165 ICarrover lift reduction factor vertical tail 

166 I Limit speed (MiJ at altitude 1 with wings fixed 
or aft, mach number 

167 | Limit speed (Ny at altitude 2 with wings fixed 
or aft, mach number 

168 | Limit speed (ML,) at altitude 3 with wings fixed 
or aft» mach number 

169 | Air vehicle service life, hours 

170 I Air vehicle service landings, number of landings 

171 | Unswept wing outboard station for fatigue 
evaluation, in. 

172 | Weight ratio 1 (Wl/Wbp) for which inertia 
moment is calculated 

173 | Weight ratio 2 (W2/W0p) for which inertia 
moment is calculated 

174 | Weight ratio 3 fWj/Wop) for which inertia 
moment is calculated 

175 | Unswept moment at side of body per unit load factor, 
at weight ratio 1, for wing fixed or aft, in.-lb 

USPAN 

USPAN 

BNLDS 

BLCNTI. 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

FA'IMG 

FATMG 

FATMG 

FATMG 

FATMG 

FATMG 

FATMG 
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TABLE 23.    BC ARRAY VARIABLES (OONT) 

Loc Description 
Subroutine 

1  Reference 

176 Unswept moment at side of body per unit load factor, 
at weight ratio 2,  for wing fixed or aft, in.-lb 

FAIMG 

1 177 Unswept moment at side of body per unit load factor, 
at weight ratio 3, for wing fixed or aft, in.-lb 

FATMG 

178 Swept moment at outboard station per unit load factor, 
at weight ratio 1, for wing fixed or aft, in.-lb 

FATMG       1 

179 Swept moment at outboard station per unit load factor, 
at weight ratio 2, for wing fixed or aft, in.-lb 

FATTIG 

180 Swept moment at outboard station per unit load factor, 
at weight ratio 3, for wing fixed or aft, in.-lb 

FATMG 

1 

181 Unswept moment at side of body per unit load factor, 
at weight ratio 1, for wing forward (variable sweep 
only), in.-lb 

FATMG 

182 Unswept moment at side of body per unit load factor, 
at weight ratio 2, for wing forward (variable sweep 
only), in.-lb 

FATMG 

183 Unswept moment at side of body per unit load factor, 
at weight ratio 3, for wing forward (variable sweep 
only), in.-lb 

FATMG 

184 Swept moment at outboard station per unit load factor, 
at weight ratio 1, for wing forward (variable sweep 
only), in.-lb 

FAT>G 

185 Swept moment at outboard station per unit load factor, 
at weight ratio 2, for wing forward (variable sweep 
only), in.-lb 

FATMG 

186 Swept moment at outboard station per unit load factor, 
at weigat ratio 3, for wing forward (variable sweep 
only), in.-lb 

FATMG       j 

187 Take off weight (WQF) for fatigue, lb FATMG       i 
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TABLE 23. BC ARRAY VARIABLES (CONCL) 

Loc 

188 

189 

200 

Description 

Landing weight (WLp) for fatigue, lb 

Not used 

Not used 

Subroutine 
Reference 

FA1MG 

NOTE:    BC array starts at common location 2758. 
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TABLE 24.    BO ARRAY VARIABLES 

Loc 
Engrg 
Symbol Description Subroutine    j 

Reference 

1      1 
ACNWV Condition identification code 

A   ■   Air vehicle class 

1 »    fighter 
2 =   attack 
3 -   BI 
4 -   BI1 
5 -   CA 
6 »   CT 

CN   =   Condition nunber (1 - 23) 

W   ■   Wing indicator 

1 '   fixed wing 
2 a   variable sweep wing - forward 
3 »   variable sweep wing - aft 

V   *   Vertical tail indicator 

5 ■   single tail 
6 =   dual tail 
7 «   T-type tail 

BLCNTL, BNLDS, 
SPABM                 | 

2 AOiF Fuselage identification   F   =   0.0 BLCNTL               | 

3 PZN Nose lift, lb BNLDS, FUSNET 

1       4 P
YN Lateral load on nose, lb BNLns            ; 

i       5 h X-coordinate of nose lift CP, in. BNLDS, FUSNET 

1       6 P
ZW(B)/2 Wing lift in presence of body (outer 

panel) per side, lb 
BNLDS, FUSNET 

7 YWCB) Y-coordinate of wing lift in presence 
of body, in. 

BNLDS, FUSNET 

i        8 %(B) X-coordinate of wing lift in presence 
of body, in. 

BNLDS, FUSNET 
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TABLE 24. BO ARRAY VARIABLES (GONT) 

j Engrg Subroutine 
Loc Symbol Description Reference  j 

i  9 P
ZB(W) Body lift in presence of wing, lb BNLDS, FUSNET | 

10 XB(W) X-coordinate of body lift, in. BNLDS, FUSNET j 

1 11 PZH/2 Horizontal tail lift per side, lb BNLDS, SPABM, \ 
FUSNET      1 

1 12 YH Y-coordinate of horizontal tail lift, in. BNLDS, SPABM, | 
FUSNET      I 

13 % X-coordinate of horizontal tail lift, in. BNLDS, FUSNET | 

1 14 
ANXI, Unsymmetrical horizontal tail rolling 

moment, in.-lb 
BNLDS       | 

15 PYV Lateral load on vertical tail per vehicle. BNLDS, FUSNET, 
lb SPABM 

16 ^V Z-coordinate of vertical tail load, in. BNLDS, FUSNET | 

17 Xy X-coordinate of vertical tail load, in. BNLDS, FUSNET | 

18 Nz Vehicle vertical load factor BLCNTL, BNLDS, 
MAXLDS, FUSNET 

19 NY Vehicle lateral load factor BNLDS, MAXLDS, 
FUSNET 

20 
• 

Q Vehicle pitch acceleration, rad/sec BNLDS, MAXLDS, 
FUSNET      | 

21 R 
7 

Vehicle yaw acceleration, rad/sec'* BNLDS, MAXLDS, 
FUSNET      | 

22 ACNW Wing identification BLCNTL      | 

23 YBW Body half width at wing-body interface, in. SPABM       | 

24 SZW(B) Wing shear at wing-body interface, lb SPABM       | 

120 

■ , - ■ *—-'' 

4; 



TABLE 24. BO ARRAY VARIABLES (CONT) 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference  j 

! 25 N1XW(B) 
Moment at wing-body interface SPABM, BLCNTL I 
(unswept), in.-lb 

1 26 
VB) Torque at wing-body interface 

(unswept), in.-lb 
SPAEM 

27 Y 
AW1 

Swept wing station at tip, in. SPABM 

28 szwi Shear at swept tip station, lb SPABM 

29 
^"XAIVI 

Moment at swept tip station, in.-lb SPABM 

30 KWl Torque at swept tip station, in.-lb SPABM 

31 Y\2 
Swept wing station 11 for weight 
analysis, in. 

SPABM 

32 SZW2 
Shear at swept wing station 11, lb SPAEM, MAXLDS 

33 "mz Moment at swept wing station 11, in.-lb SPABM, MAXLPS 

34 %M Torque at swept wing station 11, in.-lb SPABM, MAXLDS 

• Inboard to 

67 YAW11 
Swept wing station 2 for weight 
analysis, in. 

SPABM 

68 SZW11 
Shear at swept wing station 2, lb SPABM, MWCLDS 

69 N1XA11 
Moment at swept wing station 2, in.-lb SPABM, MAXLDS, 

BLCNTL      i 

70 ^VAII 
Torque at swept wing station 2, in.-lb SPABM, MAXLDS 

71 YAW12 
Swept wing station 1 for weight analyiis, 
in. 

SPABM 

72 SZW12 
Shear at swept wing station 1, lb SPAEM, MAXLDS j 

73 N1XA12 
Moment at swept wing station 1, in.-lb SPABM, MAXLDS | 
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TABLE 24. BO ARRAY VARIABLES (CONT) 

Loc 
Engrg 
Symbol 

r ~——~  

Description 
Subroutine 
Reference 

!    74 NVA12 
Torque at swept wing station 1, in.-lb SPABM, MAXLDS    | 

75 ACNH Horizontal tail identification 

H   =    4.0 

BLCNTL, SPABM 

76 Y 
BH 

Body half width at horizontal tail-body 
interface, in. 

SPABM                   | 

77 SZH(B) 
Horizontal tail shear at tail-body 
interface, lb 

SPABM                   | 

78 
NftKB) 

Moment at horizontal tail-body interface 
(unswept), in.-lb 

SPABM 

79 VB) Torque at horizontal tail-body interface 
(unswept), in.-lb 

SPABM 

80 Y 
AH1 

Swept horizontal tail station at tip, in. SPABM 

81 S2H1 
Shear at swept tip station, lb SPABM 

82 ^SCAHI Moment at swept tip station, in.-lb SPABM                   | 

83 
^il 

Torque at swept tip station, in.-lb SPABM 

84 Y 
AH2 

Swept horizontal tail station 11 for 
weight analysis, in. 

SPABM                   1 

85 S2HZ 
Shear at swept horizontal tail 
station 11, lb 

SPABM, MAXLDS 

86 N,XAH2 
Moment at swept horizontal tail 
station 11, in.-lb 

SPABM, MAXLDS    I 
li 

87 NWi2 Torque at swept horizontal tail station 11, 
in.-lb 

Inboard to 

SPABM, MAXLDS    | 

124 YAH12 
Swept horizontal tail station 1 for 
weight analysis, in. 

SPABM                   | 
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TABLE 24. BO ARRAY VARIABLES (CONT) 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference 

125 SZH12 
Shear at swept horizontal tail station 1, 
lb 

SPABM, MAXLDS 

126 

i 

N1XAH12 
Moment at swept horizontal tail station 1, 
in.-lb 

SPABM, MAXLDS 

127 NIYAI112 
Torque at swept horizontal tail station 1, 
in.-lb 

SPABM, MAXLDS 

128 ACNV Vertical tail identification 

V   =   5, single tail 
6, dual tail 
7, T-type tail 

BLCNTL, SPABM 

129 ZBV Z-distance vertical tail root to vertical 
tail-body interface, in. 

SPABM 

150 SYV(B) 
Vertical tail shear at tail-body interface, 
in. 

SPABM                 | 

131 N,XV(B) 
Moment at vertical tail-body interface, 
(unswept), in.-lb 

SPABM 

132 N,ZV(B) 
Torque at vertical tail-body interface, 
(unswept), in.-lb 

SPABM                 | 

133 ZAV1 
Swept vertical tail station at tip, in. SPABM 

134 swi Shear at tip station, lb SPABM                 j 

135 NWl Moment at tip station, in.-lb SPABM 

136 "zvi Torque at tip station, in.-lb SPAEM                | 

137 ZAV2 
Swept vertical tail station 11 for 
weight analysis, in. 

SPABM                j 

138 
^2 

Shear at swept vertical tail station 11, lb SPABM, MAXLDS 

139 N1XAV2 
Moment at swept vertical tail station 11, 
in.-lb 

SPABM, MAXLDS 
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TABLE 24. BO ARRAY VARIABLES (CONT) 

1 L0C 
Engrg 
Symbol Description 

Subroutine  ! 
Reference 

140 M 
ZAV2 

Torque at swept vertical tail station 11, 
in.-lb 

Inboard to 

SPABM, MAXLDS 

|  177 ZA12 
Swept vertical tail station 1 for weight 
analysis, in. 

SPABM      | 

|  178 SYV12 
Shear at swept vertical tail section 1, lb SPABM, MAXLDS 

179 N1XAV12 
Moment at swept vertical tail station 1, 
in,-lb 

SPABM, MAXLDS 

180 M 
ZAV12 

Torque at swept vertical tail station 1, 
in.-lb 

SPABM, MAXLDS 

| l81 MDW Maximum design weight, lb MAXLDS      j 

\     182 BFDW Basic flight design weight, lb MAXLDS      j 

183 Total fuel at MDW, lb MAXLDS      | 

184 Incremental fuel expended fron MDW to 
BFDW, lb 

MAXLDS      j 

185 Incremental payload expended from MDW 
to BFDW, lb 

MAXLDS 

186 Wing structure temperature, 0F MAXLDS      | 

187 Horizontal tail structure temperature. 0F MAUDS 

188 Vertical tail structure temperature, 0F MAXLDS      j 

189 Not used 

200 Not .used 
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TABLE 24. BO ARRAY VARIABLES (CONCL) 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference 

201 

223 

223 

224 

246 

247 

620 

Altitude at load condition 1, ft 

To 

Altitude at load condition 23, ft 

Mach number at load condition 1 

To 

Mach number at load condition 23 

Not used 

To 

Not used 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

NOTE 

1. BO array starts at common location 3381 

2. This table does not apply to variables as they are used in subroutine 
FAIMG. For subroutine FAIMG variables, refer to Table 75. 
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TABLE 25. BU ARRAY VARIABLES 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference 

10 

11 

CLaW 

Si .!(B)A 

W(B)A 

LX
W(B)A 

A Y 
B(W)A 

US 
W(SOB) 

lJMXW(S0B) 

^(S SOB) 

•wi 

'W2 

rW3 

Wing lift curve slope, per 
radian 

Fraction of wing shear on out- 
board panel in presence of body 

Y-coordinate of wing outboard 
panel lift in presence of body, 
in. 

X-distance (.from lea' ig edge 
apex) to wing outboard panel 
lift in presence of body, in. 

X-distance (from leading edge 
apexj to body lift in presence 
of wing, in. 

Shear at wing-body interface 
due to unit panel lift, lb/lb 

Moment at wing-body interface 
(unswept) due to unit panel 
lift, in.-lb/lb 

Torque at wing-body interface 
(unswept) due to unit panel 
lift, in,-lb/lb 

Fraction of semispan at 
tip (1.0) 

Fraction of semispan of wing 
span station 11 for weight 
analysis 

Fraction of semispan of wing 
span station 10 for weight 
analysis 

To 

USPAN, BNLDS, FAIMG 

USPAN, BNLDS, SPABM 

USPAN, BNLDS 

USPAN, BNLDS 

USPAN, BNLDS 

USPAN, SPABM 

USPAN, SPABM, FATMG 

USPAN, SPABM 

USPAN, SPABM, FATMG 

USPAN, SPABM, VATMG 

USPAN, SPABM, FATMG 
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TABLE 25. BU ARRAY VARIABLES (CONT) 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference 

20 

21 

22 

34 

35 

47 

48 

60 

61 

62 

lW12 

''WIS 

USW1 

USV 

UM 

VI3 

XW1 

SfCB)? 

Fraction of semispan of wing 
span station 1 for weight 
analysis 

Fraction of semispan at 
root (0.0) 

Shear at wing tip due to 
unit panel lift, lb/lb 

Shear at wing root due to 
unit panel lift, lb/lb 

Moment at wing tip (swept) due 
to unit panel lift, in.-lb/lb 

To 

Moment at wing root (swept) due 
to unit panel lift, in.-lb/lb 

Torque at wing tip (swept) due 
to unit panel lift, in.-lb/lb 

To 

Torque at wing root (swept) due 
to unit panel lift, in.-lb/lb 

Normalizing factor for 
deflected flap load 
distribution 

Fraction of wing shear on out- 
board panel due to deflected 
flap 

USPAN, SPABM, FATMG 

USPAN, FATMG 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM, FATMG 

USPAN, SPABM, FAB1G 

USPAN, SPABM 

USPAN, SPABM 

USPAN, BNLDS 

USPAN, BNLDS, 
SPABM 
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Loc 

63 

64 

65 

66 

67 

68 

69 

81 

82 

Kngrg 
Symbol 

Y, 
W(B)F 

AXV .VfB)F 

AXB(W]F 

US 
^(SOB) 

lUM.P 
F(SOB) 

^T, SOB) 

US 
Fl 

USF13 

""XFI 

TABLE 25.    BU ARRAY VARIABLES (CONTT) 

Description 

Y-coordinate of wing outboard 
panel lift due to deflected 
flap,  in. 

X-distance  [from leading edge 
apex) to wing outboard panel 
lift due to deflected flap,  in. 

X-distnce  (from leading edge 
apex)  to tody lift due to 
deflected flap,  in. 

Shear at wing- body interface 
due to unit panel lift from 
deflected flaps,  lb/lb 

Moment at wing-body interface 
lunswept) due to unit panel 
lift from deflected flaps, 
in.-lb/lb 

Shear at wing tip due to unit 
panel lift from deflected 
flaps,  lb/lb 

To 

Shear at wing root due to unit 
panel lift from deflected 
flaps, lb/lb 

Moment at wing tip (swept) due 
to unit panel lift from 
defelccted flaps, in.-lb/lb 

Subroutine 
Reference 

USPA\, BNLDS 

USPAN, BNLDS 

USPAN, BNLDS 

USPAN, SPABM 

USPAN, SPABM 

Torque at wing-body interface    USPAN, SPABM 
(unswept) due to unit panel lift 
from deflected flaps, in.-lb/lb 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 
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TABLE 25. BU ARRAY VARIABLES (CONT) 

Loc 

94 

95 

107 

108 

109 

110 

111 

112 

113 

114 

Engrg 
Symbol 

«x: F13 

UNV Fl 

*V P13 

LoH 

\ 

AXH 

us, 
H(SOB) 

%!( SOB) 

^(SOB) 

Description 

Moment at wing root (swept) 
due to unit panel lift from 
deflected flaps, in.-lb/lb 

Torque at wing tip (swept) 
due to unit panel lift from 
deflected flaps, in.-lb/lb 

To 

Torque at wing root (swept) 
due to unit panel lift from 
deflected flaps, in.-lb/lb 

Horizontal tail lift curve 
slope, per radian 

Fraction of horizontal tail 
lift on outboard panel 

Y-coordinate of horizontal tail 
lift (total), in. 

X-distance (from leading edge 
apex) to horizontal tail lift 
(total), in. 

Shear at horizontal tail-body 
interface due to unit panel 
lift, lb/lb 

Moment at horizontal tail-body 
interface (unswept) due to 
unit panel lift, in.-lb/lb 

Torque at horizontal tail-body 
interface (unswept) due to 
unit panel lift, in.-lb/lb 

Subroutine 
Reference 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 

USPAN, BNLDS 

USPAN, BNLDS, SPABM 

USPAN, BNLDS 

USPAN, BNLDS 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 
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TABLE 25.    BU .ARRAY VARIABLES (CONT) 

1 Loc 
Engrg 
Symbol 1       Description 

Subroutine 
Reference    i 

115 nHl 
Fraction of semispan at 
horizontal tail tip (1.0) 

USPAN, SPABM      | 

i 116 nH2 
Fraction of semisprin at 
horizontal tail span station 11 
for weight analysis 

USPAN, SPABM      j 

• To 

1 126 
'H12 

Fraction of semispan at 
horizontal tail span station 1 
for weight analysis 

USPAN, SPABM      ! 

127 
''HIJ 

Fraction of semispan at hori- 
zontal tail root station (0.0) 

USPAN 

12S USH1 
Shear at horizontal tail tip due 
to unit panel lift, lb/lb 

USPAN, SPABM      j 

1  * To 

j 140 USH13 
Shear at horizontal tail root 
due to unit panel lift, lb/lb 

USPAN, SPABM      j 

141 
«XHl 

Moment at horizontal tail tip 
(swept) due to unit panel 
lift, in.-lb/lb 

USPAN, SPABM 

!    • To 

153 
'«XHU 

Moment at horizontal tail root  i 
(swept) due to unit panel 
lift, in.-lb/lb 

USPAN, SPABM      | 

154 
""VHI 

Torque at horizontal tail tip 
(swept) due to unit panel 
lift, in.-lb/lb 

USPAN, SPABM      j 

To 
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TABLE 25. BU ARRAY VARIABLES (CONT) 

Loc 
Engrg 
Symbol Description 

Subroutine 
Reference 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

185 

"«VH 13 

YBV 

VB) 

% 

^ 

US, 
'V(SOB) 

UK ScVCSOB) 

UN Vl'CSOB) 

'Vl 

'V2 

'^2 

Torque at horizontal tail root 
(swept) due to unit panel lift, 
in.-lb/lb 

Vertical tail lift curve slope, 
per radian 

Fraction of vertical tail load 
on exposed panel 

Z-distance to vertical tail 
load measured from root, in. 

X-distance (from leading edge 
apex) to vertical tail load, in. 

Shear at vertical tail-body 
interface due to unit surface 
load, lb/lb 

Moment at vertical tail-body 
interface (unswept) due to 
unit surface load, in.-lb/lb 

Torque at vertical tail-body 
interface (unswept) due to 
unit surface load, in.-lb/lb 

Fraction of span at vertical 
tail tip (1.0) 

Fraction of span at vertical 
tail span station 11 for 
weight analysis 

To 

Fraction of span at vertical 
tail span station 1 for 
weight analysis 

131 

USPAN, SPABM 

USPAN, BNLDS 

USPAN 

USPAN, BNLDS 

USPAN, BNLDS 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 

USPAN, SPABM 
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TABLE 25.    BU ARRAY VARIABLES (CÜNCL) 

Engrg Subroutine 

1 L0C 
I  Symbol Description i   Reference     | 

1 18b 
"vis 

Fraction of span at vertical USPAN 
tail root station (0.0) 

187 rv! Shear at vertical tail tip, due USPAM, SPABM 

|     ■ 

to unit surface load, lb/lb 

To 

Shear at vertical tail root 
due to unit surface load, 

199 l,svi3 
USPAN, SPABM 

lb/lb 

200 lMXVl 
Moment at vertical tail tip USPAN, SPABM 
(swept) due to unit surface 
load, in.-lb/lb 

• To 

212 Mmz Moment at vortical tail root USPAN, SPABM       l. 
(swept) due to unit surface 

t                         1 

load, in.-lb/lb 

213 mzn Torque at vertical tail tip USPAN, SPABM 
(sweptj due to unit surface 

t 

load, in.-lb/lb 

'Vn 

225 UNI 
ZV13 

10 

Torque at vertical tail root USPAN, SPABM       j 
(swept) due to unit surface    i 
load, in.-lb/lb 

226 PZW(B)A 
Wing lift in presence of body 
due to angle of attack, lb 

BNLDS, SPABM      j 

227 PZW(B)F 
Wing lift in presence of body 
due to flap deflection, lb     \ 

BN1.ÜS, SPABM       j 

228 
":ii 

Horizontal tail lift normal    1 BNI.DS, SPABM       ! 
to planform, lb             i 

NOTE BU array star ts at common location 3153 
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TABLE 26.    DB ARRAY, SUBSONIC AERODYNAMIC DATA 

Loc Value 
Engrg 
Symbol Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

685 

686 

853 

0.0 

15.0 

30.0 

45.0 

60.0 

75.0 

1.5 

2.5 

3.5 

4.5 

6.0 

8.0 

10.0 

1.355 

1.270 

0.0335 

0.0240 

AB- 

AB3 
AB4 

AB5 

AB6 
BA/K1 

BA/K2 

BA/K3 

BA/K4 

BA/K5 

BA/K6 

BA/K7 

C«C/CLCAV 

c«c/cLcAV 
BCLa/K 

BCLa/K 

Compressible sweep parameter 1, deg 

Compressible sweep parameter 2, deg 

Compressible sweep parameter 3, deg 

Compressible sweep parameter 4, deg 

Compressible sweep parameter 5, deg 

Compressible sweep parameter 6, deg 

Aspect ratio parameter 1 

Aspect ratio parameter 2 

Aspect ratio parameter 3 

Aspect ratio parameter 4 

Aspect ratio parameter 5 

Aspect ratio parameter 6 

Aspect ratio parameter 7 

Spanwise loading parameter at BA/K., AB , T? , x. 

Refer to Table 27 for complete spanwise 

loading parameter values. 

Spanwise loading parameter at A/K , AB , 17., \. 

Lift-curve slope parameter at BA/K., AB., X , per 
degree 

Refer to Table 28 for complete lift-curve 

slope parameter values. 

Lift-curve slope parameter at BA/ 
degree 

/VB6, X4, per 

NOTE 

1. DB array starts at common location 156. 
2. The normalized spanwise stations (tj) and the taper ratios referenced in 

this table are defined in the DT array. (Refer to Table 50,) 
3. This arrary is stored in permanent data file record 2, read in BLOITL, 

and used in USPAN 

133 



° in 
'"■ 

i   "^ 00 f-t «i- o CO o o o o o o o p LO LO p LO Ci LO O 
o-i o> o o o p t-H «t r>- r~i o t^. T 00 to «* x> CO -H o ^1 

ii 1    ^ «N rg to to to to to 1—1 O O o o^ CT> 00 o a-, 0O I-- I- c* LO 

n !    i—t iH <-* rH iH rH -H 1—( t-* rH i-H o o O rH O o o o o O 

< 

0 

.0 ^    o o ri ~* £ CO o r 1 LO LO o o LO LO to o o o LO p O 
o iH ^ ^^ rH rH rj to t - to o 00 rl- o 00 o to r- i-H 5 t^ 

II •* ss to ;0 to to to to rj rH i-H rH o o o rH rH o c^ *" CO t-. 

« j    '—' iH —( •H rH -H -H ^H M ^H i-H i-H rH i-H -H ■H rH o r-^ 3 O 

1 < 

0 
LO 

•ft o M g5 Q LT, o o LO 53 LO o p p Q ri LO p o o o O 
—^ PM •^r to LO 5 h^ o -r -H o CO -r ri t 00 rT o LO -H LO 

II t^, f, f) 10 10 tO to to r 1 r-j r i ^) rH rH rH r) -H .—1 rH f"1. "3 Q-, 

\   > • • • • • • • • • • ■ • • 
< CO ^H —4 i—i rH —1 iH —i rH rH -H rH —( -H -H -H rH rH ^4 -—1 1 1 O 
u < 
u 

u 
i       Cv 0 

u 
tl LO ^1 f i r- o O ir-. £ 00 t   • o p r i * LO O p P o P P 

(N LO f- M o r) to oc 1- a o LO to M O rf o 00 LO r 1 Ci 

II I-J to tO tO to "* •* -r <■ j ri (NI 1-1 '"J ri ri i-l '-I rj rH —4 —' O 

OQ _H iH —1 rH i-H i—1 •^ —i l-H i-H rH rH i-H -H -H r-, -^ -H —< rH rH 

< 

0 
U") 
^H Q P LT, P r~. tO o o l~l LT, I- p r 1 LO Q 3 LO Q p Q C 

t 00 O to tO m r i p P o <=. i-H rH OO r^ LO rl- to rH O 
II '-H rO to •*T -r «a- ~T LO to to to to to to to M »-i rv| i-J rl r 1 P> 

SQ -H —s fH r-t rH ^H i-H —( i-H t-H --^ rH rH —H rH -H -^ rH rH ^H rH 

< 

o 
O LO LO O O o o O f- r j X p r j Q o C -H r) tO £ p LO 

LO o LO 00 (N 00 ^H o to * X oo O ri 0) C7. 9i o-. O-i O O 
II o rO •* * "* LO LO ^O to to to to to "* TT M Sj rj rj (-1 to to 

CQ i—( »H rH ^H rH i-H rH i-H 1—1 i-H rH rH rH rH rH -H rH rH rH —< rH 

< • iH   I 

-3 

/ 
i          5^        ! — / l—, 

i          rt T3 ^/ ^ e / f; 

fi •-* / ■^t O \0 rj 00 •^t o X r i 00 »-- gp O t   J 00 <» o X) ^J 00 ■^ > 
< / t—I rj Oi to to •t LO LO O -c t « oo 00 cn 3-1 O rH i-< ri rj to ■ H 

'           u / rH rH rH rH rH r- ^J 

{          MO / (4 
Q  -1 

/- 

« uo LO LO LO o o o LO LO LO LO o o o to LO LO LO o O O 
>-< 

rH (M to ^f ■o 00 o rH (NI to ^r o 00 o rH rsi to T o 00 O 
M i-H rH 1—1 M 

§ 
LO LO LO LO LO LO LO o O o o o O O 1   1 

K o o o O o o o fNl rs| r-i fNl (N| (Nl (N| LO LO LO LO LO LO LO 

+ o o o o o o o o O o o o o o o o o o o O O 
rH   1 

r 
o o o o o o o o O o o o o o o o o o o O O g  1 
o o o o o o o o o o o o o o o o o o o O O 

1 

134 

* 



mi 

1      s-> 

!    o 

ii 

< 

IT) 

o o o o o o o 
o^ i-n o -^ LO o m 

|     M r^- r^ vo '-'1 "* ^ 
o o o d O O C3 

O O LO O O O LO 
-H to ^3- O t"- O C^ 
(N tsi rj fv] rsi ro »SJ 

o o LO LO o un LO to to (sj 
rl   ^-(   -H    i—t   I—< 

8 
Ü 0 

i-H 

> 
+-'          ! 
i-H          1 

1       j 

I-H             ( 

n 

2Q 
< 

"* 

o o o LH o o tn 
1       C.   O   30   O  •*   O  1^ 
i     o c. oo so r- ,£ in 

1    -4 o o o o o o 

-H LO O LO o o o 
O -H t-O Tt LO C\ 00 
r-j  M  I^J  (si  »si  rg  rvi 

LO    LCI    O    O   L0 
t-~  t^   O   O  tO 
i-H   •—I   r-H   r-4   i—1 

o 
in 

n 

< 

f. 

1      O O  O t/) m O LTI 
1     a* ox <-* it eo f* •* 

—< o ^ c% so x r- 

~   n   LT,   o   LO   LO   o 
O <-< <^i »o ^t r- r^ 
i^4  r~j  r^ rg (s)  f^)  (sj 

o o o o to 
00   X  t^  P-   o 
^^   -H   -H   i-H   rH 

o 

II 

< 

(N| 

LO rl r--   ^ (N LO rg 
rsi   o   O   O   O  «»  ?i 
rj  -^  r^  c  O  CTi  00 

O t^J »^ 'S! C f. i/J 
O •-• fsj to LO t~- vO 
(S)  r4   (^1  (si  (si   (si  (s> 

o s o c o 
00   00   00   »   00 
-H   i—1   -H   i-H   —< 

o 
i—< 

II 

< 

♦-H 

<NI r-4  O LD O r-   i/l 
LTJ ■—(  wo •* o   a (^l 
rj  rsi  r-.  ^H —<  o  O 

i-- o r^- o i^- o i-n 
3  r-j   (S)  »T  u-)  t~-   vO 
SJ    (SI    (SI    (SJ    (SI    (SI    (SI 

o o o o o 
X  X  X  X  X 
—<   i—(   ^H   i-H   l-H 

0 
O 
II 

as 
<    i 

o 

r-   o un LO ui t^- o 
st m to ^H oo «o ^■ 
«^1   CM   (SI   (VJ   ^   rl   rH 

O un O O O O LO 
r-i to >* IO o t^ vO 
(SI   fS|   (SI   rj   (SJ   (S»   (SJ 

LO   LO    «»    tO   (SJ 
X  X   X  X  X 
-H   ^H   -H   -H   i-H 

DB
 A
rr

ay
 

Lo
c 

In
d 

^ 

o  O rg oo rr o \0 
«r •»■ LTI LO o i^ t->- 

(SI   00   ^J-   O   Ö  ^4   00 
00 00 Jl O O ^H —• 
rl   r-t    -H   (SI   rj    SJ    (SJ 

«*   O   vO   fsi   X 
rj to to TJ- rr 
(SJ    (SI    (SI    (SJ   (S) 

X LO    Lfl    UO    LT)    O    O    O LO LO    0 LO  O  o   o LO lo to to o 

^H rsj ,^, ^j. o oo o —(  (SI  to t  O 00  o -H  >s»  to  »t  sO 

l< 

o o o o o o o 
o o o o o o o o o o o o o o 

LO to to to to 
(M  (SI   (SJ  M  fN 

o o o o o o o o o o o o 

r o o c o o c> o 
to to to to to to to 
00 oo oo oo oo oo oo 
to to to to to to to 

to to to fl to 
oo oo oo oo oo 
to to to to to 

o o o o o o o o o o o o o o d c d o d 

135 



a. 
in 

o 

n 

PQ 
< 

\         LO 

i o o 
r«) o 
i—t t—i 

O <N O O LO LO LO 
«a- I-H en oo LO to o 
rH iH O O O O O 

LO O O O J3 O LO 
to r^ rg t^. (sj oi «* 
rH O O O» O^ 00 00 

NO
TE
 

I+
J 

= 
DB
 
ar

ra
y 

re
la

ti
ve
 
lo
ca
ti
on
. 

rH ^-1 I—t rH I-H O O O O 

o 
o 

II 

OQ 
< 

t 

LO O 
LO LO 
rH r-t 

LO o o o o o o 
o LO »i- rj r-H cy, r-- 
i-H r-H iH rH rH O O 

O LO O O LO o o 
■O tO rH 00 "* i-H 00 
i-H i-H i-H o o o a> 

i—l i—( rH rH rH I-H rH i-H O 

o 

■«*■ 

II 

«5 
< 

rO 
LO O LO fM o to rg o LO 

t-- vO LO ^ to IN) o 
rH rH rH rH rH rH i-H 

O LO (SI r-J LO O O 
00 LO ^t P^l O 00 vD 
»O ^H ^H ^H _( C O 

o 
o 

II 

OQ 

< 

rj 

O LO 

1—1 <—< 

O LO L0 O LO o o 
00 t-~- \D O LO LO to 
i-H i-H i-H rH "H rH rH 

O f^l LO LO o t^- 00 
t^ «O LO "* tO rH Öl 
rH rH rH rH i-H rH O 

o 
LO 
■—t 

II 

OQ 
< 

-H 

O vO 
oo r- 
<—4 i—1 •  • 

O O O LO O LO o 
oo oo r-- vo O LO T 
rH i-H i-H rH rH rH rH 

O LO O O O O fM 
t~- \D VD LO TJ- ^-1 i-H 
rH rH i-H rH rH rH i-H 

o 
O 

II 

OQ 
< 

o 

r-H t-~ 
oo r- 

•     • 
rH i-H 

O O O O O LO LO 
oo oo oo r- o LO •* 
i-H rH rH rH i—t rH rH 

Lo o LO rj o o (^4 
r^ r-^ o LO »t r4 rH 
rH rH rH l-H rH rH rH 

DB
 A

rr
ay
 

Lo
c 

In
d 

/ 

"* o 
LO \0 

vD (N 00 -1- O sD t^l 
\0 r^ t^ oo n% cri o f^a (M rg (sj rg f-.j ho 

00 "* O O tNI 00 •^■ 
O rH r4 (SI tO tO rt 
to to to to to to to 

\                                  \4 o o LO LO LO LO o o o LO LO LO LO o o o 
oo o rH fM IO »t VD 00 O 

rH 
rH fN IO »^ vO 00 O 

i-H 

< 
LO LO 
rsj (si 

o o o o o o o 
LO LO LO LO LO t/) LO 

o o o o o o o 
o o o o o o o 

O O O O O O C- o o 

\            p 

ro to 
00 oo 
ro to 

to to to to to to to 
oo oo oo oo oo oo oo 
to to to to to to to 

to to to to to to to 
oo oo oo oo oo oo oo 
to to to to to to to 

o o o o o o o o o o o o o o o o 

136 



3 

0 

H 

< 

LO 

LO   «*   <NJ    O 
f-.t-~r-.t-- 
00   00   00   CO 

oo r- LO 
O O vO 
00   00   00 

O CO O  LO  o o  o 
r-- a» i-i •* r- a> o 
a^ a» o o o o r-i o 

LO o o 
00   rH   LO 
O   rH   rH 

• H 

s 
rH        ii 

> 

"-I 

M 
1 

+ 1—1 

o o o o o o o O   O   ^H   ^H   fH   rH   r-l rH rH   rH   rH 

0 
o 

II 

CO 
<; 

'S- 

O  00  LO   o 
t-~   O   O  vD 
'X) oo co oo 

00   LO   M 
LO LO •««■ 
00   00   CO 

LO  O  O   O   O  IO   O 
tO  LO  \0  CTi  O  rH  tO 
a^ ci a^ CT» o o o 

LO 
LO 
o 

LO   IO    LO 
O  O  IO 
o o o 

o o o o o o o O   O   O   O   rH   rH   rH o i-H   rH   rH 

0 

'S- 

1 

ca 
< 

t-O 

o o o o 
r-- o o i-T) 
00   00   00   00 

o o o 
"*   to  f—( 
00   00   00 

io o r- o o o o 
rH    »-J    r-l    «^    LO    \0    t"- 
CTi  O  CTi   CTi  O  C7>  CT* 

o 
ra 
en 

LO   O   LO 
LO  00  CT 
CT^  CTi  CTi 

o o o o oop O  O  O  O  O  O  O o O  O  O 

0 
O 

03 
< 

i^J 

o o o o 
t-. LD <5- tO 
00  00  00  <M 

O O LO 
r-H   O   t— 
oo oo t-- 

o io t-. o to r- o 
O   O   O   rH   rH   rH   (NJ 
CT>  CTi  CT^  CTi  CTi  CT  CTi 

LO 
o 
en 

(Nl    O    LO 
(Nl  rt  LO 
CT^ a^ CT^ 

o o o o O O o O  O  O  O  O  O  O o O  O  O 

0 
lO 
rH 

1 

< 

i—( 

(Nl  rg  LO  ui 
O •* (VJ o 
00   00   00   CO 

LO    O    O 
00   vO  t 
r- I-- t^ 

o r- •^j- o o to o 
CT» 00 00 00 t— t--  t-- 
oo oo oo oo oo oo oo 

o 
o 
CTi 

O   O  O 
O  -      (N 
CT^      >  CTI 

o o o o o o o o o o o o o o O O  O  O 

0 
O 

1 

< 

O 

LO in o o 
in <M o oo 
oo oo oo t-- 

o o o 
LO r-i o 
t^ r-- t^ 

O  LO  O  O  O  O  LO 
00   (--   O   LO   rr   tO   i-H 
oo oo oo oo oo oo oo 

O 
CTi 
00 

O  O  O 
CT>  O^  CTi 
00  00   00 

O o o o o o o o o o o o o o o o o o 

DB
 A
rr

ay
 

Lo
c 

In
d 

/ 

O O r-l 00 
LO LO o o 
to IO to fO 

Tt O vO 
1--   00   00 
to to IO 

rsl  00   ■*  O  vO  (N  00 
CT>   CTl   O   rH   rH   r~|   fsl 
tO   tO   ^t   -*   'i-  «S-   rt 

O vO (^ 
>*   ^    LO 
rf  «S-  ^ 

^ 

§ 
LO    LO   LO    LO o o o LO   LO   LO   LO   O   O   O LO LO   LO   LO 

rH    fsl    tO    "!t so oo o rH   (Nl   tO   «T   \0   00   O 
rH 

r-H (N  to  t 

*< o o o o o o o 
LO    LO    LO    LO   LO   LO    LO 
M (N CM rg rsi (vi f-J O 

LO 
o o o 
LO    LO    LO 

o o o o o o o O   O  O  O  O  O  O o o o o 

P 
r- t-- i^ t-- 
o o o o 
t-. t-- t-- t-- 

r- r-. t-~ 
o o o 
r- t-- t-- 

r- t-- t~ r- r- t-. c^ 
O  O  O  O  O  O  O 
r- r-- t-- r- r- t-- t-- 

r- 
o 
t-- 

r- r^ t-- 
o o o r- t-, i-. 

o o o o o o o O  O  O  O  O  O  O o o o o 

137 

»►—■ 



■   M      r-- 

!    o 

1       ^ m o o o LO o lO o o o o O O o o o o o O 
1    oo to sO to l-H LO 00 i-H U-i o rg o CT 00 vO •^r LO o vO 

i       " i/> I     iH ri rj l-H fVI rj n to to •* T 1- to to to to to o O 

CO 1     ^ l-H i—( i-H l-H l-H l-H i-H I-H I-H O o c o o o o o O 

< 
\             | 

o o 
1/5 O LD o O o LO o o o LO o LO o rj o (V) LO o 
oo i—( LO o (Ti to \D o LO CT. »M- l-H CT 00 -£> '» -» .-( r- 

II ^i- o i—1 f—( o O I—t i-H r-j r4 rj 1" «» to to to to to Ln io 

CQ r-t i—t r-H 1—1 i-H i-H l-H I-t l-H l-H O o O o o o o O o 
< 

0 
Lrt 
«* LD o O o o LO o o o LO 00 ri r i LO o rj vO LO o 

> 1—1 ^r t^. LD f-H LO a. rj vO CT to O oc sO LO l-H 1—1 CT M 

^ II to O o o a^ o o o i—• l-H i—t «* T to to to to to ■«r to 
u • • • • • • • • • • • » • • • • • • • 

—1 CO i—1 rH IH o l-H i-H l-H l-H l-H l-H o o o o o o o o o 
< 

** u 
0 
o 

O I/) O o o lO o o O LO o o t r o 00 rj LO LO 

r~- OJ o <VI r- cn to ^o CT i-H rj CT. o T M 00 CT. 00 CT 
II rt O) Ol o CT. oi a\ c o O I-H ^» to to to to n r i •* *r 

03 o o 1—1 o o o l-H f-H i-H l-H O O o c c O o o o 
< 

0 

l-H o in UD o o o u-, LO o o LO r o oo o LO c o to 
to K) rr l-H T vO 00 o to LO I-H O -t l-H CT ■^t lO 00 00 

II i—* CT> C^ a. o» en a^ CT. o o o 'S" to to to M r-j n •* «s- 

PD O o o o o o O l-H l-H l-H o o o o o O o o o 
< 

0 
O o o o o o LO 1^ o o o c o LO LO r-i o t» LO •» 

en m cr. l-H <^J to T vO CO CT CTi t o OÜ LO o o %D vD 
II o oo 00 oo cr. en CT> CT. CT. CT CT to to to rj (N (V) (VI "* Tt 

00 o o O o o o O o o O o o o o O o o o O • 
< o •H         1 

} « 
>s 
« -0 ^ o    1 
fc:£ / oo ^f o vO fNl 00 «t o *o (V) 00 1- o vO Csl 00 «* o vO 

i-H 

< / in vO r^ IX 00 00 CT> o o i-H i-H rj to to ^t *t LO vO vO OJ 

PQ   O / •a- "* •* «* T *t ^r LO LO LO LO LO LO LO LO LO LO LO LO > •H       i 
Q J 

/ i-H        i| 

o o o LO LO LO LO o o o LO LO to LO o o o LO LO (H 

vO 00 o 
>—1 

i-H r4 to «ef o 00 o 
i-H 

l-H fNl to ^t vD 00 o 
l-H 

i-H (VI 

to    1 

S «< o o o o O o O Q o o LO LO c 
l/> LO LO o O o O O o o o o o o O o o (VI rJ 

(i    j 

+ 
»—i 

o o o i-H i-H i-H rH i-H i-H i-H o o o o o o o O o 

t~- r-- 1^- t^ rv r» r«. r^ r- f- ^t •* 'S- «* -«i- •<t •* ^t ^-       1 — o o o o o o o o <r> o <vi rj (N) fNI tN (M (VJ CN CM          j u:    1 
t^ r-. r^ t-~ tx r- r h- r- r-- CT> CT CT <CT CT CT CT CT CT F?    i 
o o o o o o o o o o O O o o O O O O O s 

138 



C/5 

i—i 

o 

t-- o o o in in o o o o o o o o m o o o o o 
to in o oo to LO   rH rj t^ i-i vD (SI o in T a\ r^ vO r^ 

1 in f- t-- oo 00 en vO   t-- 00 oo a> <J\ O r- 00 CT> en o r-t rj 

n o o o o o o o o d d o r-t o o d o 1—t i—t rH 

< 

0 
o 1/5 o in o o in in in o o in o o o in o in o O 

o (O p- to vO to o rs. M vO r-t t^- r- vO "«r o t"- vO to 
II ■^f vD o o I-~ r- m \c> o r- r- 00 00 in vO r- 00 00 cn o 

BQ o o o o o o o o d d o O o o o o o d rH 

<: 

0 
If) 
Tt o o c in o (SI  O n o in o o o o in o in in in 

«3- '■D CT. n "*t o in 01 (si \o 1—t vO to CT. •* a\ m (SI 00 
II n LO in in vO vO m in in vO vO r~ f- in in O -D r- oo oo 

> CO o o O o o o o o d d d o o o d d o d o 
< 

u 
u 0 

«w o 
u f} o o o o in in o in o o o o O o o in o o o 

o 1—1 to in O o> r-t •<t r- o ^t 00 rH in CT. (SI oo to 00 

II (SI Lrt m in in in ^r in in in \o vO vO in in in vO NO t- i- 

oa o o o o o o o d d d d o o o d o o o d 
< 

0 
l/i 
rH U1 00 o o o o n o o o o o o o to o o in o 

oo 00 o^ o i—t en o> t-4 to in oo r-t o r-i in 00 rj vO o 
II I-H 'S- ^r »r in in •3-   «t m in in in \o in in in in vO 5 t- 

OQ o o o o o O   O d o o o o d o o d d d o 
< 

0 
o «si o n t in in in o o in r- o o o in o o o fM 

o ^o o « sD oo oo Ol O   l-H to in o r-t (SI in 00 r-l Tr 
II O «* "* 'T «r ■* TT  "9- ^T in in m in in in in m m vO o 

BQ o o o o O o d d d d d o o o o d o O d • 
< 

•H 
4J J 

>• v « TS / o P / rH 
f (SI oo -* o vO fsi 00 *t O  vO rj oo ^t o ^o rg 00 Tf o < j r- t-- oo a> a^ o o rH f^l  (sj to to "Ü- m in .vO vO r^ 00 4» 

^, y / LO m m in in vO  vO vO SO  vO O vO vO vO NO vO NO vO vO r* 

S2J /" 

K m in o o o in in in in o o o m in in m o o o 

i io «* vO 00 o 
1-t 

l-H   (SI to «t vO oo d 
r-l 

i-t (SI to i- vO 00 o 
rH 

\ 
^             \ 
9     i 

lO in in in in o o o o o o o o o o o O o O x «M (SI (SI fsi (SI in in in in in in in o o o o O o o 
ii      | 

l-H 

o o o o o d d d d d d d t-t <-i r-t 1-1 r-t rH rH 

""* «* •*t ^f -ü- ^t re ^r •* ^t ^r •<J- ^t ^t ^t "♦ •^l- ^t * 
r fNl fM csi <S1 (SI (N  «vj (S| (S| CM (SJ (SI (SI (SJ (SJ (S| (SI (SI rj        ! w 

OV o o> o\ O^ o> OJ 0\ » o* o» O^ o» a^ cn 0\ a» cn a» o      1 
O o o o O d d d d d d d d d d d d d d 1 

139 



'■ 

^ 

I 

oo 
ri 

i 

BC
. 

/K
, 

p
e
r
 
d
e
g
r
e
e
 

o 

II 
lO 

i   LO rH t^ ^l- LO f^ 00 
rj to to ^- \0 t^- r- 
n rj rj rj <N r^i «^-1 
o o o o o o o 

LO r~- CTi fsi o oo to 
c r-i rj «s- vo vo r^ 
rj o r-i (v) r-i M ra 
o o o o o o o 02

00
 

02
09
 

02
19
 

.0
22
8 vO 

to 

o 

* 

g  ! 
•H    \ 
4->   1 

rH   5 

t •H    1 
4-*   1 
CD 

s   j 
II 

u  j 

!  o o o o o o o o o o o o o o o o o o o 

0 
o 

11 
Tt 

1  LO LT) LO to lO to LO 
rH CT) rvi LO t-^ a> o 

!   to to ^t ^t t ^l- LO 
o o o o o o o 

LO C O CTi LO O LO 
i-t 00 rj to O Ol O 
tO tO »t <* Tt •* LO 
o o o o o o o 03

00
 

.0
37
0 

04
00
 

.0
41
8 o 

o 
o o o o o o o o o o o o o o o o o o o 

0 
1/1 
^*- 

II 

PQ 
< 

to 

00 t^J LO Ol LO LO O 
«^- »o f^i vo i—i «* r-- 
tO Tt LO LO X> NO vO 
o o o o o o o 

o LO r-- oo o r-- r- 
to o fM o i—i rt r~- 
tO "* LO LO o O vO 
o o o o o o o 03

38
 

.0
45
0 

05
10
 

.0
54
6 lO 

oo 
LO 
o 

o o o o o o o o o o o o o o o o o o o 

0 
o 
to 

II 

PQ 
< 

ri 

oo rj rj oo «* LO o 
^i- oc r- fM CTI ^t oo 
tO T LO O SO t^ t^ o o o o o o o 

O (^J LO 00 f^l o o 
lO CTI 00 to O LO Ol 
to ^t LO o t-- r-- t^ 
o o o o o o o 03

48
 

04
84
 

05
70
 

06
28
 

o 
oc 
O o 

o o o o o o o o o o o o o o o o o o o 

0 

i—( 

II 
i-t 

rj Tt ^r o r-~ oo o 
•et 00 00 LO rj 00 »t 
to *!• LO vo r^ i^ oo 
o o o o o o o 

o o to to o o o 
LO o o r- LO i-t vo 
to IO o o r- oo oo 
o o o o o o o 03

50
 

05
00
 

05
98
 

.0
66
9 o 

*t 

o 
o o o o o o o o o o o o o o o o o o o 

0 
o 
II 

O 

IO to Tt to o i^- r-- 
to r- t-- i- <N oo ^J- 
to •* LO \o t^- r- oo 
o o o o o o o 

00 00 O O O 00 o 
«t m o t^- o r« oo 
to *r o o i^- oo oo 
o o o o o o o 03

50
 

05
00
 

06
00
 

.0
67
9 o 

vO 

o 
o o o o o o o o o o o o o o o o o o o 

D
B
 
A
r
r
a
y
 

Lo
c 

In
d 

/ 

vO «Nl 00 ^t O vO (Nl 
oo en a> o i-H i-t <s« 
vo \o vo r- h- r^- r^ 

00 t O vO f^l 00 ^t 
rj to •»• ^- LO LO vO 
r~- i^- t-- r-- t-- r^ r^ 

o o pg oo 
oo oo 

^t 

•^ LO LO LO LO o o o LO LO LO LO O O O LO LO LO to o 
rH «^ to Tf VO 00 o 

l-H 
rH (N to ^t vO 00 O 

r-H 
r-t <M to «r vO 

^ o o o o o o o 
LO LO LO LO LO LO LO 
fM fM «V| CM fS «N <N 

O O 
LO LO 

o o 
LO LO 

o 
LO 

o o o o o o o o o o o o o o o o o o o 

140 



O 

PC 
Q 

e 

o 

03 

01 s 
DC 
O 

T3 

>-> 
O 

S 

PQ 

o 

CO 

t-t 

II 

PQ 

o 
H 

PQ 

oo ä 

LO 

1^ 

(M 

fMOO LOCSIOOUOl-OOOO 
^■^i- oooidOr-irgTj- 

OO OOOOOOO 
•   ■ •■••••• 

OO OOOOOOO 

oo oootnLOLno 
trsvo co *t t~~ co O r~i in 

OO OOOOOOO •   • ••••••• 
OO OOOOOOO 

LOO tviLni/iLOLDiriLO 
i—iK) rji—ir^o^tt^i—i 

OO OOOOOOO 
•   • •••■••• 

OO OOOOOOO 

loi/) oeoLO^-tnuifsi 
<MIO «a-mroootooK) 
t^-r-- tOTttnLnvovot^- 
OO OOOOOOO 

o o OOOOOOO 

t*4 

OLD ooooof^oun 
O't TtoOvOr^OOO 
oooo K", Tj-LnvOi--t--oo 
OO OOOOOOO 

•        • ••■•••• 

OO OOOOOOO 

ooo r-LDCMOOLno 
tot~- «a-oooomKiO«* 
0000 Ki«!tLO\Ot~-t^00 
OO OOOOOOO •        • •••«••• 
OO OOOOOOO 

OvO fNlOO-S-OvOCvlOO 
OO i-HrHf^hOtO^t"* 
oooo       oooooooooooooo 

oo       LotoLnmooo •        • ••••••• 
00O i-tt^KlTj-vOOOO 

c o 

8 

> 
•H 
4-» « 
i-H 
0) 

« 

g 

•? 

o o 
Ul   I/) 

o o 

OOOOOOO 
OOOOOOO 

141 



TABLE 29.    DE ARRAY, MANEUVER LOAD FACTOR SPECTRA TABLES 

Loc 

1 
• 

100 

101 

140 

141 

220 

221 

280 

281 

340 

Description 

Maneuver load factor spectra for fighter or attack class, 

Refer to Table 30 for file data values. 

Maneuver load factor spectra for BI class. 

Refer to Table 31 for the file data values. 

Maneuver load factor spectra for BIT class. 

Refer to Table 32 for file data values. 

Maneuver load factor spectra for cargo-assault class. 

Refer to Table 33 for file data values. 

Maneuver load factor spectra for cargo-transport class. 

Refer to Table 34 for file data values. 

NOTE 

1. DE array si arts at common location 2177. 
2. This array is stored in permanent data file record 6, which is read 

and used in FATMG. 
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TABLE 30. MANEUVER LOAD FACTOR SPECTRA FOR FIGHTER OR 
ATTACK CLASSES IN DE ARRAY 

1   Exceedences per 1,000 Hours by Miss: ton Segment 

Ascent, Subsonic 
Cruise, Air-to Air-to- Supersonic ' 

j HE Array 
1 Location 

Load Loiter, or Ground Air i Air-to-Air 
Factor 

(n2) 

Descent Combat Combat Combat 

1 Indicator Type 1 Type 2 Type 3 Type 4 

j J \^ 0 20 40 60 80 

10.0 0 0 15 o  1 
9.0 0 1 60 0   i 
8.0 0 15 230 16   j 

7.0 0.04 200 900 90   I 

6.0 1.0 1,500 3,400 500   | 

5.0 25 10,000 13,000 2,900   j 

4.0 400 40,000 50,000 17,000   j 

8 3.0 3,500 100,000 150,000 90,000   j 

9 2.0 15,000 175,000 300,000 250,000   j 

10 1.5 24,000 210,000 390,000 320,000   1 

11 0.5 0.0 10,000 44,000 16,000 

12 0.0 0.0 350 4,000 2,000 

13 -1.0 0.0 7 350 45 

14 -2.0 0.0 1 8 0.1 

15 -3.0 0.0 0 0.1 0 

16 -4.0 0.0 0 0 0 

17 -5.0 0.0 0 0 0 

18 -6.0 0.0 0 0 0   | 

19 -7.0 1 0.0 0 0 0 

20 -8.0 0.0 0 0   ' 0   | 

NOTE I + J » EE arra y relative loca it ion 
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TABLE 31. MANEUVER LOAD FACTOR SPECTRUM FOR BI CLASS, 
ALL SECWENTS, IN DE ARRAY 

|     DE Array 
1    Location 
|     Indicator 

Load Factor 
Exceedences 

per 1,000 Hours     | 

1 ^""""^^^ I 100 120          1 

1        1 
6.0 o       1 

|        2 5.5 0.5 

i         3 5.0 3           j 
4 4.5 18          | 

i        5 4.0 70          | 

|        6 3.5 250 
1        7 3.0 800 

!        8 2.5 2,500 

9 2.0 9,200           1 

|       10 1.5 31,000          j 

11 0.5 1,000 

1        12 0.0 350          j 

13 -0.5 1          l| 
14 -1.0 0          | 

15 -1.5 o       i 
16 -2.0 o         | 

17 -2.5 0 

18 -3.0 0          | 

19 -3.5 0          | 

i       20 -4.0 
0                i 

1     NOTE I + J - D! : array relative location 
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TABLE 32. MANEUVER LOAD FACTOR SPECTRA FOR BII CLASS IN DE ARRAY 

IE Array 
Location 
Indicator 

Load 
Factor 

(n2) 

Exceedences per 1,000 Hours by Segment 

Ascent, 
Descent, or 
Refueling 

Type 1 

Cruise or 
High-Altitude 

Penetration 

Type 2 

Low-Altitude 
Penetration 

Type 3 

I 
140 160 180 200 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

3.8 

3.5 

3.2 

2.9 

2.6 

2.3 

2.0 

1.7 

1.4 

1.1 

0.9 

0.6 

0.3 

0.0 

-0.3 

-0.6 

-0.9 

-1.2 

-1.5 

•1.8 

0 

0 

0.01 

0.06 

0.3 

2 

15 

300 

7,200 

150,000 

85,000 

3,900 

86 

7 

0.9 

0.1 

0.01 

0 

0 

0 

0 

0 

0 

0.003 

0.03 

0.40 

4 

60 

1,300 

35,000 

20,000 

240 

4 

0.1 

0.002 

0 

0 

0 

0 

0 

0 

0 

0.02 

0.12 

0.6 

4 

30 

600 

14,400 

300,000 

300,000 

14,400 

600 

30 

4 

0.6 

0.12 

0.02 

0 

0 

NOTE   I + J ■ re array relative location 
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TABLE 33. MANEUVER LOAD FACTOR SPECTRA FOR 
CARGO ASSAULT CLASS IN DE ARRAY 

Exceedences per 1,000 Hours 

j         IE Array 
Location 

Load 
Factor 

(nz) 

by Segment                             j 

Ascent or 
Descent Cruise             | 

Indicator TVpe 1 Tvne 2              j 

220 240 260 

1                1 3.8 0 0                 i 

2 3.5 0.05 0.02 

3 3.2 0.12 0.05 

1                 4 2.9 0.25 0.11 

5 2.6 0.50 0.25            | 

6 2.3 1.8 0.54            j 

7 2.0 10 2                  j 
{                 8 1.7 130 16                 | 

9 1.4 1,500 300 

10 1.1 100,000 10,000                  1 

11 0.9 30,000 5,000                 j 
1 

j                I2 0.6 100 30                 | 

|                13 0.3 0.5 1                 i 
|                14 0.0 0.002 0.03 

15 -0.3 0 0.001          j 

16 -0.6 0 0 

17 -0.9 0 0                  j 
18 -1.2 0 o            1 
19 -1.5 0 0 

20 -1.8 0 o 

NOTE    I + J - 1 DE array relative location 
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TABLE 34  MANEUVER LOAD FACTOR SPECTRA FOR 
CARGO TRANSPORT CLASS IN DE ARRAY 

1   DE Array 
1   Location 

Indicator 

Load 
Factor 
(n2) 

Exceedences per 1,000 Hours 
by Segment 

Ascent, 
Descent, 

or 
Refuelings Cruise 

l7^- 
280 300 320 

i        2 

3 
1 

1      4 
5 

6 

7 

1      8 
i      9 

10 

1      11 
12 

13 

14 

|     15 

16 

17 

1      18 

1      19 
20 

3.8 

3.5 

3.2 

2.9 

2.6 

2.3 

2.0 

1.7 

1.4 

1.1 

0.9 

0.6 

0.3 

0.0 

-0.3 

-0.6 

-0.9 

-1.2 

-1.5 

-1.8 

0 

0 

0.03 

0.17 

0.90 

4 

19 

105 

1,470 

70,000 

8,000 

136 

0.30 

0.001 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.003 

0.05 

1 

25      | 

825 

30,000 

1,920 

22 

0.15 

0.001 

0      \ 
0 
0          1 
0       j 
o     | 

o       i 
NOTE I + J * IE array relative location                      \ 
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TABLE 35. DF ARRAY, FLAP AERODYNAMIC DATA 

j Loc Value 
Engrg 
Symbol Description            I 

1 0.0 CF/CW. Flap chord ratio 1                  j 

1 2 0.10 CF/CW2 Flap chord ratio 2                  j 

3 0.30 CF/CW3 Flap chord ratio 3 

i 4 0.65 CF/CW4 Flap chord ratio 4                  j 

5 1.00 CF/CW5 Flap chord ratio 5 

6 0.575 x/c1 Local CP for CF/CW1 

7 0.520 x/c2 Local CP for CF/CW2 

8 0.450 x/c3 Local CP for CF/CW3 

9 0.373 x/c4 Local CP for CF/CW4 

10 0.333 x/c5 Local CP for CF/CW5 

, 11 0.0 KCF1 Flap lift effectiveness for CF/CV^ 

12 0.390 KCF2 Flap lift effectiveness for CF/CW2 

13 0.655 KCF. 
0 

Flap lift effectiveness for CF/CWj 

14 0.902 KCF, 
4 

Flap lift effectiveness for CF/CW4       I 

15 1.000 KCF Flap lift effectiveness for CF/CW5 

16 0.10 b£/bw1 Flap span ratio 1 

17 0.20 b£/bw2 Flap span ratio 2 

18 0.30 bf/bw3 Flap span ratio 3                   | 

19 0.40 bf/bw4 Flap span ratio 4                   | 

20 0.50 b£/bw5 Flap span ratio 5 

■ 
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TABLE 35.    DF ARRAY, FLAP AERODYNAMIC DATA (CONCL) 

Loc Value 
Engrg 
Symbol Description            I 

21 0.60 bf/bw6 Flap span ratio 6                    i 

1 22 0.70 bf/bw7 Flap span ratio 7                    ) 

23 0.80 bf/bw8 Flap span ratio 8                    j 

24 0.90 bf/bvvg Flap span ratio 9                   ! 

25 1.00 bf/bw10 Flap span ratio 10                  j 

1 26 
0.00 ni 

Normalized spanwise station 1          ! 

1 27 0.10 
^2 

Normalized spanwise station 2 

28 0.20 
^3 

Normalized spanwise station 3 

29 0.30 n4 
Normalized spanwise station 4          1 

30 0.40 
^5 

Normalized spanwise station 5           j 

1 31 0.50 
^6 

Normalized spanwise station 6 

j 32 0.60 
^7 

Normalized spanwise station 7 

33 0.70 ^8 
Normalized spanwise station 8          i 

ii 

| 34 0.80 
^9 

Normalized spanwise station 9 

35 0.90 nio Normalized spanwise station 10         1 

36 1.00 rill 
Normalized spanwise station 11 

1 37 0.520 c£c/cLcAV Spanwise loading parameter at bf/bw., r|..  j 

• • 
Refer to Table 36 for complete spanwise   I 

t   * ■ 

loading parameter values.             | 

146 0.0 C«C/CLCAV 
Spanwise loading parameter at bf/bw , r)   j 

NOTE 

1. m ' array sti irts at common location 1009. 

2. IT 
ar 

\is array : 
id used in 

is stored in nu 
USPAN and BNLI 

iss storage file record 3, read in BLCNTL,   \ 
)S.    '"'                            | 
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TABLE 37.    DG ARRAY, TURBULENCE FIELD PARAMETERS 

| DG Array 
| Location 
! Indicator 

Altitude 
(ft) PI 

Bl 
(ft/sec) P2 

B2 
(ft/sec) 

L 
(ft)  | 

i ^^  I 
1 J ^^\^ 

0 12 24 36 48 60   | 

|    1 0 1.00000 2.70 0.000010 10.65 500 

1     2 250 1.00000 2.70 0.000010 10.65 500 j 

i     3 1,000 1.00000 2.70 0.000010 10.65 500 | 

|    4 1,750 0.42000 3.02 0.003300 5.94 1,750 

5 3,750 0.30000 3.42 0.002000 8.17 2,500 j 

1     6 7,500 0.15000 3.59 0.000950 9.22 2,500 

7 15,000 0.06200 3.27 0.000280 10.52 2,500 | 

1     8 
25,000 0.02500 3.15 0.000110 11.88 2,500 

1     9 35,000 0.01100 2.93 0.000095 9.84 2,500 j 

i    10 45,000 0.00460 3.28 0.000115 8.81 2,500 | 

!    11 55,000 0.00200 3.82 0.000078 7.04 2,500 

12 65,000 0.00088 2.93 0.000057 4.33 2,500 

NOTES 

1. I + 
2. DG a 
3. This 

and 

J ■ DG array 
rray starts 
array is st( 
used in FATM( 

relative ] 
at common 1 
jred in pei 
J* 

ocation. 
ocation 2577. 
manent data file recor d 8 which ij ; read 
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TABLE 38. DI ARRAY, TAXI LOAD FACTOR SPECTRA 

|  DI Array 
1  Location 
j  Indicator 

Load Factor 

(n2) 

Exceedences per 1,000 Landings 

F, A, or 
BI Class 

BII, Cargo-Assault, 
or Cargo-Transport   j 

Class 

|  J^\^^ 0 20 40         | 

1     1 1.9 0.00004 0.00008     j 

!      2 1.85 0.0002 0.0004      | 

3 1.8 0.001 0.002       1 

4 1.7 0.03 0.06        j 

!      5 1.6 0.9 1.8        | 

6 1.5 20 40 

7 1.4 450 900         j 

8 1.3 9,000 18,000         | 

i      9 1.2 86,000 172,000          j 

10 1.1 330,000 660,000 

11 0.9 330,000 660,000 

12 0.8 86,000 172,000          | 

13 0.7 9,000 18,000          j 

14 0.6 450 900          | 

15 0.5 20 40         ! 

16 0.4 0.9 1.8       | 

17 0.3 0.03 0.06       | 

18 0.2 0.001 0.002       | 

19 0.15 0.0002 0.0004      | 

20 0.1     I 0.00004 0.00008     | 

NOTES 
1. I + J ■ DI array relative location. 
2. DI array starts at common location 2517. 
3. This array is stored in permanent data fil< 

read and used in FATMG. 
i  record 7 which is    j 
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TABLE 39.    DP ARRAY, SUPERSONIC AERODYNAMIC DATA 

Loc Value 
Engrg 

Symbol Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

734 

2.0 

3.0 

4.0 

6.0 

12.0 

0.4 

0.6 

0.8 

1.0 

1.3 

2.0 

3.0 

5.0 

12.0 

1.392 

0.270 

BA1 

BA2 
BA3 

BA4 

BAs 
Bm 

Bm2 

Bm3 

Bm. 
4 

Bm5 

Bm. 
0 

Bm, 

8 Bm, 

Bmg 

2 r/Vab 

2 r/Vab 

Aspect-ratio parameter 1 

Aspect-ratio parameter 2 

Aspect-ratio parameter 3 

Aspect-ratio parameter 4 

Aspect-ratio parameter 5 

Sweep parameter 1 

Sweep parameter 2 

Sweep parameter 3 

Sweep parameter 4 

Sweep parameter 5 

Sweep parameter 6 

Sweep parameter 7 

Sweep parameter 8 

Sweep parameter 9 

Spanwise loading parameter at BA , 

Refer to Table 40 for complete spanwise 

loading parameter values. 

Bm. » Hi» ^ 

Spanwise loading parameter at BA_, Bm, » n-i» x, 

NOTE 

1. DP array starts at coninon location 1155. 

2. The normalized spanwise stations ( ^ ) and the taper ratios referenced 
in this table are defined in the ET array. (Refer to Table 50.) 

3. This array is stored in permanent data file record 4, read in BLOTl, 
and used in USPAN. 
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TABLE 41. DR ARRAY, GUST RESPONSE FACTORS 

Loc Value 
Engrg 
Symbol Description 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

• 

109 

5.0 

10.0 

20.0 

30.0 

40.0 

60.0 

100.0 

140.0 

200.0 

300.0 

0.002 

0.004 

0.006 

0.010 

0.015 

0.020 

0.040 

0.060 

0.100 

0.130 

0.747 

H 

C/L 

C/L 

C/L 

C/L 

C/L 

C/L 

C/L 

C/L 

C/L 

Ko- 
• 

Air vehicle mass ratio 1 

Air vehicle mass ratio 2 

Air vehicle mass ratio 3 

Air vehicle mass ratio 4 

Air vehicle mass ratio 5 

Air vehicle mass ratio 6 

Air vehicle mass ratio 7 

Air vehicle mass ratio 8 

Air vehicle mass ratio 9 

Air vehicle mass ratio 10 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Average wing chord to scale of turbulence 

Gust response factor for \x,  and C/L- 

Refer to Table 42 for complete gust 

response factor values. 

ratio 1 

ratio 2 

ratio 3 

ratio 4 

ratio 5 

ratio 6 

ratio 7 

ratio 8 

ratio 9 

NOTE 

1. DR array starts at common location 2649 

2. This array is stored in permanent data file record 9 which is read and 
used in FATMG. 

159 

*-- '■■ 



o s O to o o 00 lO lO fsl i^ 
J o to (VJ vO 00 o CM to •* ^t 
Si >-« o> ^- lO vO vO vO r- r- I-- t^ t^ 
u    • i      * • • • • • ft • • • ft 

t       o o o o o o o o o o o 

o o o o to s o o to o 
■-) vO o» (VI l-H *o at vO t^ 00 at 5* o Oi IO lO vO ^o vO r^ r- r^ 1^- r>. u    • 00 ■ • • • • ft ft • ft • 

o o o o o o o o o o o 

o o o o o o to PM o to o 
-J o» l/> 00 at ^f at to t^ at o N 
7* 0 Cft K) ^f lO vO vO f- c^- 1^ 00 00 u    • r» • • • « ft • ft • • ft 

o o o o o o o o o o o 

o o lO lO to to o fS o o to 
NJ <M o 1-t r-) Oi 

% 
o vO at <M s ^o o\ to «t lO to 1^ r- 1-- oo u    • o • • • • ft ft • • ft • 

o o o o o o o o o o o 

to o o o lO lO vO lO r-j r^ to 
I           b _)   r-4 r- 00 at VO t-l r^ •t oo i-H s S o at fM to ^t lO VO vO r- r- oo 

^ u    • i/i • • • • ft ft • • ft • 
o o o o o o o o o o o 

o o o o to to rs» r-j o o 
« J   r-t ^ 3 n- r-t vO to iH vO o 

^O Ok Csl t lO to vO r- r- 00 00 u    • ^ • • • • ft ft ft • • ft 
o o o o o o o o o o o 

vO o Q o Q o lO lO o o lO 
J o iH at ao lO o vO to rH vO o 
r><=> CTt eg CM to rt lO lO vO t^ r- 00 u   • K) • • • • • ■ ft ft • ft 

o o o o o o o o o o o s 1 
•H 

«      li 
^, 

3 o o o o o o o to o 
o -4 O lO a o ^J- r-t o lO 1-1 t^ 

\o CTl iH CM ^t ■^ lO vO vO I--- 1^ •H     j u   . «Nl • t • • ft • • ft • • 
o O o o o o o o o o o 

CO 
<M O o o o o o o o o to •H 

J o K) o 1^ <N 3 iH o to rg 00 8   i >f 0 o> l-H <M (NJ to ^t to to vO vO 
CJ     • H • • • • ft • ft • • • 

o o o o o o o o o o o 1 CO 

to o o a o o o o o o g      1 d. O r-t (M '«■ vO o ^f o § iH rH CM 
11       \ 

+    i >-  1 1-1        /^ 
i 5^88 M        1 
1 
> 

1                    * ca
ti

 
di

ca
 

iH rg to ^t lO vO r- oo at 0 • M            | 

g §55 /       "* j 

160 



TABLE 43.    DS ARRAY, BLOCKED MISSION USAGE FOR EIGHT FLIOTT SEOCNTS 

Loc Description 

1 
* 

48 

49 

96 

97 
• 

144 

145 
• 

192 

193 
• 

240 

241 
• 

288 

Blocked usage segments for fighter class. 

Refer to Table 44 for file data values. 

Blocked usage segments for attack class. 

Refer to Table 45 for file data values. 

Blocked usage segments for BI class. 

Refer to Table 46 for file data values. 

Blocked usage segments for BII class. 

Refer to Table 47 for file data values. 

Blocked usage segments for cargo-assault class. 

Refer to Table 48 for file data values. 

Blocked usage segments for cargo-transport class. 

Refer to Table 49 for file data values. 

NOTE 

1. DS array starts at common location 1889. 
2. This array is stored in permanent data file record 5 which is read 

and used in FATMG. 
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TABLE 50.    DT ARRAY, AERODYNAMIC DATA 

i  Loc j Value 
Engrg 

! Symbol j             Description             j 

1 0.0 
"l 

Normalized spanwise station 1            | 

2 | 0.383 ^2 
Normalized spanwise station 2            | 

3 0.707 »»3 Normalized spanwise station 3            | 

4 0.924 
^ 

Normalized spanwise station 4            } 

5 0.0 Xl 
Taper ratio 1                        \ 

(  6 0.250 Taper ratio 2                        j 

7 0.500 S Taper ratio 3                        1 

8 1.000 
\ 

Taper ratio 4                       j 

9 0.20 Mi 
Mach No. 1 

i  lü 0.00 M2 Mach No. 2 

11 0.80 M3 
Mach No. 3 

12 0.90 M4 Mach No. 4 

13 0.95 M5 Mach No. 5 

!  14 1.00 M6 Mach No. 6                          j 

1  15 1.05 M7 Mach No. 7                          | 

16 1.10 M8 Mach No. 8                          | 

1  17 1.15 M9 Mach No. 9 

|  18 1.20 M10 Mach No. 10 

19 2.00 Mu Mach No. 11 

20 3.50 M12 Mach No. 12 

--' 
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TABLE 50. DT ARRAY, AERODYNAMIC DATA (CONT) 

j  Loc Value 
Engrg 
Symbol Description             | 

21 1.080 B/^ Compressible lift-curve slope factor at M   j 

|  22 0.878 B/K2 Compressible lift-curve slope factor at M? 

23 0.645 B/K3 Compressible lift-curve slope factor at M_   | 

1  24 0.500 B/K4 Compressible lift-curve slope factor at M.   j 

25 0.358 B/K5 Compressible lift-curve slope factor at NL 

|  26 0.0 B/K6 Compressible lift-curve slope factor at M 

I  27 0.0 B/K7 Compressible lift-curve slope factor at M-   [ 

28 
■ 

0.0 B/K8 Compressible lift-curve .slope factor at M.   1 

j  29 0.0 B/K9 Compressible lift-curve slope factor at NL 

30 0.0 B/Kio 
Compressible lift-curve slope factor at M   i 

31 0.0 B/K11 Compressible lift-curve slope factor at M   | 

32 0.0 B/K12 Compressible lift-curve slope factor at M^  i 

33 0.330 x/c1 Local wing CP at M 

34 0.338 x/c2 Local wing CP at M_                   { 

35 0.390 x/c3 Local wing CP at M_ 

36 0.520 x/c4 Local wing CP at M.                   | 

37 0.560 x/c5 Local wing CP at M.                   | 

38 0.574 x/c6 Local wing CP at M                   j 

39 0.580 x/c7 Local wing CP at M.                   | 

40 0.580 x/c8 Local wing CP at NL                   | 
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TABLE 50. DT ARRAY, AERODYNAMIC DATA (CONCL) 

i  Loc j Value 
1 Engrg 
Symbol Description              | 

|  41 0.580 x/c9 Local wing CP at M 

42 0.580 X/C10 
Local wing CP at NL. 

43 0.580 x/c11 Local wing CP at M . 

1  44 0.580 x/c12 Local wing CP at M 

|  45 0.230 x/c1 Local tail CP at M 

1  46 0.230 x/c2 Local tail CP at M 

1  47 0.245 X/C3 Local tail CP at M 

1  48 0.313 x/c4 Local tail CP at M, 
4 

I  49 0.395 x/c5 Local tail CPat M 

50 0.430 x/c6 Local tail CP at M, o 
51 0.442 x/c7 Local tail CP at M7 

1  52 0.448 x/c8 Local tail CP at M. 

1  53 
0.448 x/c9 Local tail CP at M9 

54 0.448 X/C10 
Local tail CP at M^ 

1  55 0.448 x/c11 Local tail CP at M . 

1  56 0.448 x/c12 Local tail CP at M , 

NOTE 

1. DT array starts at comnon location 100. 

2. This array is stored in pennanent data file record 1, read 
and used in USPAN. 

in BLOfTL, 
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TABLE 51.    DUM ARRAY VARIABLES 

Loc Description 

1 - 11 

12 - 22 

23 - 33 

34 - 44 

45 - 55 

56 - 66 

67 - 77 

78 - 88 

89 - -99 

100 - 110 

111 - 121 

Positive design airload shear times temperature normal- 
izing factor at wing weight analysis stations 11 to 1 (tip 
to root) 

Negative design airload shear times temperature normal- 
izing factor at wing weight analysis stations 11 to 1 (tip 
to root) 

Positive design airload bending moment times temperature 
normalizing factor at wing weight analysis stations 
11 to 1 

Negative design airload bending moment times temperature 
normalizing factor at wing weight analysis stations 
11 to 1 

Positive design airload shear times temperature normal- 
izing factor at horizontal tail weight analysis stations 
11 to 1 

Negative design airload shear times temperature normal- 
izing factor at horizontal tail weight analysis stations 
11 to 1 

Positive design airload bending moment times temperature 
normalizing factor at horizontal tail weight analysis 
stations 11 to 1 

Negative design airload bending moment times temperature 
normalizing factor at horizontal tail weight analysis 
stations 11 to 1 

Positive design airload shear times temperature normal- 
izing factor at vertical tail weight analysis stations 
11 to 1 

Negative design airload shear times temper.i'juo normal- 
izing factor at vertical tail weight analysis stations 
11 to 1 

Positive design airload bending moment times temperature 
noimalizing factor at vertical tail weight analysis 
stations 11 to 1 
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TABLE 51.    DUM ARRAY VARIABLES (CONCL) 

Loc Description 

122 - 132 

133 - 143 

144 - 154 

155 - 165 

166 - 176 

177 - 187 

188 - 198 

Negative design airload bending moment times temperature 
normalizing factor at vertical tail weight analysis 
stations 11 to 1 

Airload torque at positive design bending moment condition 
times temperature normalizing factor at wing weight 
analysis stations 11 to 1 

Airload torque at negative design bending moment condition 
times temperature normalizing factor at wing weight analy- 
sis stations 11 to 1 

Airload torque at positive design bending moment condition 
times temperature normalizing factor at horizontal factor 
at horizontal tail weight analysis stations 11 to 1 

Airload torque at negative design bending moment condition 
times temperature normalizing factor at horizontal tail 
weight analysis stations 11 to 1 

Airload torque at positive design bending moment condition 
times temperature normalizing factor at vertical tail 
weight analysis stations 11 to 1 

Airload torque at negative design bending moment condition 
times temperature normalizing factor at vertical tail 
weight analysis stations 11 to 1 

NOTE DUM array starts at common location 5522. 
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TABLE 52.    IDUM ARRAY VARIABLES 

Loc Description 

1 - 11 

12 - 22 

23 - 33 

34 - 44 

45 - 55 

56 - 66 

67 - 77 

78 - 88 

89 - 99 

100 - 110 

111 - 121 

122 - 132 

Load conditions that produce design net positive shear at 
wing weight analysis stations 11 to 1 

Load conditions that produce design net negative shear at 
wing weight analysis stations 11 to 1 

Load conditions that produce design net positive bending 
moment at wing weight analysis stations 11 to 1 

Load conditions that produce design net negative bending 
moment at wing weight analysis stations 11 to 1 

Load conditions that produce design net positive shear 
at horizontal tail weight analysis stations 11 to 1 

Load conditions that produce design net negative shear 
at horizontal tail weight analysis stations 11 to 1 

Load conditions that produce design net positive bending 
moment at horizontal tail weight analysis stations 11 to 1 

Load conditions that produce design net negative bending 
moment at horizontal tail weight analysis stations 11 to 1 

Load conditions that produce design net positive shear at 
vertical tail weight analysis stations 11 to 1 

Load conditions that produce design net negative shear at 
vertical tail weight analysis stations 11 to 1 

Load conditions that produce design net positive bending 
moment at vertical tail weight analysis stations 11 to 1 

Load conditions that produce design net negative bending 
moment at vertical tail weight analysis stations 11 to 1 

NOTE IDUM array starts at coranon location 4701. 
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TABLE 53. ND ARRAY VARIABLES 

j Loc 
Variable 

Name Description 
Subroutine   j 
Reference 

! 1 Not used 

1 12 Not used 

13 NA Air vehicle category indicator 
1 = fighter (F) 
2 = attack (A) 
3 = tactical bomber (BI) 
4 = strategic bomber (BII) 
5 = cargo assault (CA) 
6 = cargo transport (CT) 

BLCNTL, FATMG 

! 14 Wing type indicator 
-1 = fized wing 
1 = variable sweep wing 

BLCNTL, FATMG | 

1 15 Vertical tail type indicator 
-1 = single tail 
0 = dual tail 
1 = T-type tail 

BLCNTL, BNLDS, 
SPABM 

1 16 Load calculation option indicator 
-1 = basic loads only 
0 ■ fatigue spectra only 
1 = basic loads and fatigue spectra 

BLCNTL       j 

1 17 
Not used 

22 Not used 

23 Basic load calculation option 
indicator 

1 = compute all loads (fuselage, 
wing, horizontal, vertical) 

0 = compute loads as indicated by 
following controls (ND(24) 
through ND(27)) 

BLCNTL, USPAN, 
BNLDS, SPAM,  1 
MAXLDS, WHVNKT 
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TABLE 53. ND ARRAY VARIABLES (CONT) 

1 Loc 
| Variable 
1  Name Description 

Subroutine   j 
Reference 

j 24 Fuselage load calculation option 
indicator 

1 = compute fuselage loads 
0 = do not compute fuselage loads 

BLCNTL, USPAN, 
BNLDS       j 

1 25 Wing load calculation option indicator 
1 = compute wing loads 
0 « do not compute wing loads 

BLCNTL, USPAN, 
SPABM, MAXLDS, 
WHVNbT 

26 Horizontal tail load calculation 
option indicator 

1 = compute horizontal tail loads 
0 « do not compute horizontal 

tail loads 

BLCNTL, USPAN, 
SPABM, MAXLDS, 
WHVNbT       i 

27 Vertical tail load calculation option 
indicator 

1 ■ compute vertical tail loads 
0 » do not compute vertical tail 

loads 

BLCNTL, USPAN, 
SPABM, MAXLDS, 
WHVNET 

28 Load conditions 1 through 5 (+N ) 
calculation option indicator 

1 ■ compute loads for conditions 
0 « do not compute loads 

BLCNTL 

29 Load conditions 6 and 7 (-N ) calcu- 
lation option indicator 

1 ■ compute loads for conditions 
0 » do not compute loads 

BTOfTL 

30 Load condition 8, flaps down maneuver, 
calculation option indicator 

1 ■ compute loads for condition 
0 a do not compute loads 

BLCNTL 

31  i Load condition 9, 1 g flaps down trim, 
calculation option indicator 

1 - compute loads 
0 = do not compute loads 

BLCNTL       | 
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TABLE 53. ND ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 

[ 

Description 
Subroutine 1 
Reference 

32 Load conditions 10 through 13, 
positive vertical gust, calculation 
option indicator 

1 = compute loads 
0 = do not compute loads 

BLCNTL 

33 Load conditions 14 through 17, nega- 
tive vertical gust, calculation option 
indicator 

1 = compute loads 
0 = do not compute loads 

BLCNTL 

34 Load conditions 18 and 19, lateral 
gust, calculation option indicator 

1 = compute loads 
0 = do not compute loads 

BLCNTL 

! 35 Load conditions 20 and 21, pitching 
acceleration, calculation option 
indicator 

1 = compute loads 
0 = do not compute loads 

BLCNTL 

'  36 Load conditions 22 and 23, yawing 
acceleration, calculation option 
indicator 

1 = compute loads 
0 = do not compute loads 

BLCNTL      | 

37 Not used 

38 Not used 

39 Fatigue spectra option indicator 
-1 = compute gust and maneuver 

spectra 
1 = compute gust spectra only 

BLCNTL, FATMG 

( 

176 

y 
"■ 



TABLE 53. ND ARRAY VARIABLES (CONT) 

Loc 
| Variable 
j  Name Description 

Subroutine 
Reference  i 

I 40 

i        ■ 

Not used 

100 Not used 

101 I Scratch counter and load condition 
counter 

BLCm, MAXLDS 

102 Not used 

103 Not used 

104 Not used 

105 IN Load calculation control, if ND(28) 
through ND(36) = 0, then set ND(28) 
through ND(36) » 1 

BLCNTL 

106 NI Load condit: 
1 » cond] 
2 - cond] 
3 ■ cond] 
4 ■ cond] 
5 ■ cond] 
6 =« cond] 
7 = cond] 
8 ■ cond] 

ion grouping indicator 
Ltions 1 through 7 
Ltion 8 
ition 9 
Ltions 10 through 13 
Ltions 14 through 17 
Ltions 18 and 19 
Ltions 20 and 21 
Ltions 22 and 23 

BLCNTL, BNLDS | 

107 Not used 

108 NF Loads distribution calculation control 
-1 ■ all surfaces 
1 ■ wing only, flaps up 

BLCNTL, USPAN, 
FAIMG       I 

109 Condition 1 
1 = compi 
0 ■ do nc 

indicator 
ite loads 
)t compute loads 

BLCNTL, mXLDS, 
FUSNET      j 
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TABLE 53. ND ARRAY VARIABLES (CONT) 

Variable Subroutine    I 
i    Loc Name Description Reference      | 

1     110 Condition 2 indicator BLCNTL, M/UCLDSJ 
1 = compute loads FUSNET                | 
0 = do not compute loads 

ill Condition 3 indicator BLCNTL, MVXLDsJ 

FUSNET                1 
112 Condition 4 indicator BLCNTL, MAXLDSJ 

FUSNET                j 
113 Condition 5 indicator BLCNTL, MAXLDS 

FUSNET 

|     114 Condition 6 indicator BLCNTL, MAXLDSJ 
FUSNET 

115 Condition 7 indicator BLCNTL, MVXLDS 
FUSNET 

116 Condition 8 indicator BLCNTL, MAXLDS 

FUSNET 
1     117 Condition 9 indicator BLCNTL, MAXLDS 

FUSNET 
118 Condition 10 indicator BLCNTL, MAXLDS 

FUSNET                | 
119 Condition 11 indicator BLCNTL, MAXLDS 

FUSNET 
|     120 Condition 12 indicator BLCNTL, MAXLDS 

FUSNET                 | 

1     121 Condition 13 indicator BLCNTL, MAXLDS 
FUSNET               1 

122 Condition 14 indicator BLCNTL, MAXLDSJ 

1              !                        1 FUSNET 
I     123 Condition 15 indicator BLCNTL, MAXLDSJ 

FUSNET 
124 Condition 16 indicator BLCNTL, MAXLDSJ 

FUSNET 
125 Condition 17 indicator BLCNTL, MAXLDSJ 

FUSNET                j 

1     126 Condition 18 indicator BLCNTL, MAXLDSJ 
FUSNET 

127 Condition 19 indicator BLCNTL, MAXLDSJ 
FUSNET                j 

128 Condition 20 indicator BLCNTL, MAXLDS 
FUSNET                1 
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TABLE 53.    ND ARRAY VARIABLES  (CONT) 

Loc 

129 

130 

131 

132 

133 

134 

135 

136 

137 

Variable 
Name 

I 

J 

K 

L 

NT 

IP 

138 N3 

139 N4 

140 I 

141 K 

142 L 

143 Nl 

Description 

Condition 21 indicator 

Condition 22 indicator 

Condition 23 indicator 

Scratch counter 

Scratch counter 

Scratch counter 

Scratch counter 

Surface indicator 
1 • wing (basic) 
2 ■ deflected flaps 
3 = horizontal tail 
4 » single or dual vertical tail 
5 = T-type tail 

Wing type and position indicator 
-1 * fixed wing 
0 ■ variable sweep wing, forward 

position 
1 ■ variable sweep wing, aft 

position 

Curve value counter 

Number of curves interpolations 

Scratch counter 

Scratch counter 

Curve family data location counter 

Number of data points describing the 
function 

Subroutine 
Reference 

BLCNTL, MAXI .PS, 

I-US\I;T 
BLCNTL, M\XU>S 
RJSMiT 
BLCN'l L 
RJSNLl 
USPA\" 

USPAN 

USPAN 

USPAN' 

USPAN 

MWLDS 

USPAX,  BNLDS, 

SPABM, FUSNl-T 

FC0DM2 

FCOD\I2 

FC0DM2 

FC0DM2 

FC0DM2 

C0DIM2 
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TABU: 53.    ND ARRAY VARIABLES (CONT) 

Loc 
i Variable 
!  Name Description 

Subroutine 
j  Reference 

144 J ! Data point location counter C0DIM2 

145 JJ Data point region indicator C0DIM2 

i  146 K Scratch counter C0DIM2 

I  147 L j Scratch counter C0DIM2 

148 M Scratch counter C0DIM2 

149 M Scratch counter USPAN 

150 NT Surface indicator 
1 = wing 
2 = body in presence of wing 
3 ■ horizontal tail 
4 = vertical tail 

BNLDS 

151 I Scratch counter BNLDS 

152 J Scratch counter BNLDS 

153 K Scratch counter BNLDS 

i 154 ID Surface indicator 
1 = wing (basic) 
2 ■ deflected flaps 
3 = horizontal tail 
4 = dual vertical tail 
5 = single vertical tail 
6 = T-type tail 

SPABM 

155 I Scratch counter SPABM       | 

156 J Scratch counter                  1 SPABM 

157 K Scratch counter                 1 SPABM       1 

158 L    1 Scratch counter                 | SPABM 

J 
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TABLE 53.    ND ARRAY VARIABLES (GONT) 

1    ^oc 
Variable 

Name Description 
Subroutine     | 
Reference      1 

159 1        M j   Scratch counter SPABM                  ! 

160 i        NS Mission segment counter FAIMG                  | 

161 NG Scratch counter FATMG 

162 NN j    Scratch counter FATMG                  | 

163 NY Mission segment type for DE file 
access 

A/V 
Value   Class                  Segment 

1 F, A      ascent, cruise, loiter, 
or descent 

2 F, A      air-to-ground combat 

3 F, A      subsonic air-to-air 
combat 

4 F, A       supersonic air-to-air 
combat 

1       BI          all mission segments 

1 BII         ascent, descent, or 
refueling 

2 BII        cruise or high-altitude 
penetration 

3 BII         low-altitude 
penetration 

1 CA, CT   ascent, descent, or 
refueling 

2 CA, CT   cruise 

FATMG                  | 
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TABLE 53.    ND .ARRAY VARI.AB1.ES (CON'CL) 

h 
I.oc 

164 

165 

166 

167 

168 

169 

200 

Variable 
Name 

I 

J 

K 

L 

M 

Description 

Scratch counter 

Scratch counter 

Scratch counter 

Scratch counter 

Scratch counter 

Not used 

Not used 

Subroutine 
Reference 

FATMG 

FATMG 

FATMG 

FADK.; 
i 

! FAiMt; 

NCTTi:   ND array starts at common location 4201 
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TABLE 54.    RC ARRAY VARIABLES 

Loc Description 

1 - 11 

i: 

:.•> - ,-o 

>4 - 44 

Ratios of shear due to contents at positive net shear 
condition to shear due to contents at BEPK for v\ing 
weight analysis stations 11 to 1 

Ratios of shear due to contents at negative net shear 
condition to shear due to contents at BFIMV for wing 
weight analysis stations 11 to 1 

Ratios of hending moment due to contents at positive net 
hending moment condition to hending moment due to con- 
tents at BFPK for wing weight analysis stations 11 to 1 

Ratios of hending moment due to contents at negative net 
bending moment condition to hending moment due to con- 
tents at BFDK for wing weight analysis stations 11 to 1 

NOTE RC array starts at cormon location S229. 
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Loc 

TABU- 55.    UN: ARRW VARIABLES 

Description 

I      li Ratios of load factor at positive net shear condition to 
nu'tximum positive load factor for wing weight analysis 
stations 11  to 1 

i      ~>~> Ratios of load factor at negative net shear condition to 
maximum negative load factor for wing weight analysis 
stations 11 to 1 

_ .i ■ .i ,i Ratios of load factor at positive net bending moment con 
dition to maximum positive load factor for wing weight 
ana1vsis stations 11 to 1 

1  n     Ratios of load factor at negative net bending moment con 
dition to maximum negative load factor for wing weight 
analysis stations 11 to 1 

1.'  55     Ratios of load factor at positive net shear condition to 
maximum positive load factor for horizontal tail weight 
analysis stations 11 to 1 

56 - 66     Ratios of load factor at negative net shear condition to 
maximum negative load factor for horizontal tail ueight 
analysis stations 11 to 1 

Ratios of load factor at positive net bending moment con- 
dition to maximum positive load factor for horizontal 
tail weight analysis stations 11 to 1 

""•<      SS     Ratios of load factor at negative net bending moment con- 
dition to maximum negative load factor for horizontal 
tail weight analysis stations 11 to 1 

■''   "'     Ratios of load factor at positive net shear condition to 
maximum positive load factor for vertical tail weight 
analysis stations 11 to 1 

'iH'i  110    Ratios of load factor at negative net shear condition to 
maximum negative load factor for vertical tail weight 
analysis stations 11 to 1 

i 
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TABLE 55.    RNZ ARIUY VARI.ABLES (CON'CL) 

Loc Description 

111 - 121 

122 - is: 

Ratios of load factor at positive net bending moment con- 
dition to maximum positive load factor for vertical tail 
weight analysis stations 11 to 1 

Ratios of load factor at negative net bending moment con- 
dition to maximum negative load factor for vertical tail 
weight analysis stations 11 to 1 

NOTE RNZ array starts at common location 5097. 
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TABLE 56. SAM: ARRAY VARIABLES 

Loc 

1 - 11 

12 

:i -  .•>.•> 

34 - 44 

45 - 55 

56 - 66 

78 - 88 

89 - 99 

100 - 110 

111 - 121 

122 - 132 

Description 

Design positive airload shear at wing weight analysis 
stations 11 to 1 

Design negative airload shear at wing weight analysis 
stations 11 to 1 

IVsign positive airload bending moment at wing weight 
analysis stations 11 to 1 

Design negative airload bending moment at King weight 
analysis stations 11 to 1 

Design positive airload shear at horizontal tail weight 
analysis stations 11 to 1 

Design negative airload shear at horizontal tail weight 
analysis stations 11 to 1 

Design positive airload bending moment at horizontal tail 
weight analysis stations 11 to 1 

Design negative airload bending moment at horizontal tail 
weight analysis stations 11 to 1 

Design positive airload shear at vertical tail weight 
analysis stations 11 to 1 

Design negative airload shear at vertical tail weight 
analysis stations 11 to 1 

Design positive airload bending moment at vertical tail 
weight analysis stations 11 to 1 

Design negative airload bending moment at vertical tail 
weight analysis stations 11 to 1 

NOTE Save array starts at common location 4833. 

186 

i 



TABLE 57. SAVET ARRAY VARIABLES 

Loc 

1 - 11 

12 

.i.> 

34 - 44 

45 - 55 

56 - 66 

Pescription 

Airload torque at positive design bending momcnt condi- 
tions at wing weight analysis stations 11 to 1 

Airload torque at negative design bending moment condi- 
tions at wing weight analysis stations 11 to ] 

Airload torque at positive design bend \g moment condi- 
tions at horizontal tail weight analysis stations 11 to 1 

Airload torque at negative design bending moment condi- 
tions at horizontal tail weight analysis stations 11 i?  1 

Airload torque at positive design bending moment condi- 
tions at vertical tail weight analysis stations 11 to 1 

Airload torque at negative design bending moment condi- 
tions at vertical tail weight analysis stations 11 to 1 

NOTE SAVET array starts at conmon location 5720. 
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TABLE 58.    SVF .MUIW VAlU.Vl^I.IiS 

Loc Variable Name 

PS I   [11 

ISl   (,25) 

:4 i i.oiivi. 111 

40 1L0C.U 125) 

47 I'lOr.U. (11 

1)9 TTOTAL (.23) 

70 SFLUX (1) 

92 SFLUX [13) 

95 TSKINR U) 

115 TSKINR (.25) 

lib TSKINF (1) 

158 TSKINF (25) 

139 STIV (.1) 

144 STC (.0) 

145 TEMPIV  (1) 

150 TLMPW  (.6) 

151 N'WING 

152 S80W 

155 ST1I  (1) 

Description 

.Vnbicnt pressure at load condition 1, psi 
to 

Ambient pressure at load condition .!.>, psi 

Ambient tempci'aturo at load condition 1, CU 
to 

.Ambient temperature at load condition 25, 0K 

Total Temperature at load condition 1, "R 
to 

Total temporaluro at load condition 25, "R 

Sun flux at load condition 1, BTU/br/ft~ 
to 

Sun flax at load condition 25, BTU/br/ft" 

l.quilibriiun skin temperature at load condition 1, "U 
to 

liquilibriiun skin temperature at load condition 25, CK 

Equilibrium skin temperature at load condition 1, "I- 
to 

Equilibrium skin temperature at load condition 25, cl 

King material compression yield stress at library 
temperature 1, psi 

to 
Wing material compression yield stress at library 
temperature 6, psi 

Wing material library temperature 1, "F 
to 

King material library temperature b,   T 

Number of values in wing strcss-G-temporaturc table 

Wing material compression yield stress at 80° I- 

Horizontal tail material compression yield stress 
at library temperature 1, psi 

• 

y 
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TABU.; 58.    SVH AlillW V.\KI.\BLnS (CONCU 

Loc 
Variable 

Name Dcscript ion 

15S 

159 

164 

lb5 

ibö 

167 

i 

I?: 

175 
• 

178 

179 

180 

Sill (ül 

iliMTII (1) 

IT-MPH (b) 

\\m 

S8011 

SiVU) 

srv(ö) 

TEMPV'CD 

TEMPV [b) 

NVER 

S80V 

Horizontal tail nuitcrial cüiipiwssion yield stress at   library 
temperature b, psi 

Horizontal tail material  I library temperature 1,    I-' 
to 

Horizontal tail material  library temperature o,    !■' 

Niunber of values in horizontal tail  st res s-G-tempera tu; v 
table 

Horizontal tail material compression yield stress at  Si)    !•' 

Vertical tail material compression yield stress at   library 
temperature 1, psi 

to 
Vertical tail material compression yield stress at   library 
temperature b, psi 

Vertical tail material library temperature 1, 0F 
to 

Vertical tail material library temperature b,  JF 

Number of values in vortical tail stress-G-temperature table 

Vertical tail material compression yield stress at SO    1-' 

Note:    SVF array starts at common location 5273 
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TABLE 59.    KLD ARRAY VARIABLES 

Loc 
Variable 
Name Description 

BDGW    Basic flight design weight (BFDW), lb 

P0SN2   Maximum positive maneuver load factor 

\XI (-v;:  Maximum negative maneuver load factor 

V2G(11   Wing net shear at 2 g taxi at uing weight analysis station 1 
(wing fixed or forward) 
Outboard to 

14 V2G(11)  King net shear at 2 g taxi at wing weight analysis station 11 
(.wing fixed or forward) 

15 BM2G(i)  Wing net bending moment at 2 g taxi at wing weight analysis 
station 1 (wing fixed or forward) 
Outboard to 

25 BM2G(11) King net bending moment at 2 g taxi at wing weight analysis 
station 11 (wing fixed or forward) 

2ö | T2G(1) King net torque at 2 g taxi at wing weight 
analysis station 1 (wing fixed or forward) 
Outboard to 

36 T2G(11)  Wing net torque at 2 g taxi at wing weight analysis 
station 11 (wing fixed or forward) 

>  VK1(1)   King only 1 g inertia shear at wing weight analysis 
station 1 (wing fixed or aft) 
Qjtboard to 

4" VWl(ll)  Wing only 1 g inertia shear at wing weight analysis 
station 11 (wing fired or aft) 

48 BMW1(1)  Wing only 1 g inertia bending moment at wing weight analysis 
station 1 (wing fixed or aft) 
Outboard to 

58 BMWl(ll) Wing only 1 g inertia bending moment at wing weight analysis 
station 11 (wing fixed or aft) 
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TABLE 59.    WLD ARRAY VARIABLES  (CONT) 

Loc 
Variable 
Name Description 

59 TW1(1) 
• 
• 

Wing only 1 g inertia torque at wing weight analysis 
station 1 (wing fixed or aft 
Outboard to 

69 
• 

TWl(ll) Wing only 1 g inertia torque at wing weight analysis 
station 11 (wing fixed or aft) 

70 
• 

• 

VW2(1) 

• 

Wing only 1 g inertia shear at wing weight analysis 
station 1 (wing fixed or forward) 
Outboard to 

80 
• 

VW2(11) Wing only 1 g inertia shear at wing weight analysis 
station 11 (wing fixed or forward) 

81 
• 
• 

BMW2(1) 

• 

Wing only 1 g inertia bending moment at wing weight analysis 
station 1 (wing fixed or forward) 
Outboard to 

91 
• 

BMV2(11) Wing only 1 g inertia bending moment at wing weight analysis 
station 11 (wing fixed or forward) 

92 

• 

TW2(1) Wing only 1 g inertia torque at wing weight analysis 
station 1 (wing fixed or forward) 
Outboard to 

• 

102 TW2(11) Wing only 1 g inertia torque at wing weight analysis 
station 11 (wing fixed or forward) 

103 
• 
• 

V21(l) 

• 

Wing and content 1 g inertia shear at MDW at wing weight 
analysis station 1 (wing fixed or forward) 
Outboard to 

• 

113 V21(113 Wing and content 1 g inertia shear at MDW at wing weight 
analysis station 11 (wing fixed or forward) 

114 
• 

• 

BM21(1) 
• 

Wing and content 1 g inertia bending moment at MDW at wing 
weight analysis station 1 (wing fixed or forward) 
Outboard to 

124 
• 

BM21(11) Wing and content 1 g inertia bending moment at MEW at wing 
weight analysis station 11 (wing fixed or forward) 
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TABLB 59. WLD .ARRAY \"ARLABLLS (CONT) 

Loc 
Variable 

Name Description 

125 

135 

136 

146 

147 

157 

158 

168 

169 

179 

180 

190 

T21(l) 

121(11) 

V12(l) 

V12(ll) 

BM12(1) 

BM12(11) 

112(1) 

T12(ll) 

V22(l) 

V22(ll) 

BM22(1) 

BM22(11) 

Wing and content 
analysis station 
Outboard to 

Wing and content 
analysis station 

Wing and content 
analysis station 
Outboard to 

Wing and content 
analysis station 

Wing and content 
weight analysis s 
Outboard to 

Wing and content 
weight analysis s 

Wing and content 
analysis station 
Outboard to 

Wing and content 
analysis station 

Wing and content 
analysis station 
Outboard to 

Wing and content 
analysis station 

Wing and content 
weight analysis s 
Outboard to 

Wing and content 
weight analysis s 

g inertia torque at >D)l\ at wing weight 
(wing fixed or forward) 

g inertia torque at MWV at wing weight 
1 (wing fixed or forward] 

g inertia shear at BFDIV at wing weight 
(wing fixed or aft.) 

g inertia shear at BFDIV at wing weight 
1 (wing fixed or aft) 

g inertia bending moment at BFDW at wing 
ation 1 (wing fixed or aft) 

g inertia bending moment at BFDIV at wing 
ation 11 (wing fixed or aft) 

g inertia torque at BFDIV at wing weight 
(wing fixed or aft) 

g inertia torque at BFDIV at wing weight 
1 (wing fixed or aft) 

g inertia shear at BFDIV at wing weight 
(wing fixed or forward) 

g inertia shear at BFDIV at wing weight 
1 (wing fixed or forward) 

g inertia bending moment at BFDIV at wing 
ation 1 (wing fixed or forward) 

g inertia bending moment at BFDIV at wing 
ation 11 (wing fixed or forward) 

19: 
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TABLE 59. WLD ARRAY VARIABLES (CONT) 

Loc 

191 

201 

20: 

212 

213 

223 

224 

234 

235 

245 

246 

256 

Variable 
Name 

T22(l) 

122(11) 

V25(l) 

V23(llj 

BM23(1) 

BM23(11) 

T23(l) 

T23(ll) 

VH(1) 

VH(ll) 

BI^(l) 

BNH(ll) 

Description 

Wing and content 1 g inertia torque at BFDW at wing weight 
analysis station 1 (wing fixed or forward) 
Outboard to 

Wing and content 1 g inertia torque at BFDW at wing weight 
analysis station 11 (wing fixed or forward) 

Wing and content 1 g inertia shear at I.DW at wing weight 
analysis station 1 (wing fixed or forward) 
Outboard to 

Wing and content 1 g inertia shear at LDW ;it wing weight 
analysis station 11 (wing fixed or forward) 

Wing and content 1 g inertia bending moment at LDW at wing 
weight analysis station 1 (wing fixed or forward) 
Outboard to 

Wing and content 1 g inertia bending moment at LDW at wing 
weight analysis station 11 (wing fixed or forward) 

Wing and content 1 g inertia torque at LDW at wing weight 
analysis station 1 (wing fixed or forward) 
Outboard to 

Wing and content 1 g inertia torque at LDW at wing weight 
analysis station 11 (wing fixed or forward) 

Horizontal tail and content 1 g inertia shear at weight 
analysis station 1 
Outboard to 

Horizontal tail and content 1 g inertia shear at weight 
analysis station 11 

Horizontal tail and content 1 g inertia bending moment at 
weight analysis station 1 
Outboard to 

Horizontal tail and content 1 g inertia bending moment at 
weight analysis station 11 
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TABLE 59. WLD ARRAY VARIABLES (CONCL) 

Loc 

257 

267 

268 

278 

279 

289 

290 

300 

Variable 
Name 

•ma) 

THCll) 

W(l) 

W(ll) 

BMV(l) 

BMV(ll) 

TV(1) 

TV(ll) 

Description 

Horizontal tail and content 1 g inertia torque at weight 
analysis station 1 
Outboard to 

Horizontal tail and content 1 g inertia 
analysis station 11 

Vertical tail and content 1 g (lateral) 
weight analysis station 1 
Outboard to 

Vertical tail and content 1 g (lateral) 
weight analysis station 11 

Vertical tail and content 1 g (lateral) 
moment at weight analysis station 1 
Outboard to 

Vertical tail and content 1 g (lateral) 
moment at weight analysis station 11 

Vertical tail and content 1 g (lateral) 
weight analysis station 1 
Outboard to 

torque at weight 

inertia shear at 

inertia shear at 

inertia bending 

inertia bending 

inertia torque at 

Vertical tail and content 1 g (lateral) inertia torque at 
weight analysis station 11 

NOTE: WLD array starts at common location 4401 
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TABLE 60.    XNET ARIUY V.'VRIABLES 

Loc Description 

1  11     Net positive design shear normalized to room temperature 
(80oF) reference at wing weight analysis stations 11 to 1 

12  22    Net negative design shear normalized to room temperature 
reference at wing weight analysis stations 11 to 1 

23 - 33    Net positive design bending moment normalizetl to room 
temperature reference at wing weight analysis stations 
11 to 1 

34 - 44    Net negative design bending moment normalized to room 
temperature reference at wing weight analysis stations 
11 to 1 

45 - 55    Net positive design shear normalized to room temperature 
reference at horizontal tail weight analysis stations 
11 to 1 

56 - 66    Net negative design shear normalized to room temperature 
reference at horizontal tail weight analysis stations 
11 to 1 

67 - 77 

78 - 88 

Net positive design bending moment normalized to room 
temperature reference at horizontal tail weight analysis 
stations 11 to 1 

Net negative design bending moment normalized to room 
temperature reference at horizontal tail weight analysis 
stations 11 to 1 

89 - 99    Net positive design shear normalized to room temperature 
reference at vertical tail weight analysis stations 
11 to 1 

100 - 110 

111 - 121 

Net negative design shear normalized to room temperature 
reference at vertical tail weight analysis stations 
11 to 1 

Naif positive bending moment normalized to room temperature 
Wference at vertical tail weight analysis stations 
11 to 1 
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TABLE 60.    XNFT ARRAY VARIABLES (TONCLl 

Loc 

122 - 132 

Descriptions 

Net negative bending moment normalized to room temperature 
reference at vertical tail weight analysis stations 

11 to 1 

NOTE 

1. XNET array starts at common location 4965. 
2. The temperature normalizing factors are the ratio of structure 

material compression yield strength at 80oF to compression vield 
strength at design load condition. 
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TABLE 61.    XMISC ARRAY VARIABLES (MISC BLOCK) 

Loc 

1 

7 

8 

10 

11 
• 

14 

15 

16 

18 

19 

20 

22 

Description 

Controls and design data used by other program modules 

Wing design temperature, temperature associated with 
maximum positive net bending moment at root weight 
analysis station, 0F 

Horizontal tail design temperature, temperature 
associated with maximum net bending moment at root 
weight analysis station, 0F 

Vertical tail design temperature, temperature 
associated with maximum net bending moment at root 
weight analysis station, 0F 

Controls and design data used by other program modules 

Wing structure material identification number; 
established in executive module 

Controls and design data used by other program modules 

Horizontal tail structure material identification 
number; established in input data processing module 

Controls and desing data used by other program modules 

Subroutine 
Reference 

WHVNliT 

WH\-XLT 

MIVNET 

MAXLnS, KHVXET, 

mXLPS, WHVNET, 

197 



TABLE 61.    XMISC ARRAY VARIABLES (MISC BLOCK)   (CONT) 

" Subroutine 

Loc Description Reference 

23 Vertical tail structure material identification 
number, established in executive module 

M-VXLPS, WI\M;T 

24 
• 

Controls and design data used by other program modules 

50 

31 Control used by other program modules 

32 Maximum net unswept bending moment at wing side of 
fuselage station for fatigue evaluation, in.-lb 

BLCNTL 

33 Maximum net swept bending moment at wing outboard 
station for fatigue evaluation, in.-lb 

BLCNTL 

34 Design data used by other program modules 

35 Vehicle sink speed at landing condition; established 
in executive module, ft/sec 

FUSXET 

36 Main landing gear stroke; established in executive 
module, in. 

FUSNET 

37 Ratio of ultimate to limit loads; established in 
executive module 

i 
FUSNET 

38 Taxi load factor; established in executive module FUSNET 

39 
• 

Controls and design data used by other program modules 

41 
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TABLE 61. XMISC ARRAY VARIABLES (MISC BLOCK) (CONT) 

i  Subroutine 
Loc Description |  Reference 

1 42 
Indicator to designate that horizontal tail loads 
have been reversed 

0 - loads have not been reversed 
1 » loads have been reversed 

KHVNET      ! 

Loca1 tions 43 through 50 contain inertia bending per g at the fatigue      j 
eval) aation stations; these values are established in the data management 
modu. le. 

j 43 Unswept bending moment at basic flight design weight 
for wings fixed or aft at station 1, in.-lb 

BLCNTL      | 

44 Swept bending moment at basic flight design weight 
for wings fixed or aft at station 2, in.-lb 

BLCNTL 

45 Unswept bending moment at maximun design weight for 
wings fixed or forward at station 1, in.-lb 

BLCNTL      ! 

46 Unswept bending moment at basic flight design weight 
for wings forward at station 1, in.-lb 

BLCNTL      | 

47 Unswept bending moment at landing design weight for 
wings forward at station 1, in.-lb 

BLCNTL 

1 48 Swept bending moment at maximum design weight for 
wings forward at station 2,  in.-lb 

BLCNTL      j 
j 

49 Swept bending moment at basic flight design weight 
for wings forward at station 2,  in.-lb 

BLCNTL 

50 Swept bending moment at landing design weight for BLCNTL      j 
wings forward at station 2, in.-lb 
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TABLE 61.    XMISC ARRAY VARIABLES (MISC BLOCK)   (CONT) 

Loc Description 
Subroutine 
Reference 

Locations 51 through 69 contain load module control words; these controls 
are established in the executive module. 

51 Air vehicle class indicator 

1 - fighter (F) 
2 » attack (AJ 
3 = tactical bomber (BI) 
4 '   strategic bomber (Bll) 
5 ■ cargo assualt (CA) 
6 '   cargo transport (CT) 

BLCNTL 

52 Wing type indicator 

-1 ■ fixed wing 
1 » variable sweep wing 

BLCNTL 

53 Vertical tail type indicator 

-1 ■ single tail 
0 ■ dual tail 
1 = T-type tail 

BLCNTL 

54 Load calculation option indicator 

-1 ■ calculate basic loads only 
0 ■ calculate fatigue spectra only 
1 ■ calculate both loads and fatigue spectra 

BLCNTL 

Loca tions 55 through 68 contain basic load calculation contrc »1 

1 ■ compute 
0 ■ do not compute 

55 Total vehicle load calculation control 

1 = compute all loads (fuselage, wing, 
horizontal, vertical) 

0 ■ compute loads as indicated by controls 
in locations 56 through 59 

BLCNTL 
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TABLE 61. XMISC ARRAY VARIABLES (MISC BLOCK) (CONCL) 

Loc Description 
Subroutine 
Reference 

56 Fuselage load calculation indicator 

57 Wing load calculation indicator 

58 Horizontal tail load calculation indicator 

59 Vertical tail load calculation indicator 

60 Load conditions 1 through 5 calculation indicator 
(positive maneuver conditions) 

61 Load conditions 6 and 7 calculation indicator 
(negative maneuver conditions) 

62 Load condition 8 calculation indicator 
(flap down maneuver condition) 

63 Load condition 9 calculation indicator 
(flaps down landing) 

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

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

66 Load conditions 18 and 19 calculation indicator 
(lateral gust conditions) 

67 Load conditions 20 and 21 calculation indicator 
(pitching acceleration conditions) 

68 Load conditions 22 and 23 calculation indicator 
(yawing acceleration conditions) 

69 Fatigue spectra calculation indicator 

-1 ■ compute gust and maneuver spectra 
1 ■ compute gust spectra only 

BLCNTL 

BLCNTI. 

BLCNTL 

BLCNTI, 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 
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TABLE 62. IP OR IQ ARRAY VARIABLES (IPRINT BLOCK) 

Loc Description 
Figure 
Reference 

Subroutine 
Reference 

1 
■ 

49 

50 

51 

52 

53 

54 

55 

56 

80 

Locations 1 through 49 are print con- 
trols for other program modules 

Output print control of component air- 
loads, CP's, and vehicle inertia 
factors 

Output print control of surface airload 
shear, bending moment, and torque at 
load reference stations 

Output print control of loading param- 
eters and unit spanwise loads 

Output print control of wing and empen- 
nage design loads envelope and 
normalizing factors 

Output print control of maximm net 
wing bending moments at fatigue refer- 
ence stations and print control of 
ambient condition, temperature, material 
property, and dynamic pressure data 

Output print control of wing bending 
moment spectra data 

Locations 56 through 80 are print con- 
trols for other program modules 

B-i2 

B-13, 
IMS 

B-14, 

B-l through 
B-ll 

B-16 through 
B-21 

B-22 

B-25, B-24 
B-25 

BMllS 

SPARM 

USPAN 

MIVNTT 

BLCNTL 

FATMG 
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TABLE 63. MASS STORAGE FILE RECORDS 

Record 
No. 

Variables 
5 Length 

Write 
Routine 

Read 
Routines Description 

DTC56) 

DB(853) 

DF(146) 

DP(734) 

DS(288) 

DE(340) 

DI(60) 

Input Data 
Processing 
Module 

Input Data 
Processiny 
Module 

Input Data 
Process ini; 
Module 

Input Data 
Processing 
Module 

Input Data 
Processing 
Module 

Input Data 
Processing 
Module 

Input Data 
Processing 
Module 

BLCNTL 

BLCNTL 

BLCNTL 

BLCNTL 

FATMG 

FATMG 

FATMG 

Permanent file aero- 
dynamic data; refer to 
Table 50 for discus- 
sion of variables. 

Permanent file sub- 
sonic aerodynamic 
data; refer to Table 26 
for discussion of 
variables. 

Permanent file 
deflected flap aero- 
dynamic data; refer to 
Table 35 for discussion 
of variables. 

Permanent file super- 
sonic aerodynamic 
data; refer to 
Table 39 for discus- 
sion of variables. 

Permanent file or 
input blocked mission 
segment data; refer to 
Table 43 for discus- 
sion of variables. 

Permanent file maneu- 
ver load factor 
spectra tables; refer 
to Table 29 for dis- 
cussion of variables. 

Pemanent file taxi 
load factor spectra 
tables; refer to 
Table 38 for discus- 
sion of variables. 
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TABLE 63. MASS STORAGE FILE RECORDS CCONT) 

1 

Record 
No. 

8 

Variables 
5 Length 

DG(72) 

17 

DRC109) 

RATIO 
(264) 

18 WLDC300) 

21 

22 

31 

WD(200) 

BC(195) 

SVF(180) 

Write 
Routine 

Input Data 
Processing 
Module 

Input Data 
Processing 
Module 

WHVNET 

Data 
Manage- 
ment 
Module 

Data 
Management 
Module 

Data 
Management 
Module 

Flutter and 
Temperature 
Module 

Read 
Routines 

FATMG 

FATMG 

BLCNTL 

MAXLDS 

BLCNTL 

BLCNTL 

204 

Description 

Permanent file turbu- 
lence field parameters; 
refer to Table 3" for 
discussion of 
variables. 

Permanent file gust 
response factors; 
refer to Table 41 for 
discussion of 
variables. 

Load factor, tempera- 
ture, and content 
normalizing factors; 
refer to Table 70 for 
discussion of vari- 
ables. This record 
is initialized in the 
executive module. 

Structural component 
normalized inertia 
load data; refer to 
Table 59 for discus- 
sion of variables. 

Geometry' and miscella- 
neous data. 

Air vehicle design 
data; refer to Table 23 
for discussion of 
variables. 

Ambient condition, 
temperature, and 
structural component 
material property data; 
refer to Table 58 for 
discussion of variables. 
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TABLE 63. MASS STORAGF FILE RECORDS (COKC.l) 

Record 
No. 

32 

Variables 
^ Length 

m]M(198) 

33 

35 

FUS(672) 

Write 
Routine 

WHVNET 

FUSNET 

DUMMY 
(820) 

/ 
159 

160- 
183 

WHVLID 
(24) 

BO(200) 

Read 
Rout ines 

FATOG 

MAXLDS 

MAXLDS 

Description 

Design airload shear 
and bending moments 
normalized to refer- 
ence design tempera- 
ture; refer to Table 51 
for discussion of 
variables. This 
record is initialize.! 
in the executive 
module. 

Vehicle airloads, CT's, 
inertia factors, and 
structure temperature 
data; refer to 
Table "2  for discus- 
sion of variables. 

King bending moment 
spectra; refer to 
Tables 75 and "6 is 
subroutine FATMG 
discussions. 

Load condition number 
array; Refer to sub- 
routine KHVNET 
discussion. 

Vehicle airloads, CP's, 
inertia factors, and 
distributed loads 
data; refer to 
Table 24 
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Array Record N'o. 

DT 1 
DB 2 
DF 3 
DP 4 
BC 22 
SVF 31 

Inscriptions 

Permanent file aerodynamic data 
Permanent file subsonic aerodynamic data 
Permanent file deflected flan aerodynamic data 
Permanent file simersonic aerodynamic data 
Vehicle design data 
.Ambient condition, temperature, and structural 

component material pronerty datn 
WLD 18 Structural comnonent normalized inertia loads 

data 

Loads module execution controls are obtained through labeled common array 
MISC which are transferred into the ND array (Table 64).   There are 23 dif- 
ferent airload conditions of which as many as 22 may be calculated in a given 
run.    The first level of basic load calculation control indictors (XD^SI  - 
ND(36)) determine the flight conditions, which are to be evaluated.    A posi- 
tive value indicates calculate, and a zero or negative value indicates do not 
calculate.    These controls are used to establish a second level of condition 
calculation controls  (Table 65).    Figure 10 shows the speed-altitude points 
associated, with each of these load conditions.    Should basic loads calcula- 
tion be indicated (ND(16)    =    - or +) and all values in locations XMISC(60) 
through XMISC(68) be negative or zero, the corresponding ND locations arc all 
set equal to one. 

For each load condition that is to be calculated, this routine: 

1. Establishes vehicle design criteria (BB array) 

2. Calls subroutine USPAN to calculate the unit snanwise loading distri- 
bution and lift curve slope for each of the lifting surfaces 
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SUBROirriNE DESCRIPTIONS   

PROGRAM BLCNTL 

General Description 

Deck name:    BLCNTL 
Entry name:    OVERLAY (5R\LP! L\,4 ,0) 
Called by:    OLAYOO 
Subroutines called:    USPAN, BNLDS, SPABM, MVXLDS, RISNTT, MIVXIT, 

FATMG 

This is the control routine for the airload module.    This routine 
initializes the output region of common and reads the followine file records. 
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TABLE 64.    LOAD MODULE CONTROL INDICATORS 

XMISC Array 
Location 

SI 

53 

54 

55 

56 

ND Array 
Location 

1? 

14 

15 

16 

23 

24 

Description 

Air vehicle class indicator 

1 = fighter (F) 
2 = attack (Al 
3 = tactical bomber fBH 
4 ■ strategic bomber (BTH 
? * cargo assault CCA) 
6 = cargo transport fCT") 

Wing type indicator 

-1 = fixed wing 
1 = variable sweep wing 

Vertical tail type indicator 

-1 = single tail 
0 = dual tail 
1 = T-type tail (horizontal tail mounted 

on vertical tail tip) 

Load calculation option indicator 

-1 = calculate basic loads only 
0 = calculate fatigue spectra only 
1 = calculate both basic loads and 

fatigue spectra 

Basic load calculation option indicator 

1 = compute all loads (fuselage, \sing, 
horizontal, vertical) 

0 = compute loads as indicated by follow- 
ing controls in ND(24) through 
ND(27) 

Fuselage load calculation indicator 

1 = compute fuselage loads 
0 = do not compute fuselage loads 
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TABLE 64.    LOAD ^DDULF. CONTROL INDICATORS CCONT") 

XMISC Array 
Location 

57 

58 

59 

60 

65 

66 

67 

61 29 

62 30 

63 31 

64 32 

ND Array 
Location 

25 

26 

27 

28 

33 

34 

35 

Description 

Wing load calculation indicator 

1 = compute wing loads 
0 = do not compute wing loads 

Horizontal tail load calculation indicator 

1 = compute horizontal tail loads 
0 = do not compute horizontal tail loads 

Vertical tail load calculation indicator 

1 ■ compute vertical tail loads 
0 = do not compute vertical tail loads 

Load conditions 1 through 5 calculation 
indicator 

1 ■ compute loads for applicable 
conditions 

0 = do not compute loads 

Load condition 6 and 7 calculation indicator 

Load condition 8 calculation indicator 

Load condition 9 calculation indicator 

Load conditions 10 through 13 calculation 
indicator 

Load conditions 14 through 17 calculation 
indicator 

Load conditions 18 and 19 calculation 
indicator 

Load conditions 20 and 21 calculation 
indicator 
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TABLE 64.    LOAD NCDULE CONTROL INDICATORS  (CONCLI 

XMISC Array 
Location 

ND Array 
Location Description 

68 

69 

36 

39 

Load conditions 22 and 23 calculation 
indicator 

Fatigue spectra calculation indicator 

-1 = compute gust and maneuver spectra 
1 = compute gust spectra only 
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3. Calls subroutine BMDS to calculate the component gross limit 
airloads and centers of pressure 

4. Calls subroutine SPABM to calculate limit airload shear,  bcndiiui 
moment and torque for each surface designated (NDll^l, ND(2.i)  - 
.\U(.27)] 

5. Scans wing load data for the maximum net bending monent at the 
fatigue evaluation stations 

b. Calls subroutine MXXLDS to determine the net design load envelope 
for each of the lifting surfaces 

7. Calls subroutine I'USNET to store the specific condition loads data 
for transmittal to the fuselage weight cst limit ion module 

.Alter all designated flight load conditions luive been evaluated, MWI.I'S 
is called to evaluate the taxi loads on the wing, and MIVNhl is called to 
organize the design loads data, calculate normalizing factors, and store 
the data for ase by the wing and empennage weight estimating module. 

Should wing fatigue spectra data be required (ND(16)), subroutine 
FATMG is called. 

Arrays and Variables Used 

BC      Vehicle design data (.Table 23) 

BO      Vehicle component airload data (fable 24J 

PSI     .Ambient pressure at load conditions 

SFLUX    Sun flux at load conditions 

SVF     .Ambient condition, temperature, and structural component 
material property data 

TSKINF   Equilibrium structure temperature at load condition, 'F 

TSKINR   Equilibrium structure temperature at load conditions, 'R 

TTOTAL   Total temperature at load conditions, "R 

Arrays and Variables Calculated 

ALT     Vehicle altitude at load condition 

BB      Vehicle design criteria at load condition 

BO      Vehicle and component identification codes 
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I Load condition number counter 

IDUM Design load condition numbers for net surface loads envelope 

IN Load calculation control: 0 = do all, 1 = do as indicated 

ND Basic loads calculation controls and indicators 

NF      Control to direct USPAN to calculate unit load distributions 
for all surfaces (-1) 

NI      Load condition category indicator 

1 = Flaps up balanced maneuver 
2 = Flaps down balanced maneuver 
3 = Flaps down balanced maneuver 
4 ■ Positive vertical gust 
5 = Negative vertical gust 
6 = Lateral gust 
7 = Pitch acceleration 
8 ■ Yaw acceleration 

RC Ratios of wing content inertia loads per g at load condition 
to inertia load per g at basic flight design weight 

RNZ Ratio of load factor at design condition to reference load 
factor 

SAVE Design airload shear and bending moment envelope 

STEMPH        Horizontal tail material compression yield strength at design 
condition structure temperature 

STEMPV        Vertical tail material compression yield strength at design 
condition structure temperature 

STQIPW        Wing material compression yield strength at design condition 
structure condition structure temperature 

WLD Structural component inertia loads per g and wing net taxi 
loads data 

XMAQi Vehicle mach number at load conditions 

XNET Net design loads array normalized to room temperature 
reference. 
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Scratch Arrays and Variables (Program Region) 

BMDWT1   Unswept inertia bending moment per g at maximum B>NI-T1 for 
wing fatigue evaluation station 1 

BMDWT2   Swept inertia bending moment per g at maximum B>N1:.T2 for wing 
fatigue evaluation station 2 

BMDW1 Unswept inertia bending moment per g at wing station 1 

BI^DWZ Swept inertia bending moment per g at wing station 2 

BMNET1 Net unswept bending moment at wing station 1 

BfNETZ Net swept bending moment at wing station 2 

BM1 Unswept airload bending moment at wing station 1 

BM2 Swept airload bending moment at wing station 2 

ENZ1 Vehicle load factor at maximum BMNET1 

ENZ2 Vehicle load factor at maximum BMNET2 

IBM1 Condition number at maximum BMNET1 

IBM2 Condition number at maximum B^NI:T2 

IH Horizontal tail reference design load condition 

IV Vertical tail reference design load condition 

IW Wing reference design load condition 

N Scratch counter 

THT     Horizontal tail structure temperature at reference design 
load condition, 0F 

TVT     Verticil tail structure temperature at reference design 
load condition, 0F 

WING    Wing structure temperature at reference design load condi- 
tion, 0F 

216 

N 

■   ■ 



Labeled Comnon Arrays 

IP(54) 

XMISC(32 

XinSC(33 

XMISC(43 

XMISC(45 

XMISC(46 

XMISC(47 

XMISC(48 

XMISC(49 

XMISC(50 

XMISC(51 
to 

XMISC(69 

0 ■ Print output of maximum net design bending moments 
at wing side of fuselage (unswept) and outboard 
station (swept) fox fatigue evaluation 

1 = Do not print 

Maximum net unswept bending moment at wing side of fuse- 
lage station (station 1) 

Maximum net swept bending moment at wing outboard station 
(station 2) 

Unswept inertia bending moment per g at basic flight 
design weight for wings fixed for aft at wing station 1 

Unswept inertia bending moment per g at maximum design 
weight for wings fixed or forward at wing station 1 

Unswept inertia bending moment per g at basic flight design 
weight for wings forward at station 1 

Unswept inertia bending moment per g at landing design 
weight for wings forward at station 1 

Swept inertia bending moment per g at maximum design weight 
for wings forward at station 2 

Swept inertia bending moment per g at basic flight design 
weight for wings forward at station 2 

Swept inertia bending moment per g at landing design weight 
for wings forward at station 2 

Refer to Table 64. 

Mass Storage File Records 

Records 1 to 4, 18, 22, 31, 

Error Messages 

None 
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SUBROUTINE USPAN 

General Description 

Deck name:   USPAN 
Entry name:    USPAN 
Called by:   BLCNTL, FADiG 
Subroutines called:   None 
Function reoutines called:   C0DIM2, FCODM2 

This subroutine uses the aerodynamic data tables and performs the 
calculations to obtain: 

1. Unit airload shear, bending moment, and torque on the lifting sur- 
faces 

2. Center of pressure locations 

3. Lift curve slopes 

Function routines C0DIM2 and FC0DM2 are used to obtain curve fit interpo- 
lated values from the aerodynamic data tables.   This subroutine uses the basic 
aerodynamic data table (DT) with either the subsonic aerodynamic data 
table (DP) to obtain the loading parameters for the basic lifting surfaces. 
For deflected flap conditions, the DF table is used to obtain flap loading 
parameters. 

The mach number parameter, B , is defined as: 

1. Subsonic:       B = yi-W 

2. Supersonic:   B = yM^l 

When vehicle speed is close to mach 1, this parameter approaches zero such 
that table parameters cannot be evaluated.    In order to circumvent this situ- 
ation, the following rule is applied: 

If 1.0 > M >0.95       M = 0.95 

If 1.1> M l 1.0 M » 1.1 
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USPAN is called by either BLOITL or FATMG.   IVhen called by BLCNTL, 
airloading distributions are calculated for all lifting surfaces (wing, hori- 
zontal, and vertical).    The control word NF has a preassigned value of -1. 
When this routine is called by PATMG, NF is equal to +1 designating the calcu- 
lation of flaps up wing spanwise loading distributions only. 

The range of weight evaluation stations do not necessarily encompass the 
total lifting surface which is required in the loading calculations.   The 
following sketch depicts the orientation of the load evaluation stations rela- 
tive to the weight evaluation stations. 

WEIGHT 
EVALUATION 
STATIONS 

1 : 1                 * j       I i        J ;     ( i 7      8       9      1 0     11 

l      i      i      i i     i      •      i     i —i 

3        1 2    1 1      1 0 9       1 < 1     ( S      < 5       ' » }       2    1 
LOAD 

2 1 EVALUATION 
STATIONS 

Arrays and Variables Used 

BB Vehicle design criteria at load condition 

BC Vehicle design data 

QW Vehicle mach number at load condition (BB(10)) 

DB Pemanent file subsonic aerodynamic data 

DP Permanent file deflected flap aerodynamic data 

DP Permanent file supersonic aerodynamic data 

DT Permanent file aerodynamic data 

ND Basic load calculation controls and indicators 
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NF Control to direct calculation 

I 

-1 ■ calculate distribution for all surfaces 
1 ■ calculate distribution for wing only 

VT    Vertical tail identification 

5 = single tail 
6 = dual tail 
7 = T-type tail 

Arrays and Variables Calculated 

BU   Unit spanwise loading, lift curve slope, and center-of-pressure 
data 

IP   Wing type and position indicator 

-1 = fixed wing 
0 = variable sweep wing, forward position 
1 ■ variable sweep wing, aft position 

Scratch Arrays and Variables 

BD   Spanwise loading parameters, refer to Table 66 

BS   Refer to Table 67 

DX   Normal distance from load reference to local center of pressure 
(BD) 

ED Noimalized spanwise stations for tabulated data (BD) 

ES Normalized spanwise stations for load evaluation (BD) 

I Scratch counter 

J Scratch counter 

K Scratch counter 

L Scratch counter 

M Scratch counter 
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BB   Surface center of pressure data 



NT   Surface indicator 

YA   Subsonic lift curve slope parameter 

YB   Spanwise loading parameter 

YC   Spanwise loading parameter 

YS   Unitired spanwise loading parameter 

Labeled Common Arrays 

IQ(52)   0 ■ Print output of loading parameters and unit spanwise loads 
1 ■ Do not print 

Mass Storage File Records 

None 

Error Messages 

None 
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TABLE 66. BD ARRAY VARIABLES IN SUBROUTINE USPAN 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

1 

• 

YA(1) 

• 

BC^/K Subsonic lift curve slope parameter at 
taper ratio « 0 (Kj in DT array) 

To 

Subsonic lift curve slope parameter at 
taper ratio = 1.0 (K4 in DT array) 

4 YA(4) BC^/K 

5 YA(5) Not used 

6 YB(1) C£C/CLCAV Subsonic spanwise loading parameter at 
taper ratio ■ 0, percent span = 0 
(Vi and Hi in DT array) 

r/Vab/2 Supersonic spanwise loading parameter at 
taper ratio ■ 0, percent span ■ 0 

• 

ctc/cLcAV 

• 

Deflected flap spanwise loading parameter 
at load evaluation station 1 for flap span 
from centerline to inboard flap station 

To 

Subsonic spanwise loading parameter at 
taper ratio * 0, percent span ■ 0.924 
i\l and ^ 4 in DT array) 

18 YBC13) C|C/CLCAV 

■ 

r/vtfb/2 Supersonic spanwise loading parameter at 
taper ratio ■ 0, percent span = 0.924 

c£c/cLcAV Deflected flap spanwise loading parameter 
at load evaluation station 13 for flap 
span from center line to inboard flap sta- 
tion 

• • To 

21 YBC16) C|C/CLCAV Subsonic spanwise loading parameter at 
taper ratio ■ 1, percent span = 0.924 
(\4 and 114 in DT array) 

r/vab/2 Supersonic spanwise loading parameter at 
taper ratio ■ 1, percent span ■ 0.924 
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TABLE 66. BD ARRAY VARIABLES IN SUBROUTINE USPAN CCONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

22 

25 

26 

29 

30 

31 

35 

36 

• 

48 

49 

50 

51 

• 

63 

64 

65 

YB(17) 

YB(20) 

YC(1) 

YCC4) 

YC(5) 

mi) 

EDC5) 

ESCD 

ES(13) 

ESC14) 

ES(15) 

YS(1) 

t 

YS(13) 

YS(14) 

YS(15) 

C.C/CLCAV 
or, r/Vab/2 

C|C/CLCAV 
or, r/Vab/2 

C|C/CLCAV 
or, r/Vttb/2 

5 

SI 

^13 

Not used 

To 

Not used 

Spanwise loading parameter at percent 
span ■ 0 (ni in DT array) 

To 

Spanwise loading parameter at percent 
span ■ .924 (14 in DT array) 

Spanwise loading parameter at percent 
span = 1.0 (value is 0.0) 

Percent span for YC(1) 

To 

Percent span for YC(5) 

Percent span at load evaluation station 1 
(tip station) 

To 

Percent span at load evaluation station 13 
(root station) 

Not used 

Not used 

Interpolated or unitized spanwise loading 
parameter at nsi (tip) 

To 

Interpolated or unitized spanwise loading 
parameter at ^j^ (root) 

Not used 

Not used 
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TABLE 66 . BD ARRAY VARIABLES IN SUBROUTINE USPAN (CONCL) 

Variable Engrg 
Loc Name Symbol Description 

66 DX(1) AXAi Normal distance fron load reference to the 
local CP at station nsi CtiP) 

• • • To 

78 DXC13) AXA23 Normal distance from load reference to the 
local CP at station nsiS (root) 

79 DX(14) Not used 

80 DX(1S) Not used 

81 Not used 

• To 

88 Not used 

89 Surface carryover lift reduction factor 

90 Total sunmated surface lift per side 
unreduced for carry-over lift loss 

91 Not used 
• To 

160 Not used 
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TABLE 67. BS ARRAY VARIABLES IN SUBROUTINE USPAN 

Loc 
Engrg 
Symbol |              Description                j! 

|     1 A Aspect ratio                          | 

1     2 
AB Ccmpressible sweep parameter, deg           ! 

1     3 
\ |  Taper ratio 

4 ALE Sweep of the leading edge, deg 

5 B/K Compressible lift curve slope correction 
factor 

1     6 
BA/K Aspect ratio parameter (subsonic) 

7 BA Aspect ratio parameter (supersonic)          | 

8 Bm Sweep parameter (supersonic)               i 

9 Summation of distributed lift from root to 
tip 

1   io (X/C)cp Section center of pressure to chord ratio 
due to mach number 

11 CR Root section chord (apex chord), in 

12 b/2 Surface semispan, in. 

13 YB Body half width (surface-body interface), 
in. 

14 
^ 

Fraction of sanispan at surface-body inter- 
face 

15 YF0/b/2 Outboard flap station to wing semispan ratio 

16 YFI/b/2 Inboard flap station to wing sanispan ratio 

17 M Mach nunber at load condition 

18 KA Sweep correction factor calculations 

19 (V
C
A)R Swept reference chord to section chord ratio    1 

I    20 CAB Swept chord at body-surface interface        I 
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SUBROUTINE BNLDS 

General Description 

Deck name: BNLDS 
Entry name: BNLDS 
Called by: BLCNTL 
Subroutines called: ATMOS 
Function routines called: CODIM2 

This subroutine calculates the component gross limit airloads and centers 
of pressure for the different flight conditions. Function routine ATMOS is 
used to obtain the density of air and the speed of sound at the altitude for 
the specific flight condition. Dynamic pressure and equivalent airspeed is 
calculated from this data 

q "  1/2 pV2 = 1/2 pM2 C 2 lb/ft2 
e a 

where: 

3 
p - density of air, slugs/ft 

M ■ vehicle mach number 
2 

C_ ■ speed of sound, ft/sec 

V = y/29Sq,  knots 
e 

Methods described in Section II of this report are used to calculate 
component loads for: 

1. Balanced maneuver conditions 
2. Vertical gust conditions 
3. Lateral gust conditions 
4. Pitching acceleration conditions 
5. Yawing acceleration conditions 
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The different types of load conditions are designated by the control word NX. 
Specific definition of NI is as follows: 

NI Load Condition 
Value Ho. Description 

1 -    7 Flaps-up balanced maneuver 
8 Flaps-down balanced maneuver 
9 Flaps-down balanced maneuver 

10 - 13 Positive vertical gust 
14 - 17 Negative vertical gust 
18 - 19 Lateral gust 
20 - 21 Pitching acceleration 
22 - 23 Yawing acceleration 

Arrays and Variables Used 

BB        Vehicle design criteria and center-of-pressure data at load condi- 
tion 

BC Vehicle design data 

BO Load condition identification nunber 

BU        Unit spanwise loading, lift curve slope, and center of pressure 
data 

DF        Permanent file deflected flap aerodynamic data 

IP        Wing, type and position indicator 

-1 ■ fixed wing ' 
0 ■ variable sweep wing, forward position 
1 ■ variable sweep wing, aft position 

ND        Basic load calculation controls and indicators 

NI Load condition type indicator 

Arrays and Variables Calculated 

BO        Component airloads, centers of pressure, and vehicle load factor 
and accelerations 

BU        Exposed wing and horizontal tail loads 
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Scratch Arrays and Variables 

BD   Initial component load estimates, refer to Table 68 

BS   Refer to Table 69 

I    Scratch counter 

J    Scratch counter 
i 

K    Scratch counter 

NT   Surface indicator 

Labeled Cairoon Arrays 

IQ(50)   0 ■ Print output of component airloads, centers of pressure, 
and vehicle inertia factors 

i 

1 ■ Do not print 

Mass Storage File Records 

None 

Error Messages 

None 

■ 
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TABLE 68. BD ARRAY VARIABLES IN SUBROUTINE BNLDS 

1    Loc 
1  Engrg 

Symbol Description 

1 pZNO Initial estimate of nose lift             | 

2 PZW(B)0 Initial estimate of wing lift in presence     \ 
of body due to angle of attack             | 

i       3 
PZB0V)O Initial estimate of body lift in presence 

of wing due to angle of attack 

i       4 
PZHO Initial estimate of horizontal tail lift 

|!      5 PZW(B)F0 Initial estimate of wing lift in presence 
of body due to deflected flaps             1 

1     6 
PZB(W)FO Initial estimate of wing lift in presence     \ 

of body due to deflected flaps 

7 APZNG Incremental nose lift due to gust 

8 APZWCB)G Incremental wing lift in presence of body     | 
due to gust 

i      9 APZBOOG Incremental body lift in presence of body 
due to gust 

10 APZHG Incremental horizontal tail lift due to 
gust 

i     11 Not used                            | 

• To                                 j 

160 Not used 
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TABLE 69. BS ARRAY VARIABLES IN SUBROUTINE BNLDS 

Loc 
Engrg 
Symbol Description 

1 P Density of air at load condition altitude, 
slugs/ft3 

2 PH Ambient pressure at load condition alti- 
tude, psi 

3 cs Speed of sound at load condition altitude, 
ft/sec 

4 q Dynamic pressure, lb/ft2 

5 Ve Equivalent airspeed, knots 

1      6 %(B)f Center of pressure for flap increment on 
wing in presence of body, in. 

7 ^BOOf Center of pressure for flap increment on 
body in presence of wing, in. 

8 CLWO Initial wing lift coefficient estimate 

9 ACLf Initial wing lift coefficient due to flap 
deflection estimate 

10 Nz Vehicle vertical load factor 

11 Oo Initial estimate of vehicle angle of 
attack, radians 

12 SPZO Summation of initial estimated vehicle 
component lift loads 

13 APZH Incremental horizontal tail load required 
to produce specified pitch acceleration 

14 M Vehicle mass ratio 

15 kg Gust alleviation factor 

16 Ratio of required airload to estimated total 
airload 

17 

20 

Not uied 
To 
Not used 
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SUBROUTINE SPABM 

General Description 

Deck name:    SPABM 
Entry name:    SPABM 
Called by:    BLCNTL 
Subroutines called:   None 

This subroutine calculates the limit airload shear, bending moment, and 
torsion along the load refeience line for each of the lifting surface.    Limit 
loads are obtained by multiplying the surface air loads calculated in BNLDS 
by the unit spanwise distributions calculated in USPAN.    The counter ID is 
used to designate the surface and type of calculation involved. 

ID 
Value 

1 
2 
3 
4 
5 
6 

Load and 
Surface Designation 

Basic wing loads 
Wing loads due to deflected flaps 
Horizontal tail loads 
Dual vertical tail 
Single vertical tail 
T-type vertical tail (horizontal mounted on 
vertical tail tip) 

Wing load calculations assume half the total lift on each panel.    Limit 
loads are obtained by combining the basic wing load contribution with the 
deflected flap contribution. 

(12) 
For the horizontal tail, an unsyranetrical loading^      of 15 percent 

greater than half the total surface load is used to calculate panel design 
airload shear bending moment and torque. 

Vertical tail load calculations are dependent on the type of surface. 
For dual tails, 55 percent of the total airload is used to calculate panel 
design airload shear, bending moment, and torque. 

On T-type tails the unsyranetrical horizontal tail moment contribution is 
combined with the vertical tail airload shear, bending moment, and torque. 

For a single vertical tail, the relative position of the horizontal tail 
is checked to determine whether the unsyranetrical horizontal tail moment acts 
at any vertical tail load evaluation station. 

> 
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Arrays and Variables Used 

BB Vehicle design criteria and center-of-pressure data at load 
condition 

BC   Vehicle design data 

BO   Component airloads, centers of pressure, and vehicle inertia 
factors 

BU   Unit spanwise loading, lift curve slope, and center of pressure 
data 

IP   Wing type and position indicator 

-1 3 fixed wing 
0 = variable sweep wing, forward position 
1 ■ variable sweep wing, aft position 

ND        Basic loads calculation controls and indicators 

Arrays and Variables Calculated 

BO        Component spanwise swept stations and airload shear, bending 
moment, and torque 

Scratch Arrays and Variables 

BS(1) Surface airload per panel for scaling unit spanwise loads, lb 

BS(2) Surface semispan (span of vertical tail), in. 

BS(3) Sweep of surface load reference axis, degrees 

BS(5) Horizontal tail unsymmetrical moment contribution to vertical 
tail loads. 

0 ■ no effect 
1.0 = add unsyimvetrical moment 

BS(6) Swept distance from vertical tail root to horizontal tail 
plane 

I Scratch counter 

ID Surface indicator 

I 
. 
L_- 
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J Scratch counter 

K Scratch counter 

L Scratch counter 

M Scratch counter 

VI Cosine of surface load reference axis sweep 

V2 Sine of surface load reference axis sweep 

Labeled Common Arrays 

IQ(51)   0 ■ Print output of surface airload shear, bending moment, and 
torque at load reference stations 

1 a Do not print 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBROUTINE MAXLDS 

General Description 

Deck name: MAXLDS 
Entry name: MAXLDS 
Called by: BLCNTL 
Subroutines called: None 

This subroutine calculates net loads by combining airloads and inertia 
loads. Loads are normalized for temperature by applying the structure 
material compression yield stress ratio to the calculated net loads. Compara- 
tive tests between previously calculated net loads envelope data with net 
loads for the specific loads condition is used to determine the design loads 
envelope. Net loads envelopes are determined for the wing, horizontal tail 
and vertical tail by evaluating all flight conditions. Wing net taxi loads 
are also examined to determine whether the taxi condition is critical. Should 
taxi define part of the wing load envelope, the net loads are saved as ficti- 
tious airload, and the inertia load factor ratio is set to zero. 

This routine writes the component airload data (BO array) into records 
160 to 183. 

Arrays and Variables Used 

BB        Vehicle design criteria at load condition 

BC        Vehicle design data 

BMH        Horizontal tail and content 1 g inertia bending moment 

BMV        Vertical tail and content 1 g inertia bending moment 

BMW2       Wing only 1 g inertia bending moment (wing fixed or 
forward) 

BM12       Wing and content 1 g inertia bending moment at BFDW (wing 
fixed or aft) 

BM2G       Wing net bending moment at 2 g taxi at MDW (wing fixed or 
forward) 

BM21       Wing and content 1 g inertia bending moment at MDW (wing 
fixed or forward) 

BM22       Wing and content 1 g inertia bending moment at BFDW (wing 
fixed or forward) 
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BM23 

BO 

I 

ND 

NHOR 

NVER 

NWING 

POSNZ 

sm 

STV 

STO 

SVF 

S80H 

S80V 

S80W 

IBffH 

TEMPV 

Wing and content 1 g inertia bending moment at LEW (wing 
fixed or forward) 

Vehicle component airload, centers of pressure, and inertia 
factors 

Load condition number counter 

Basic load calculation controls and indicators 

Munter of values in the horizontal tail stress, G, tempera- 
ture tables 

Number of values in the vertical tail stress, G, tempera- 
ture tables 

Number of values in the wing stress, G, temperature tables 

Maximum positive maneuver load factor 

Horizontal tail material compression yield strength at 
material library temperatures 

Vertical tail material compression yield strength at 
material library temperatures 

Wing material compression yield strength at material 
library temperatures 

Ambient condition, temperature, and structural component 
material property data array 

Horizontal tail material compression yield strength 
at 80° F 

Vertical tail material conpression yield strength at 80° F 

Wing material compression yield strength at 80° F 

Horizontal tail material temperature for library values of 
compression yield strength and shear modulus 

Vertical tail material temperature for library values of 
compression yield strength and shear modulus 
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TEMPW 

TSKINF 

T2G 

VH 

W 

VW2 

V12 

V2G 

V21 

V22 

V23 

WLD 

XNEOJZ 

Wing material temperature for library values of 
conpression yield strength and shear modulus 

Equilibrium structure temperature at load conditions 

Wing net torque at 2 g taxi at MDW (wing fixed or forward) 

Horizontal tail and content 1 g inertia shear 

Vertical tail and content 1 g inertia shear 

Wing only 1 g inertia shear (wing fixed or forward) 

Wing and content 1 g inertia shear at BFDW (wing fixed or 
aft) 

Wing net shear at 2 g taxi at MDW (wing fixed or forward) 

Wing and content 1 g inertia shear at MDW (wing fixed or 
forward) 

Wing and content 1 g inertia shear at BFDW (wing fixed or 
forward) 

Wing and content 1 g inertia shear at LDW (wing fixed or 
forward) 

Structural component normalized inertia loads array. 

Maximum negative maneuver load factor 

Arrays and Variables Calculated 

IDUM 

RC 

RNZ 

SAVE 

SAVET 

STEMPH 

STBiPV 

Net design load condition indicators 

Wing content normalizing factors 

Load factor normalizing factors 

Design airload shears and bending moments 

Design airload torques 

Horizontal tail compression yield strength at load condi- 
tion equilibrium structure temperature 

Vertical tail compression yield strength at load condition 
equilibrium structure temperature 
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STEMPW     Wing compression yield strength at load condition 
equilibrium structure temperature 

XNET       Net design loads array normalized to room temperature 
reference 

Scratch Arrays and Variables 

BNET       Net bending moment normalized to room temperature reference 

BWPC       Wing and content 1 g inertia bending moment at load 
condition 

HINZ       Local vertical load factor at horizontal tail CG 

III        Scratch counter 

IND        Wing position and vehicle weight indicator 

1 « wings fixed or forward at BFDW (reference) 
0 » all other conditions 

J Scratch counter 

K Scratch counter 

LI Scratch counter 

12 Scratch counter 

M Scratch counter 

N Scratch counter 

NTEMP Number of value. 

RSH Ratio of horizoj Ratio of horizontal tail material strength at room 
tenperature to strength at load condition 

RSV       Ratio of vertical tail material strength at room tempera- 
ture to strength at load condition 

RSW       Ratio of wing material strength at room temperature to 
strength at load condition 
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STRESS     Material compression yield strength at material library 
temperatures 

STREST      Interpolated material compression yield strength at load 
condition structure temperature 

TEMP       Material temperature for library values of compression 
yield strength and shear modulus 

VNET       Net shear normalized to room temperature reference 

VftJY       Local lateral load factor at vertical tail CG 

VWPC       Wing and content 1 g inertia bending moment at load 
condition 

WD(103)     Total fuel at maximum design weight, lb 

WD(104)     Incremental fuel expended from maximum design weight to 
basic flight design weight, lb 

WD(105)     Incremental payload expended form maximum design weight 
to basic flight design weight, lb 

WHVLID      Indicator for each of the load conditions examined 

XCG       Vehicle CG at load condition 

XCGKT      CG of horizontal tail and contents 

XCGVT      CG of vertical tail and contents 

Labeled Common Arrays 

XMISC(I5)   Wing structure material identification number 

XMISC(19)   Horizontal tail structure material identification number 

XMISC(23)   Vertical tail structure material identification number 

Mass Storage File Records 

Records 21, 159-183 

Error Messages 

None 

\ 
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SUBROUTINE WHVNET 

General Description 

Deck name: WHVNET 
Entry name: WHVNET 
Called by: BLQJTL 
Subroutines called: None 

This subroutine organizes the net loads envelope data, calculates 
nomalizing factors, and stores the data for use by the wing and empennage 
weight estimating module. 

Since lifting surface evaluation assumes that the positive net shear and 
bending moment are larger than the negative loads, horizontal tail airloads 
are reversed when the net negative bending moment at the root weight analysis 
station is greater than the net positive bending moment. When the loads are 
reversed, an indicator is placed in XMISC(42). When this indicator is not 
zero, the reference positive and negative load factors are reversed in the 
weight estimating module calculations. 

The routine uses the structure temperature associated with the load con- 
dition which results in the design net positive bending moment at the surface 
root weight evaluation station as a reference. This reference temperature is 
used to determine strength normalizing factors for the surface loads 
envelope. 

Arrays and Variables Used 

IDUM       Net design load condition indicators 

ND        Basic load calculation controls and indicators 

RC 

RNZ 

SAVE 

SAVET 

STEMPH 

STEMPV 

Wing content normalizing factors 

Load factor normalizing factors 

Design airload shears and bending moments 

Design airload torques 

Horizontal tail material compression yield strength at 
load condition equilibrium structure temperature 

Vertical tail material compression yield strength at load 
condition equilibrium structure temperature 
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STEMPW     Wing material compression yield strength at load condition 
equilibrium structure tenperature 

SVF       Ambient condition, temperature, and structural component 
material property data array 

S80W       Wing material compression yield strength at 80° F 

TSKINF     Equilibrium structure temperature at load conditions 

XNET       Net design load array normalized to room tenperature 
reference 

Arrays and Variables Calculated 

DCM        Design airload shears and bending moments normalized to 
reference design temperature 

RATIO      Load factor, temperature, and content normalizing factors; 
refer to Table 70 

RS        Temperature normalizing factors; refer to Table 71 

Scratch Arrays and Variables 

IDBM       Intermediate storage for horizontal tail design bending 
moment load condition number 

IDSH       Intermediate storage for horizontal tail design shear load 
condition 

IH        Load condition number that produces design positive bend- 
ing moment at horizontal tail root weight analysis station 

II Intermediate storage of design load condition numbers 

IND        Indicator to designate region in DUM array to be cleared 

IV        Load condition nunber that produces design positive bending 
moment at vertical tail root weight analysis station 

IW        Load condition nunber that produces design positive bending 
moment at wing root weight analysis station 

LI        Scratch counter 

L2        Scratch counter 
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RATIOS 

RNZSAV 

RSSAV 

SAVEBM 

SAVESH 

SAVKSV 

SAVETW 

STRH 

STRV 

STRW 

THT 

TVT 

TWING 

Scratch counter 

Intermediate storage of horizontal tail normalizing factors 

Intermediate storage of horizontal tail load factor 
normalizing factors 

Intermediate storage of horizontal tail temperature 
normalizing factors 

Intermediate storage of horizontal tail airload bending 
moments 

Intermediate storage of horizontal tail airload shears 

Intermediate storage of horizontal tail airload shears and 
bending moments 

Intermediate storage of horizontal tail airload torques 

Horizontal tail material compression yield strength at 
reference design temperature 

Vertical tail material compression yield strength at 
reference design temperature 

Wing material compression yield strength at reference 
design temperature 

Horizontal tail structure temperature (reference tempera- 
ture) at load condition that produces design positive 
bending moment at root weight analysis station 

Vertical tail structure temperature (reference temperature) 
at load condition that produces design positive bending 
moment at root weight analysis station 

Wing structure temperature (reference temperature) at load 
condition that produces design positive bending moment at 
root weight analysis station 

Labeled Common 

IP(53) 0 ■ Print output of design loads envelope and normalizing 
factors 

1 ■ Do not print 
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XMISC(8) Wing design temperature (reference temperature) 

XMISC(9) Horizontal tail design temperature (reference temperature) 

XMISC(IO) Vertical tail design temperature (reference temperature) 

XMISC(15) Wing structure material identification number 

XMISC(19) Horizontal tail structure material identification number 

XMISC(23) Vertical tail structure material identification number 

XMISC(42) Indicator to designate that horizontal tail loads data 
have been reversed 

0 ■ Loads have not been reversed 
1 ■ Loads have been reversed 

Mass Storage File Records 

Records       17 and 32 

Error Messages 

None 
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TABLE 70. RATIO ARRAY VARIABLES 

Loc Description 

1-11 

12-22 

Load factor ratio times temperature correction 
ratio at design net positive shear for wing weight 
analysis stations 11 to 1 

Load factor times temperature correction ratio at 
design net negative shear for wing weight analysis 
stations 11 to 1 

23-33 

34-44 

45-55 

56-66 

67-77 

78-88 

88-99 

11)0-110 

Load factor ratio times temperature correction 
ratio at design net positive bending moment for 
wing weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net negative bending moment for 
wing weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net positive shear for horizontal 
tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net negative shear for horizontal 
tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net positive bending moment for 
horizontal tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net negative bending moment for 
horizontal tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net positive shear for vertical 
tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net negative shear for vertical 
tail weight analysis stations 11 to 1 
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TABLE 70. RATIO ARRAY VARIABLES (CONT) 

Loc 

111-121 

122-132 

133-143 

144-154 

155-165 

166-176 

177-187 

188-198 

199-209 

Description 

Load factor ratio times temperature correction 
ratio at design net positive bending moment for 
vertical tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net negative bending moment for 
vertical tail weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio times content ratio at design net positive 
shear for wing weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio times content ratio at design net negative 
shear for wing weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio times content ratio at design net positive 
bending moment for wing weight analysis sta- 
tions 11 to 1 

Load factor ratio times temperature, correction 
ratio times content ratio at design net negative 
bending moment for wing weight analysis sta- 
tions 11 to 1 

Load factor ratio times temperature correction 
ratio at design net torque associated with posi- 
tive bending moment for wing weight analysis 
stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net torque associated with nega- 
tive bending moment for wing weight analysis 
stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net torque associated with posi- 
tive bending moment for horizontal tail weight 
analysis stations 11 to 1 
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TABLE 70.    RATIO ARuAY VARIABIPS (CONCL) 

Loc Description 

210-220 

221-231 

232-242 

243-254 

254-264 

Load factor ratio times temperature correction 
ratio at design net torque associated with nega- 
tive bending moment for horizontal tail weight 
analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net torque associated with posi- 
tive bending moment for vertical tail weight 
analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio at design net torque associated with nega- 
tive bending moment for vertical tail weight 
analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio times content ratio at design net torque 
associated with positive bending moment for wing 
weight analysis stations 11 to 1 

Load factor ratio times temperature correction 
ratio times content ratio at design net torque 
associated with negative bending moment for wing 
weight analysis stations 11 to 1 
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TABLE 71.    RS ARRAY VARIABLES 

■ 

Loc Description 

1-11 Temperature correction ratio at positive design 
shear for wing weight analysis stations 11 to 1 

12-22 Temperature correction ratio at negative design 
shear for wing weight analysis stations 11 to 1 

23-33 Temperature correction ratio at positive design 
bending moment for wing weight analysis sta- 
tions 11 to 1 

34-44 Temperature correction ratio at negative design 
bending moment for wing weight analysis sta- 
tions 11 to 1 

45-55 Temperature correction ratio at positive design 
shear for horizontal tail weight analysis sta- 
tions 11 to 1 

56-66 Temperature correction ratio at negative design 
shear for horizontal tail weight analysis sta- 
tions 11 to 1 

67-77 Temperature correction ratio at positive design 
bending moment for horizontal tail weight analy- 
sis stations 11 to 1 

78-88 Temperature correction ratio at negative design 
bending moment for horizontal tail weight analy- 
sis stations 11 to 1 

89-99 Temperature correction ratio at positive design 
shear for vertical tail weight analysis sta- 
tions 11 to 1 

100-110 Tenperature correction ratio at negative design 
shear for vertical tail weight analysis sta- 
tions 11 to 1 

246 
N •• 

I 



TABLE 71. RS ARRAY VARIABLES (CONCL) 

Loc Description 

111-121 

122-132 

Temperature correction ratio at positive design 
bending moment for vertical tail weight analysis 
stations 11 to 1 

Temperature correction ratio at negative design 
bending moment for vertical tail weight analysis 
stations 11 to 1 
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SUBROUTINE FUSNET 

General Description 

Deck name: FUSNET 
Entry name: FUSNET 
Called by: BLCNTL 
Subroutines called: None 

This subroutine is called for each of the flight conditions and for the 
2 g taxi condition to organize the airload data required by the fuselage 
weight estimation module. The reorganized data is stored in mass storage file 
record 33 after the completion of all load condition calculations. 

Arrays and Variables Used 

BE      Vehicle design criteria and center-of-pressure data at load 
condition 

BC      Vehicle design data 

BO      Conponent airloads, centers of pressure, and vehicle load 
factor and accelerations 

ND      Basic load condition calculation controls 

SVF     Ambient condition, temperature, and structural component 
material property data array. 

TSKINF   Equilibrium structure temperature at load conditions 

I       Load condition number counter 

Arrays and Variables Calculated 

FUS     Vehicle load, centers of pressure, load factor, accelera- 
tions, and structure temperature array (refer to Table 72). 

Scratch Arrays and Variables 

J       Scratch counter 

K       Scratch counter 

KK      Scratch counter 

N       Scratch counter 

248 



Labeled Common Arrays 

XMISC(35) Vehicle sink speed at landing condition (1=9) 

XMISC(36) Main landing gear stroke 

XMISC(37) Ratio of ultimate to limit loads 

XMISC(38) Taxi load factor (2.0 g) at taxi condition (1-24) 

Mass Storage File Records 

Record 33 

Error Messages 

None 
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TABLE 72. FUS ARRAY VARIABLES 

Location |                Description 

1 Load condition input data indicator (LDT):           j 

• 0.0 or blank if condition is not investigated      j 
• 2.0 if condition is to be evaluated and locations   j 
• 2 through 28 are defined                     i 

j      2 Load condition type indicator (LDC) 

1.0 - balanced flight with flaps up 
2.0 - balanced flight with flaps down 
3.0 - two-wheeled landing 
4.0 - vertical gust                         1 
5.0 - lateral gust                          j 
6.0 - pitching acceleration 
7.0 - yawing acceleration 
8.0 - taxi                                 | 

il      3-4 Not used 

5 Temperature 

6 Factor to convert limit load to ultimate load. 

7 Vertical load factor 

1      8 Lateral load factor 

!      9 Wing leading edge apex at centerline of fuselage 

10 Pitching acceleration 

1     11 
Yawing acceleration                           l 

12 Vehicle sink speed 

13      j Landing gear stroke 

14      j Vehicle velocity 
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TABLE 72. FUS ARRAY VARIABLES (CONT) 

Location 

15 

16 

17 

18 

19 

20 

21 

22 

Description 

Altitude 

Forebody limit lift 

Center of pressure of forebody lift - longitudinal 
station 

Wing carryover limit lift 

Center of pressure of carryover lift - longitudinal 
station 

Wing outer panel limit lift 

Center of pressure of wing lift - longitudinal 
station 

Center of pressure of wing lift - lateral station 

23 ;   Horizontal tail limit lift 

24 Center of pressure of horizontal tail lift - 
longitudinal station 

25 Center of pressure of horizontal tail lift - lateral 
station 

26 Vertical tail limit lift 

27 Center of pressure of vertical tail lift - 
longitudinal station 

28 Center of pressure of vertical tail lift - lateral 
station                                   j 

29-56 Load data for condition 2. Data are organized in the 
same sequence as noted for locations 1 through 28 

57-84 Load data for condition 3                       | 
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TABLE 72. FUS ARRAY VARIABLES (CONCL) 

Location Description 

85-112 

113-140 

141-188 

169-196 

197-224 

225-252 

253-280 

281-308 

309-336 

337-364 

365-392 

393-420 

421-448 

449-476 

477-504 

505-532 

533-560 

561-588 

589-616 

617-644 

645-672 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

Load data 

for condition 4 

for condition 5 

for condition 6 

for condition 7 

for condition 8 

for condition 9 

for condition 10 

for condition 11 

for condition 12 

for condition 13 

for condition 14 

for condition 15 

Load data for condition 16 

Load data for condition 17 

Load data for condition 18 

Load data for condition 19 

Load data for condition 20 

Load data for condition 21 

Load data for condition 22 

Load data for condition 23 

Load data for condition 24 

I 
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SUBROUTINE FATMG 

General Description 

Deck name: FATMG 
Entry name: FATMG 
Called by: BLCNTL 
Subroutines called: USPAN, ATMOS 
Function routines called: CODIM2, FCODM2 

This subroutine calculates bending moment spectra at a wing side of body 
station (unswept) and at an outboard swept span station. Maneuver and gust 
spectra are calculated for eight flight segments. Two taxi segments and a 
ground-air-ground segment are also calculated. Methods described in Sec- 
tion II of this report are used to calculate spectra data. 

For the eight flight segments, this routine: 

1. Uses the appropriate blocked mission segment tables (DS array) to 
obtain vehicle weight, altitude, and Mach number. 

2. Calls USPAN to obtain the spanwise loading distribution and unit 
unswept bending moment at the side of body station. 

3. Calls C0DIM2 to interpolate spanwise loading distribution for the 
swept unit bending moment at the outboard wing station. 

4. Calls C0DIM2 to interpolate inertia data (BC array) for the 
appropriate inertia bending moments at the two wing stations. 

5. Calculates maneuver exceedences by using table data (DE array). 

6. Calls AIMOS to obtain air density and speed of sound at spectra 
segment average altitude. 

7. Calls C0DIM2 to interpolate DG array tables for turbulence field 
parameters. 

8. Calls FC0DM2 to interpolate DR array tables for gust response 
factors. 

9. Calculates 1 g bending moments, spectra bending moments, gust 
exceedances, and maneuver exceedances. 
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Taxi spectra, segments No. 9 and 10, are calculated at the designated 
vehicle taxi and landing weights. Taxi load factor table data (DI array) and 
inertia data (BC array) are used to calculate exceedances and bending moments. 

Segment No. 11 is the ground-air-ground spectra. Airload bending 
moments are obtained from the first flight segments. The flight moments are 
calculated for a load factor which is half of the maximum vehicle maneuver 
load factor. Ground moments are calculated for 1.2 g taxi 

Calculated spectra data are stored in the BO and BMAN arrays. This 
datum is subsequently transferred to the DUWY array which is written on mass 
storage file record 35 for use by the fatigue module. 

Arrays and Variables Used 

BC   Vehicle design data and wing inertia bending moments at fatigue 
evaluation stations 

BU   Unit spanwise loading, lift curve slope, and centers of pressure 
data 

DE Permanent file maneuver load factor spectra tables 

DC Permanent file turbulence field parameters 

DI Permanent file taxi load factor spectra tables 

DR Permanent file gust response factors 

DS Blocked mission segment tables 

NA Air vehicle category indicator 

1 • fighter 
2 « attack 
3 = tactical bomber 
4 = strategic bomber 
5 ■ cargo assault 
6 • cargo transport 

ND   Basic loads calculation controls and indicators 

Arrays and Variables Calculated 

BB   Vehicle design criteria at mission segment 

NF   Load distribution calculation control 
1 ■ wing only, flaps up 
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Scratch Arrays and Variables 

BD Refer to Table 73 

BMAN Maneuver exceedences. refer to Table 76 

BO Spectra bending moments and exceedences, refer to Table 75 

BS Refer to Table 74 

DUNWY Refer to Tables 75 and 76 

I Scratch counter 

J Scratch counter 

K Scratch counter 

L Scratch counter 

LIMIT Scratch counter 

LI Scratch counter 

L2 Scratch counter 

M Scratch counter 

N Scratch counter 

NG Scratch counter 

NN Scratch counter 

NS Spectra segment number counter 

NY Blocked mission segment type indicator 

Labeled Common Arrays 

IQ(55) 1 ■ Print output of wing bending moment spectra data 
0 ■ Do not print 

Mass Storage File Records 

Records 5-9, 35 

Error Messages 

None 
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TABLE 73. BD ARRAY VARIABLES IN SUBROUTINE FATMG 

Loc 
Engrg 
Symbol Description 

1 Maneuver exceedences for spectra load factor 1         | 

In      * To                                        j 

20 Maneuver exceedences for spectra load factor 20 

21 Taxi spectra load factor 1                       j 

1 To                                         i 

40 Taxi spectra load factor 20                       i 

41 -AN^ Exponent for gust exceedence calculation             1 

i 42 
-ANZ/ÄB2 Exponent for gust exceedence calculation 

1  43 Mx/Nz Net unswept bending moment per g at wing side of body 
station for flight segment                        | 

44 VNz Net swept bending moment per g at wing outboard station 
for flight segment                              | 

1  45 Unswept inertia bending moment per g at wing side of    j 
body station for flight portion of ground-air-ground 
segment 

46 Swept inertia bending moment per g at wing outboard 
station for flight portion of ground-air-ground segment 

1  47 
VWOF Landing weight to taxi weight ratio                j 

1  48 Unswept irertia bending moment per g at wing side of 
body station for taxi at landing weight 

1  49 Swept inertia bending moment per g at wing outboard     | 
station for taxi at landing weight                 j 

i  50 1 

Half of maximum vehicle maneuver load factor          j 
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TABLE 73. BD ARRAY VARIABLES IN SUBROUTINE FATMG (CONT) 

Loc 
Engrg 
Symbol Description 

51 Unswept inertia bending moment per g at wing side of 
body station for taxi at taxi weight 

|  52 Swept inertia bending moment per g at wing outboard 
station for taxi at taxi weight 

1  53 
Not used 

^     • To 

\      56 Not used 

1  57 W 
s 

Vehicle weight at flight segment 1                  1 

'i     * • To 

64 W 
s 

Vehicle weight at flight segment 8 

1  65 ts Vehicle time at flight segment 1, hr 

i     • • •To 

I      72 ts Vehicle time at flight segment 8, hr                ! 

1  73 N
n Maneuver load factor at flight spectra point 1 

\              • • To 

92 NZ20 
Maneuver load factor at flight spectra point 20 

93 ANZG1 
Incremental gust load factor at flight spectra point 1   j 

j • To                                           j 

j 112 AN 
ZG20 

Incremental gust load factor at flight spectra point 20  | 

113 Segment type for flight segment 1 

* To                                           | 

120 Segment type for flight segment 8                   [ 

y 
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TABLE 73. BD ARRAY VARIABLES IN SUBROUTINE FATMG (CONCL) 

Engrg 
Loc Symbol Description 

121 Average mach number for flight segment 1 

• To 

128 Average mach number for flight segment 8 

129 Average altitude for flight segment 1 

• To 

136 Average altitude for flight segment 8 

137 Wing sweep position indicate for flight segment 1 

• To 

144 Wing sweep position indicator for flight segment 8 

145 Vehicle weight fraction for flight segment 1 

• To 

152 Vehicle weight fraction for flight segment 8 

153 Life fraction for flight segment 1 

• To 

160 Life fraction for flight segment 8 
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TABLE 74. BS ARRAY VARIABLES IN SUBROUTINE FATMG 

1 

1   ^oc Engrg 
Symbol Description                                           1 

i     1 
Tl Fraction of semispan at outboard wing fatigue evaluation j 

station 

2 Not used                                                                                            j 

1     3 
'»«WSB 

Unswept unit airload bending moment at wing side of body | 
station for flight segment 

1     4 
»%$ 

Swept unit airload bending moment at wing outboard sta- | 
tion for flight segment                                                               | 

1     5 
Unswept inertia bending moment per g at wing side of j 
body station for flight segment                                                 j 

i     6 Swept inertia bending moment per g at wing outboard 1 
station for flight segment 

1     7 P        I Density of air at spectra segment average altitude, I 
slugs/ft3                                                                                       | 

1        8 PH Ambient pressure at spectra segment average altitude, 
psi                                                                                                 1 

1        8 vT True vehicle air speed for spectra segment                               j 

1        9 C
S Speed of sound at spectra segment average altitude 

I    io 14 Vehicle mass ratio for spectra segment                                     \ 

1      11 pl Turbulence field parameter                                                          \ 

12 b/2 Wing semispan from subroutine USPAN 

12 Bl Turbulence field parameter, ft/sec                                            j 

13   i P2 Turbulence field parameter                                                          j 

14 B2 Turbulence field parameter, ft/sec                                            i 

15 L Scale of turbulence, ft                                                             1 

16 C/L Average wing chord to scale of turbulence ratio                      | 
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TABLE 74.  BS ARRAY VARIABLES IN SUBROIH'INE FATMG (CONCL) 

Loc 
Engrg 
Symbol 

17 

18 

19 

20 

Ä 

N 

N, EXG 

Description 

Gust response factor 

Average number of cycles of load factor per second 

Gust exceedences of incremental gust load factor 
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TABLE 75. BO AND DUNWY ARRAY VARIABLES IN SUBROUTINE FATMG 

BO 
Loc 

DUNWY 
Loc Description 

59 

60 

61 

62 

63 

64 

65 

120 

121 

122 

58 

59 

60 

61 

62 

63 

118 

119 

120 

Mission segment No. 1 (flight segment) indicator * 1.0 

Net bending moment at side of fuselage for load 
factor 1, segment 1 

Net swept bending moment at outboard wing station for 
load factor 1, segment 1 

Gust exceedences for load factor 1, segment 1 

To 

Net bending moment at side of fuselage for load 
factor 20, segment 1 

Net swept bending moment at outboard wing station for 
load factor 20, segment 1 

Gust exceedences for load factor 20, segment 1 

Mission segment number 2 (flight segment) indicator »2.0 

Net bending moment at side of fuselage for load factor 1, 
segment 2 

Net swept bending moment at outboard wing station for 
load factor 1, segment 2 

Gust exceedences for load factor 1, segment 2 

To 

Net bending moment at side of fuselage for load fac- 
tor 20, segment 2 

Net swept bending moment at outboard wing station for 
load factor 20, segment 2 

Gust exceedences for load factor 20, segment 2 
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!.• OiLli 75. BO AND DUNWY ARRAY VARIABLES IN SUBROUTINE FATM3 (CONT) 

BO 
Loc 

1 mm 
\    Loc Description 

125 - Mission segment number (flight segment) indicator «3.0   j 

124 121 Net bending moment at side of fuselage for load factor 1, 
segment 3 

125 122 Net swept bending moment at outboard wing station for 
load factor 1, segment 3 

126 123 1 Gust exceedences for load factor 1, segment 3 

• • To 

181 178 Net bending moment at side of fuselage for load fac-      ; 
tor 20, segment 3 

182 179 Net swept bending moment at outboard wing station for 
load factor 20, segment 3 

j 183 180 Gust exceedences for load factor 20, segment 3 

184 - Mission segment number 4 (flight segment) 
indicator =4.0 

185 181 Net bending moment at side of fuselage for load factor 1, 
segment 4 

186 182 Net swept bending moment at outboard wing station for 
load factor 1, segment 4 

187 183 Gust exceedences for load factor 1, segment 4           \ 

• • To 

242 238 Net bending moment at side of fuselage for load fac- 
tor 20, segment 4 

| 243 239 Net swept bending moment at outboard wing station for 
load factor 20, segment 4 

244 240 Gust exceedences for load factor 20, segment 4 

I 
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TABLE 75. BO AND HJMW ARRAY VARIABLES IN SUBROWINE FATMG (CCNT) 

! BO DUMY 
1 Loc Loc i                    Description 

!  245 - | Mission segment number 5 (flight segment)             j 
] indicator »5.0                               | 

|  ?46 241 j Net bending moment at side of fuselage for load factor 1, 
I segment 5 

i  247 242 Net swept bending moment at outboard wing station for    1 
load factor 1, segment 5 

1  248 243 Gust exceedences for load factor 1, segment 5          1 

• To                                          j 

303 298 Net bending moment at side of fuselage for load fac-     1 
tor 20, segment 5 

304 299 Net swept bending moment at outboard wing station for 
load factor 20, segment 5 

305 300 Gust exceedences for load factor 20, segment 5 

I 306 
- Mission segment number 6 (flight segment)             | 

indicator «6.0                               j 

i  307 301 Net bending moment at side of fuselage for load factor 1, 
segment 6                                    j 

1  308 302 Net swept bending moment at outboard wing station for    | 
load factor 1, segment 6                         i 

309 303 Gust exceedences for load factor 1, segment 6          j 

• • To                                          I 

364 358 Net bending moment at side of fuselage for load 
factor 20, segment 6 

365 359 Net swept bending moment at outboard wing station for     1 
load factor 20, segment 6 

366 360 Gust exceedences for load factor 20, segment 6 
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TABLE 75. BO AND DIMW ARRAY VARIABLES IN SUBROUTINE FATMG (CONT) 

BO 
Loc 

mm 
Loc Description 

367 - Mission segment number 7 (flight segment) 
indicator «7.0 

368 361 Net bending moment at side of fuselage for load factor 1, 
segment 7 

369 362 Net swept bending moment at outboard wing station for 
load factor 1, segment 7 

370 363 Gust exceedences for load factor 1, segment 7 

• ' To 

425 418 Net bending moment at side of fuselage for load fac- 
tor 20, segment 7 

426 419 Net swept bending moment at outboard wing station for 
load factor 20, segment 7 

427 420 Gust exceedences for load factor 20, segment 7 

428 - Mission segment number 8 (flight segment) 
indicator «8.0 

429 421 Net bending moment at side of fuselage for load 
factor 1, segment 8 

430 422 Net swept bending moment at outboard wing station for 
load factor 1, segment 8 

431 423 Gust exceedences for load factor 1, segment 8 

• • To 

486 478 Net bending moment at side of fuselage for load 
factor 20, segment 8 

487 479 Net swept bending moment at outboard wing station for 
load factor 20, segment 8 

488 480 Gust exceedences for load factor 20, segment 8 
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TABLE 75.    BO AND IXM1Y ARRAY VARIABLES IN SUBROin'INE FATMG (CONT) 

BO 
Loc 

DUWY 
Loc Description 

489 

490 

491 

492 

547 

548 

549 

550 

551 

552 

553 

608 

609 

610 

481 

482 

483 

538 

539 

540 

541 

542 

543 

598 

599 

600 

Spectra segment number 9 (taxi) indicator »9.0 

Net bending moment at side of fuselage for load 
factor 1, segment 9 

Net swept bending moment at outboard wing station for 
load factor 1, segment 9 

Exceedences for load factor 1, segment 9 

To 

Net bending moment at side of fuselage for load 
factor 20, segment 9 

Net swept bending moment at outboard wing station for 
load factor 20, segment 9 

Exceedences for load factor 20, segment 9 

Spectra segment number 10 (taxi) indicator =10.0 

Net bending moment at side of fuselage for load 
factor 1, segment 10 

Net swept bending moment at outboard wing station for 
load factor 1, segment 10 

Exceedences for load factor 1, segment 10 

To 

Net bending moment at side of fuselage for load 
factor 20, segment 10 

Net swept bending moment at outboard wing station for 
load factor 20, segment 10 

Exceedences for load factor 20, segment 10 
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TABLE 75. BO AND EKMIY ARRAY VARIABLES IN SUBRDl/TINE FATMG (CONT) 

BO 
Loc 

611 

612 

613 

614 

615 

616 

617 

618 

620 

DUNWY 
Loc Description 

601 

602 

603 

604 

605 

606 

Spectrum segment 11 Indicator =11.0 
(ground air ground segment) 

Net bending moment at side of fuselage for half of 
maximum flight maneuver load factor 

Net swept bending moment at outboard wing station for 
half of maximum flight maneuver load factor 

Number of occurrences of air cycles 

Net bending moment at side of fuselage for 1.2 g taxi 

Net swept bending moment at outboard wing station for 
1.2 g taxi 

Number of occurrences of taxi cycles 

Not used 

Not used 

NOTE BO locations 560 to 615 are used to store weight, time, and load 
factor data for the eight flight segments. These data are 
transferred to the BD array after completion of flight segments. 

560 

• 

567 

568 

• 

575 

Vehicle weight at flight segment 1 

To 

Vehicle weight at flight segment 8 

Vehicle time at flight segment 1 

To 

Vehicle time at flight segment 8 
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TABLE 75. BO AND DUNWY ARRAY VARIABLES IN SUBROUTINE FATMG (CONCL) 

BO 
Loc 

576 

595 

596 

615 

DUNMY 
Loc Description 

Maneuver load factor at flight spectra point 1 

To 

Maneuver load factor at flight spectra point 20 

Incremental gust load factor at flight spectra point 1 

To 

Incremental gust load factor at flight spectra point 20 

267 

w. - '•' 



TABLE 76. BMAN AND DUNWY ARRAY VARIABLES IN SUBROUTINE FATM3 

BMAN 
Loc 

DUNMV 
Loc 

Spectra 
Segment Description 

1 627 1 Maneuver exceedances for load factor 1 

• • To 

20 646 1 Maneuver exceedances for load factor 20 

21 647 2 Maneuver exceedances for load factor 1 

• • To 

40 666 2  ■ Maneuver exceedances for load factor 20 

41 667 3 Maneuver exceedances for load factor 1 

• • To 

60 686 3 Maneuver exceedances for load factor 20 

61 687 4 Maneuver exceedances for load factor 1 

• • To 

80 706 4 Maneuver exceedances for load factor 20 

81 707 5 Maneuver exceedances for load factor 1 

• • To 

100 726 5 Maneuver exceedances for load factor 20 

101 727 6 Maneuver exceedances for load factor 1 

• • To 

120 746 6 Maneuver exceedances for load factor 20 

121 747 7 Maneuver exceedances for load factor 1 

• ■ To 

140 766 7 Maneuver exceedances for load factor 20 
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TABLE 76. BMAN AND DUNMY ARRAY VARIABLES IN SUBROUTINE FABIG (CONCL) 

BMAN 
Loc 

141 

• 

160 

161 

220 

mm 
hOC 

767 

• 

786 

787 

626 

827 

830 

Spectra 
Segment Description 

180 806 9 

181 807 10 

• 

200 

• 

826 

• 

10 

201 607 1 

t 

210 

• 

616 10 

211 617 1 

8    Maneuver exceedances for load factor 1 

To 

8 Maneuver exceedances for load factor 20 

9 Maneuver exceedances for load factor 1 

To 

Maneuver exceedances for load factor 20 

Maneuver exceedances for load factor 1 

To 

Maneuver exceedances for load factor 20 

Net bending moment at side of fuselage at 1 g 

To 

Net bending moment at side of fuselage at 1 g 

Net swept bending moment at outboard wing 
station at 1 g 

To 

10 Net swept bending moment at outboard wing 
station at 1 g 

Not used 

Not used 
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SUBROWINE ATMOS 

General Description 

Deck name:   ATMOS 
Entry name:   ATMOS (H, RHOH, PH, AH) 
Called by:    BNLDS, FATMG 
Subroutines called:    None 

This subroutine is used to determine the standard atmospheric density, 
ambient pressure, and speed of sound for a given altitude.   The approach con- 
sists of equation approximations of properties for different altitude ranges 
from sea level to 249,000 feet. 

Arrays and Variables Used 

H Given altitude, ft 

Arrays and Variables Calculated 

Speed of sound at altitude, ft/sec' 

Ambient pressure at altitude, psi 

AH 

PH 

RHOH Atmospheric density at altitude, siugs/ft" 

Scratch Arrays and Variables 

GB Constant dependent on altitude range 

GH Intermediate calculation 

2 
OG Acceleration of gravity at sea level, 32.17409 ft/sec 

PBASE Ambient pressure at lower altitude of equation limits, psi 

PO Ambient pressure at sea level, 14.69595 psi 

RE Constant, 20855531.0 

RHOO Atmospheric density at sea level, 0.0023769199 slug/ft 

RD Constant, 1716.4827 

TMB Ambient temperature at lower altitude of equation limits, 0R 
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TMDH Temperature variation with altitude, 0R/ft 

TMi Ambient temperature at given altitude, 0R 

TMO Ambient temperature at sea level, 518.6880R 

YP Intermediate calculation 

Labeled Common Arrays 

None 

Mass Storage Files 

None 

Error Messages 

None 

; 
■ 
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FUNCTION CODIM2 

General Description 

Deck name: C0DIM2 
Entry name: C0DIM2 (X, XI, YI, N, XK) 
Called by: USPAN, BNLDS, FAIMG, FCOEM2 
Subroutines called: None 

Function routine C0DIM2 is an interpolation routine for the determination 
of a point on a single curve. For a given interval, a parabola from the left 
and a parabola from the right are calculated. The ordinate of each parabola 
at a given point, X, is weighted both with respect to a straight line and a 
closeness factor such that the desired function lies within the two parabolas. 

Should given point, X, fall outside the range of abscissa values, XI, 
the desired function is obtained by straight line extrapolation using the two 
nearest end points. 

Should given point, X, fall within the first or last interval, the 
desired function is determined according to the end interval interpolation 
control constant, XK. 

XK ■ 0.0 straight line interpolation 

XK ■ 1.0 full parabolic interpolation 

0.0 <XK <1.0 ratio between straight line and parabolic interpolation 

Arrays and Variables Used 

N    Number of given points describing the curve 

X Independent variable, abscissa argument 

XI Array of N abscissa values 

XK   End interval interpolation constant 

YI   Array of N ordinate values 

Arrays and Variables Calculated 

None, desired ordinate returned to equation where the function was used. 
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Scratch Arrays and Variables 

Variables are stored in the program region and are primarily used for 
intermediate calculations. Pertinent scratch variables are as follows: 

BT   Weighting factor with respect to straight line and parabolas 
J    Abscissa argument location in XI array 
JJ    Interval location indicator 

1 ■ abscissa argument within first interval 
2 = abscissa argument within last interval 
3 = abscissa argument within intermediate interval 

PI   Ordinate value obtained from left parabola 
P2   Ordinate value obtained from right parabola 
S    Ordinate value obtained from linear interpolation 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 
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FUNCTION FCODM2 

General Description 

Deck name: FCODM2 
Entry name: FC0DM2(X,Y,XI,YI,ZI,N1,N2,XK) 
Called by: USPAN, FATMG 
Subroutines called: None 
Function routines called: C0DIM2 

Function routine FC0DM2 is an interpolation routine for the determination 
of a point from sets or families of curves. The desired dependent variable 
is computed by repeated application of the function routine C0DIM2 for a 
single set of points. 

Arrays and Variables Used   

Nl Number of curves, YI values 

N2 Number of abscissa points describing each curve, XI values 

X First independent variable, abscissa argument 

XK End interval interpolation control constant 

XK = 0.0      straight line interpolation 
XK = 1.0      full parabolic interpolation 
0.0  XK  1.0 ratio between straight line and parabolic 

interpolation 

XI Array of N2 abscissa values 

Y    Second independent variable, curve argument 

YI   Array of Nl curve values 
■ 

ZI   Array of the dependent ordinate values 

Arrays and Variables Calculated 

None, desired ordinate value returned to equation where the function was 
used 
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Scratch Arrays and Variables 

I    Scratch counter 

K    Scratch counter 

L    Scratch counter 

N'S   Curve value counter 

N4   Number of curve interpolations on first independent variables 

T    Interpolated values of dependent variable for first independent 
variable, X, which form the ordinates for the cross-pint. 

YX   Array of YI which form the abscissa for the cross-plot 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 
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