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SUMMARY

A unified prediction method has been developed to support V/STOL
Stability and Control analyses. The method is geared to a preliminary
design environment and is documented in Volume I of this report. The
method has been programmed for the CDC 6600 and this volume constitutes |
a User Manual for that program.

Input data requirements are listed and the necessary information for
interpretation of the program output is presented. General guidance for
using the program is provided in this volume but the user is directed to
Volume I of this report for in-depth discussion of the required configuration
data and methods of determining it.

Input to the program may be either in English or Metric units.
However, all program output is in Metric units as described in reference
(a). Listings of the Fortran code and sample input and output are presented
in Appendices.
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INTRODUCTTON

This report provides the necessary user information for applying the
NADC VSAC (V/STOL Stability and Control) computer program. The program
computes the stability and control characteristics (both static and dynamic)
of a V/STOL aircraft configuration based on geometric and basic aerodynamic
inputs. The program flow and computational options are described herein as
our input data requirements and output formats.

The majority of the program development was based on calculations using
the standard English system of units (slug-foot-second). Recent emphasis on
conversion to Metric units (kilogram-metre-second) necessitated conversion
of input and output to this system. The capability of accepting input data
in English units (in addition to Metric units) has been retained but all
yutput 1s presented in Metric units. All calculations performed internal to
the program were left in English units as originally developed.

A complete listing of the Fortran code is contained in Appendix A and
sample input and output lists for a test case are presented in Appendix B.
The basic program structure is patterned after that of a similar program for
helicopters and stoppable rotor aircraft developed by Bell Helicopter Company
(reference (b)) and some of the subroutines are taken directly from that
source or modified for use here.

PROGRAM DESCRIPTTION

The total configuration forces and moments are calculated using the
models described in Volume I of this report. This force and moment
formulation is used throughout the remainder of the program calculations
described below.

The user has the option of selecting from 1 to 6 different analyses to
be performed for a given set of configuration data. The six options are as
follows:

1. Nonlinear trim iteration;

2. Stability derivative estimation;

3. Small perturbation stability analysis;

IS

Maneuver time history calculation;

5. Least squares time history parameter vector analysis;

h. Time history parameter plotting.
The program flow through each of these options is presented in Figure 1.
Figures 2, 3, and 4 present the program flow through the trim, stability, and

time history portions of the program, respectively.

The total program consists of a main driving routine and 55 subroutines.
A brief description of the main and each subroutine (listed in alphabetical
order) follows.

R e e
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VSTOL is the main driving routine. It reads the first data card and
determines the program path to be taken depending on the value of the
variable NPART.

AJACOB controls the finite difference calculations of partial derivatives
for both the trim Jacobian and the final control derivatives.

ANAL is the main model formulation subroutine. It is here that all model
component forces and moments are calculated and summed. The output of this
subroutine consists of the vehicle total forces and moments.

CLCD calculates the lift and drag of each of the aerodynamic lifting
surfaces based on geometry and inputs from ANAL and YFIX.

COMSOL calculates the solution of a set of simultaneous equations with
complex coefficients. It is required by the small perturbation stabilirty
analysis portion of the program.

CONTRL represents the formulation of the vehicle control system. The
current code is applicable to conventional mechanical control systems.
More complex control laws may be programmed as needed. Comment cards are
provided within CONTRL to assist the user in such an effort and the XS
input array is available for additional input requirements.

CONV converts input data from Metric units to English equivalents for use
within the program.

CONVI converts time history input data from Metric units to English
equivalents.

CON]1 calculates the gearing relationships for the primary controllers.

CPLOT controls CALCOMP plotting of the time history variables. This routine
uses in-house NADC plotting routines and would require reprogramming for
use on other computing facilities.

CURVET performs a least squares curve fit analysis on selected time history
variables. Both amplitude and phase are computed and may be normalized by
the corresponding parameters for a reference variable.

DAMPER reduces control variable increments as a trim solution is approached
to improve the convergence of the trim iteration. Both the increment used
to compute the Jacobian and the maximum trim variable increments are reduced
as the trim errors are reduced.

DATA is a Block Data Subroutine which contains required literal data tor
output formats.

DET computes the value of an nth order determinant.

ELEC calculates time constants, damping ratios and gains in support of the
stability analysis portion of the program.
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GUST determines the gust velocity at the center of pressure of each component
of the aircraft. This routine is called only when a gust format is specified
as a time history input.

INIT controls printing of the time history outputs.

ITRIM performs the trim iteration calculations and determines when the
trim requirements are satisfied.

IVAR initializes required parameters for any time history input functions.

JACOBI calculates the Jacobian for use in the trim iteration. An additional
entry point, BJACOB, is used to calculate the final control derivative
matrix.

JETINT calculates the inlet momentum and propulsion-induced aero forces and
moments acting on the vehicle.

LAMODE calculates the lateral/directional characteristic roots and transfer
functions.

LIFJET calculates the forces and moments produced by the vectorable nozzle
engines. Included in this subroutine is the calculation of gyroscopic
moments due to engine angular momentum.

LMODE calculates the longitudinal characteristic roots and transfer functions.

MANU is the main routine of the time history calculation. It controls the

calculation of forces and moments due to control and disturbance inputs and
integrates the equations of motion.

MATRIX calculates the elements of the Euler angle transformation matrix.
MNEM performs required initialization prior to problem solution.
MODE controls calculation of transfer function numerator roots and gains.

OFFTRM computes the required trim forces and moments for a specified trim
condition.

PARA prints output message indicating whether or not the aircraft has been
trimmed at the specified condition.

PPLOT controls on-line printer plotting of time history variables.

KANG computes the Euler angles between two sets of axes whose orientations
are specified.

RATI lTimits trim control variable increments to preselected maxima during
the trim iteration.

REACT computes the forces and moments produced by the RCS nozzles.

READIN, as the name implies, reads the input data in both standard and

namelist format.
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RIEMAN integrates a second order differential equation. It is used to
calculate RCS thrust when a second order lag is present and may be used in
the programming of higher order control system models.

ROOA calculates the roots of the characteristic matrix in the stability
analysis portion of the program. A call to ROOA sets initial conditions
and a call to ROOB (an entry point) calculates the roots.

SLTE substitutes the proper control vector into the proper location in the
characteristic matrix for transfer function calculation.

SLTT performs the inverse operation to that of SLTE.

SOLVE solves a system of linear equations by Gaussian elimination. It is
used during the trim iteration process.

SRT is the main routine controlling the solution for the characteristic
roots.

STAB is the driving routine for the stability analysis section of the program.

START performs initializations, transformations, etc. to begin each problem
solution.

STLJES integrates a first order differential equation. It is used to
calculate RCS thrust when a first order lag is present and may be used in
control system programming.

TIMEX determines computer usage times for output purposes.

TINIT augments the initialization performed in MNEM.

TRIM is the driving routine for the trim section of the program.

TURN calculates vehicle forces and moments required for trim in a coordinated
turn.

VARI implements the input forcing functions for time history calculations.
VR2D performs the standard two-dimensional vector transformation.

VR3D performs the standard three-dimensional vector transformation.

WRFM prints the vehicle component forces and moments.

WROT1 prints the heading for output pages.

WRVP prints the partial derivative matrix for each trim iteration. A call
to the entry point, WRVP1l, prints the complete control derivative matrix

after a trim solution has been obtained.

XPRO calculates the standard vector cross product.
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YFiX augments CLCD in the calculation of lift and drag coefficients.

Program operation, including input and output formats, are described in
the tollowing section.

PROGRAM OPERATION

Guidance in program operation may be logically divided into two major
topics; input data requirements and format and output data content and
format. Each will now be described.
INPUT DATA REQUIREMENTS AND FORMAT

The input data deck for one run of the program consists of from 1 to 104
cards depending on the mode of analysis selected. Each card, its content

and format, is described with additional information where required.

Card 1: Mode Control Card

Variables: NPART, NPRINT, NSCALE, NVARA, AL(1l), AH(l), NVARB, AL(2),
AH(2), NVARC, AL(3), AH(3).

Format: 12, 214, 3(I5, 5X, 2F5.0).

The value of NPART determines the mode of analysis to be performed.
Some or all of the remaining variables on Card 1 are required depending on
the value of NPART. The allowable values for NPART and required additional
variables are listed below.

NPART = 1: Trim only (card 83 is the last data card).

NPART = 2: Trim, stability analysis and time history (cards 1 through

84 and at least one card 85 is required).

NPRINT: Print frequency for time history output (output at t=0 and
everv NPRINTth point thereafter).

NPART = 3: Print-plot time history data.

NPRINT: Frequency of points to be plotted.

NSCALE: Control of plot scale factors.

= 0, no effect

= 1, multiply first scale by 1000
= 2, multiply second scale by 1000

3, multiply first and second scale by 1000

= 4, multiply third scale by 1000
= 5, multiply first and third scale by 1000
= 6, multiply second and third scale by 1000
= 7, multiply all scales by 1000

12
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NVARA, NVARB, NVARC: Indices of variables to be plotted (= 0: no plot).
Table I lists the available variables and their associated indices.

AL(D), I = Lower scale limit for Ith variable.

|
—
-
r
-
w

AH(I), 1 Upper scale limit for Ith variable.

1}
—
-
N
-
w

NPART = 4: CALCOMP plots of time history data.

NPRINT: Frequency of points to be plotted.

NSCALE: Controls plot size - 100(%) produces 8 1/2" x 11",
50(%) produces 4 1/4" x 5 1/2", etc.

NVARA, NVARB, NVARC: (same as NPART = 3).

When NPART = 4, the next two cards contain the desired plot title
(8A10/6A10).

NPART = 6: Revise input data and rerun time history.
h

NPRINT: Print frequency of time history output. Print every NPRIN'I't
output point.

NSCALE: = 0, no change in cards 5 through 83. i

= 1, change selected data from cards 5 through 83 using
NAMELIST format as follows:

Col 2-8 SCHANGE
Col 9 blank
Coli, 10 & . . XW(5) = 1., XT(1) = 50.,
3 The last variable is followed by a blank and S.

Cards 84 and 85 are input in either case.

TG

NPART = 7: Trim plus small perturbation stability analysis (card 83

is last data card).

e
b o NPART = 9: Revise input data and rerun trim.
NVARA: = 0, trim.
;, = 1, trim plus stability analysis.
l‘ % Data from cards 5 through 83 are revised using NAMELIST format as

» described for NPART = 6.

NPART = 10: Same as NPART = 9 with the exception that XT(5) through
XT(11) and XT(15) through XT(18) assume initial values corresponding to the
previous trim condition.
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TABLE I

PLOT VARIABLE INDICES
MR UL RURORRRNBRRRRR AL e ReRRRaRRARRRRERRGRORRRORORRORCORGORRLORORAGOG G

- L3 <

* INDE X VARIARLE ® INDEX VARIABLE ®

© L3 <
OooohnooooﬁooﬂcnoooGGQQQoboo!c&ooo&ooounoéﬂoa09&0GGOOQQQGQQGOQQQQQQQQQ

* * °*

® 1 - LIFT THRUST ls N ® 79 - Zy M ®

* 2 - LIFT THRUST 2y N ® 80 =~  ALTITUDE, M e

. 3 - LIFT THRUST 39 N 0 81 - GROUND SPEEDs KTS ®

. . - LIFT THRUST 4y N @ 82 - FLT PATH ANGLEy DEG ¢

H‘ o 5 - LIFT THRUST S¢ N @ 83 - U=DOTs MPSS °
. 6 - LIFT THRUST 69 N # 84 - v~-D0Ty MPSS ®

. 7 - LIFT ANGLE 1+ DEG e 85 - w=DOTy MPSS @

. g - LIFT ANGLE 2+ DEG o 86 - P-DOT+ DPSS &

. 9 - LIFT ANGLE 3y DEG o 87 - Q-DOTs DPSS ®

. 10 - LIFT ANGLE 49+ DEG o 88 - R=DOT» DPSS °

. 11 - LIFT ANGLE 5+ DEG & ®

. 12 - LIFT ANGLE 6+ DEG L 90 - Us MPS o

. 13 - REACT THRUST ls N @ 91 - Vs MPS e

. 16 - REACT THRUST 2» N @ 92 - Wy MPS °

o 15 - REACT THRUST 39 N @ 93 - Py DPS o

- 16 - REACT THRUST 4»s N e 94 - Qs DPS .

. 17 - REACT THRUST S5¢ N o 95 - Re DPS .

. 18 - REACT THRUST 69 N @ ®

* 19 - REACT THRUST Ts N L 97 -  PSI-DOTs DPS e

. 20 - REACT THRUST 8y N @ 98 - THETA=-DOT, OPS e

. 21 - REACT THRUST 9y N ° 99 - PHI-DOTy DPS e

. 22 - REACT THRUST 10y N @ 100 - PS1y DEG -

. 23 - LONG STICK, CM @ 101 - THETAs DEG ®

. 24 - STAB DEFLs DEG ° 102 - PHI» DEG ®

. 25 - LAT STICKs CM 4 103 - FIX ENG THROT, PCT ®

] . 26 - AILERON DEFLy DEG » 104 - LONG STICKs PCT .
@ 27 - FwD RCS THRIISTs PCT ¢ 105 - ALPHA (L WING)y DEG <

o Z8 = FWD RCS ANGLEs DEG & 106 - ALPHA (R WING)s DEG ¢

. . 2% - SPOILER DEFL_s DEG @ 107 - ALPHA (STAB)s DEG @
3 e 30 - AFT RCS THRUSTs PCT ® 108 - ALPHA (FIN)s DEG @
: . 31 - AFT RCS ANGLEe DEG @ 109 - YAW ALPHA (FUS)y DEG ¢
E . 32 - KUD PEDAL DEFLs CM « 110 - FS CGy CM ®
E - ° 33 - RUDDER DEF_, DEG # 111 - U (GUST) s MPS °
: o 34 - LAT RCS THRUSTs PCT * 112 - N=Xy G'S e

4 . # 113 - LAT STICK,s PCT e
R i . 70 - FLAP DEFL»s» DEG @ 114 - CL (L WING) ®
R . 71 -  X-DOTs MPS @ 115 = CL (R WING) o
& o 72 - Y=-DOTs MPS e 116 - CL (STAB) .
L% . 73 - Z-DOTys MPS @ 117 - CL (FIN) e
3 ® 74 -  HORIZONTAL pISTey M & 118 =  ALPHA (FUS)s DEG e

; . 75 - AIRSPEEDs kTS @ 119 - BL CGy CM L

° 76 - HEADING ANGLEs DEG ® 120 - V (GUST)s MPS .

° 77 - Xe M & 121 - N=Yy G'S °

@ 78 - Yo M o 122 - RUD PEDALy PCT »

L L3 -3
foadosafosoBeORORORRRRAgptRtbRRRRBRBRBQARROCRRERBRIRRQEORBRRRRRRORRORORROOND

14

- e SN N s e e




e

o
LY S ?

1 il

2
s
3
b
A

NADC-76313-30

TABLE I (Continued)
PLOT VARIABLE INDICES

PR RRRANRLBEURUROCRRORURERRRRRRERRR LU NERNERLRNRRACARUBCCOERIUTOOROOOGE

157 -  FY-WEIGHTs N

158 -  FY-INTERFERENCEs N
159 -  FZ-TOTALs N

160 - FZ=RT WING, N

161 - FZ-L WINGs N

162 - FZ=STABy N

163 - FZ=FUSy N

164 FZ=RT JET» N

165 FZ=LEFT JET, N

166 = FZ-REACT JFTSs N

201 - YM=FUSy N.M

202 - YM=RT JETs NeoM
203 = YM=LEFT JETos NeM
204 - YM=REACT UTSs NM
205 - YM=LIFT JUETSs NeM
206 = YM=INLETy NeM

207 - YM=FINy NoM

208 - YM=GYROs NoM

209 - YM=INTERFEREs NoM

@
LA A2 2R a2 222222222222 XXX 202 2-2-2.2-0-2-2-2-2.0- .2 F-2-X-R-R-L-X-R-2-X-F- R0 8-%-2-2-%-X-X-X -3

o % <
@ INDEX VARIABLE ¢ INDEX VARIABLE e
« - o
.QGQOQQQGQQGQQGCGQGGOG¢¢¢0§6¢99#b96996990990990060lenaﬂ90900000.00060
L ] * L
&« 123 - CD (L WING) b 167 - FZ=LIFT JUETSs N °
* 124 - CD (R WING) # 168 - FZ-INLETs N ®
® 125 - CD (STAB) # 169 - FZ=-WEIGHTy N .
® 126 - CD (FIN) * 170 - FZ=-INTERFERENCEs N @
- 127 - WL CGy CM @ 171 - RM=TOTALs NeM e
* 128 - W (GUST)s MPS £ 172 - RM=R WINGs NeM L
® 129 - N=Zy G'S * 173 - RM=L WINGy NoM &
¢« 130 - LIFT THROT 19 PCT @ 176 - RM=STABs N.,M ©
o 131 - LIFT THROT 2+ PCY s 175 - RM=FUSy NeM ©
* 132 - ANGLE LEVER 19 PCT * 176 - RM=RT JETy NeM @
* 133 - RT JET THRysTs N « 177 - RM=LEFT JUETs NoM -
* 134 - ANGLE LEVER 29 PCT & 178 - RM=REACT JTSs N.M .
b 135 - LEFT JUET THRUSTs N # 179 - RM=LIFT JUETSy NeM &
* 136 - FXx-TOTALs N ® 180 - RM=INLETs NeM o
* 137 - FX=RT WING, N ® 181 - RM=FINy NeM ®
. 138 - FX=L WINGy N # 182 - RM=GYROs N.M b
. 139 - FX=-STABs N * 183 - RM=INTERFEREs NeoM L
® 140 - FX=FUS» N & 184 - PM=TOTALs NeM e
*  14) - FX=-RT JETys N # 185 - PM=R WINGs NoM ®
o 142 - FX=LEFT JUET, N # 186 - PM=L WINGy NeoM e
& 143 - FX-REACT JUETS» N & 187 - PM=STABy N.M #
b 144 - FX=LIFT JUETSe N # 188 - PM=FUSsy N.M L
* 145 - FX=INLETs w #* 189 - PM=RT JETy NeM =
* 146 - FX=FINs N # 190 - PM=LEFT JETy NeM e
® 147 -  FX-WEIGHTs N # 191 =  PM=REACT JTSs NeM °
® 148 -  FX-INTERFERFNCEs N @ 192 - PM=LIFT JETSs NoM o
* 147 - FY-TOTALy N s 193 - PM=INLETs NoM e
* 150 - FY=FUSs N & 194 - PM=FINs N.M ©
e 15; - FY=RT JUETs N g 195% - PM=GYROs NeM e
a 152 - FY-LEFT JUET. N # 196 - PM=INTERFERE s NoM «
e 153 - FY-REACT JETSs N & 197 - YM=TOTALy NoM ®
® 15 =  FY=LIFT JETSe N # 198 = YM=R WINGs NeM @
® 155 - FY=INLETs N % 199 - YM=L WINGs NoM ®
® 156 = FY=FINy N ® 200 -  YM=STABs N.M o
L J -3 <
L * L3
L 2 -2 ©
-* & <
L * L
L] * L3
L ] -] °
L 2 & @
L & <
-4 o o
L4 ©
e @

e T it o P E—
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Least squares curve fit of time history data (used primarily

NPART = 11:
for sinusoidal input). Available variables are listed in Table T.

NVARA: Number of curves to be fit.
AL(1): Assumed frequency, w (Hz).

NVARB: Number of reference variables to be used for amplitude ratio
and phase angle differences.

AL(2): Number of curves to be expressed as linear combinations of two
other curves.

NVARC: Number of data points to be skipped before curve fit begins.

The following cards, which are necessary when NPART = 11, are coded in
a 1415 format.

Next card(s): Indices (from Table I) of variables to be fit.

Next card (s): Cols 1 - 5: Number of variables to be compared to
reference variable; cols 6-10: Reference variable index; cols 11
ndices of variables to compared to reference variables. There are NVARB

sets of cards of this format.

Next card(s): Indices of variables to be expressed as linear combinations
of other variables in the form:

A=ky B+ koC + kj
Cols 1-5: Index for variable A;

Cols 6-10: Index for variable B;

Cols 11-15: Index for variable C.
There are AL(2) cards of this type.

Cards 2-4: Run Number and Title

Variables: IPSN, ICOM (200 characters max)

Format: 2X, I8, 6A10/7A10/7A10. If IPSN is negative, all input data
are in English units. If IPSN is positive, input is in Metric units.

;; Cards 5-83: Main Data Package
;; Variables: (Listed and defined in Table I1).
f% Format: 7F10.0 per card. These cards are required for NPART = 1, 2, and
ﬁ Card 84: Time History Data
variables: (Listed and defined in Table IT).
Format: 6F10.0 This card is required for NPART = 2 and 6.
éé 16
Pl
F 3

TIR VRTRT e e

i

T T s
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TABLE TT |

INPUT DATA VARTABLE LIST
Card FORTRAN  Variable Description ] Units
|
5 XB(1) | W Aircraft gross weight l N (1bs)
2 FSp ! cm (in)
3 ‘ BLp Fuselage reference point i cm (in)
i location |
; 4 | WLp | em (in)
! |
: 5 | FSce ’ cm (in)
i 6 BLcg Aircraft CG location cm (in)
|
i 7| Wigg cm (in)
| 5 >
b | XB(8) Ix Roll inertia kg m” (slug-ft7)
‘ 2 >
| ! 9 , Ly Pitch inertia kg m” (slug-ft™)
r » , 1
i 10 | i Yaw inertia kg-mz(slug-ft')
i f 5
i 11 | Ixz Product of inertia kg-mz(slug-ft“)
12-14 | -— (not used)
7 XB(15) ; Qg \ deg
WS P (5e2)
i 9o max S
17 | nj
| 2 9
18 ; (A/qo)o mo(Ee )
' {19 | e
f 20 i n
| 9
B ! 21 | (S/qo)max Coefficients in fuselage I m (£t )
i i { force and moment approximations |
E 8 | XB(22) | n,
£ ‘ |
P 23 | o« deg
| | :
k| A ‘(M/qo)maxl ‘ m(fe)
# 25 i o
.N | ki
o ;(M/qo)maxz mB(fL})
27 ' ng
E
N4 ]7
i
F




1
i
i
b

10

12

INPUT DATA VARIABLE LIST
Card FORTRAN  Variable Description Units
‘ 28 ? @, deg
|
|
3D
XB(29) l (N/qo)maxl m” (ft”)
30 ng !
. 4 303
|
31 | (N/ag) . m”(ft”) i
‘ ! |
|
32 | n, ) |
E 33 | FS Inlet momentum application cm (in)
! I RAM f
| I point
; 34 i W cin ! cm (in)
35 v, Inlet air weight flow N/sec(1lbs/sec)
]
XW(1l) Sw { Wing planform area mz(ftz)
1
2 FSRw ’ Center of pressure location cm (in)
3 BLRw |\ for right wing (FSLW=FSRW’ e Cin)
4 Wy [ Bl Blpys WlpyVlg,) ’ cm (in)
5 iw | Geometric incidence of wing deg
6-7 -—= (not used)
XW(8) - (not used)
9 e/CLy Downwash coefficient deg
110-11 -— E (not used) |
| |
T2 Cli ‘\ i 1/rad
e
A |
13 _Clﬁ/CL { l 1/rad
|
14 aCy /€y, ( i 1/rad
XW(15) Clp l 1/rad
16 | Cng Coefficients in wing 1/rad
: 0 lateral/directional
17 ! ACnB/Cf aerodynamic model A\ ead
| i ’
| 18 | Acnr/cf 1/rad

NADC~76313-30

TABLE II (Continued)

18

e R
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Card

13

14

15 YW(15)

16

v

FORTRAN __Variable

19

20

21

YW(1)

YW(8)

9

10
11

12
13

14

16
117

18
19

20

21

XE(1)

ACy_/
ACp /
p

ACnp/C

NADC~76313-30

TABLE II (Continued)
INPUT DATA VARIABLE LIST

Description

Cp
CL

Dy

Coefficients in wing lateral/
direction aerodynamic model

Sweep angle of wing quarter-
chord

Angle of attack at CLmax

and CLpay fOr <90°

Exposed wing planform area

Body diameter to wing span ratio
Angle of attack at .

and CLmax for a < 90°

Wing taper ratio

Taper ratio of exposed planform

Wing MAC

Zero~1ift drag per flap deflectioﬁ

Coefficients in wing drag
equation

Wing zero-lift moment coefficient |

Aspect ratio of exposed planform
Wing 2-D 1lift curve slope

Wing aspect ratio

Wing flap effects

Horizontal stab. planform area

__Units

1/rad

1./rad

m(ft)
1/deg

1/deg

)
1/deg”

1/deg

1/deg
1/deg

1/deg

2
Lo CEE")

N




card

FORTRAN

9
3

‘ :‘

W

6-7
XE(8-14)
| YE(1-7)

|

|
|

&E(s—l&)
PE(IS—]B)

(19-21)
| XF(1)

2

3

wn

7
YEC(I=7)
YF(8-14)
YE(15=21)

XJ(1)
2=3

A

1

Variable

FSy
BL,,

Wiy

WL

NADC-76317%-30

TABLE II (Continued)

INPUT DATA VARIABLE LIST

4
n
!
i

{

|

|

Description

Units

Center of pressure location
for horizontal stabilizer

Geometric incidence of
horizontal stabilizer

(not used)
(not used)

(same as YW(1-7) for horizontal
stabilizer)

(same as YW(8-14) for horizontal
stabilizer; YE(11) not used)

(same as YW(15-18) for horizontal
stabilizer)

(not used)

Vertical stabilizer planform area

Center of pressure location for
vertical stabilizer

Geometric incidence of vertical
stabilizer

(not used)

Sidewash coefficient

(same as YE(1~21) for vertical
stabilizer)

Number of fixed nozzles (2 max)

(not used)

Location of right (or center)
nozzle (if Moy = 2, left jet

is assumed to be
located)

svmetrically

(not used)

20

cm (in)
cm (in)
cm (in)

deg

n? (£e2)
cm (in)
cm (in)
cm (in)

deg

cm (in)
cm (in)

cm (in)

G N e s
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TABLE 11 (Continued)
INPUT DATA VARIABLE LIST

E Card _ FORTRAN Variable Description

Units
| T Tr—. o it
26 XJ(8) Vg Thrust vector orientation deg
) relative to x-axis (right
9 OFJ or center jet) deg
W
{ 10 (HFI)R Angular momentum of right kg-m”/sec
i ) and left engines at max (slug-ftZ/sec)
! thrust 2
‘ Il (HFJ)L kg-m ﬁhl\
| (slug- ft~/sec)
12-14 - { (not used) :
27 | XC(1) ¢8.) Range of fixed nozzle engine cm (in)
} T TOT
throttie 3
! 2 TFJ/AT Thrust per throttle deflection | N/cm (lbs/in)
3
J 3 (6T1)TOT Throttle range ) i cm (in) }
| |
! 4 ‘(éel)TOT Angle lever range E cm (in)
| O —
t 5 TJ/éTl Thrust per throttle z & N/em (1bs/in)
! —®
i 6 ASJ/éT1 Angle per throttle > E = Heg/cm (deg/in)
! g b
‘ 7 ABJ/661 Angle per angle lever . § Heg/cm (deg/in)
! (=0 if XC (36-47) are
| used) J
28 |XC(8-12) | --- (same as XC(3-7) for vectorable
} (13-14) | nozzle control set 2)
29 # XG5 f Number of control set used for
] 16 ! control of vectorable nozzles
I | 1 through 6. 1If no control,
i 17 ! set to zero.
|
* 18
. 19 | Ag %
if 20 By Coefficients linking GTI to
< § ;
Y 21 Cr T) 1/
g
o 30 | X€(22) Ag
¥
b 23 B Coefficients linking dg, to
-
o 02
24 Cf) ]/l‘

21

é-'.
k.
<
#




¥
s
- N
i
-
g
s
<
#

Card _ FORTRAN

32

|

1

1

25

XC(29)

30

31

32

33

34

XC(36)

3/

38

39

40

41

NADC-76313-30

TABLE I1 (Continued)
INPUT DATA VARIABLE LIST

o

Variable Description ___Units
(OS)TOT ¥ Longitudinal stick range cm (in)
‘ {
|
Ag i cm (in)
(is/ds)l 3 Coefficients describing deg/cm (deg/in)
| f horizontal stabilizer gearing
1 S ilelide i
(15/55)2 f (k0 yields #ig) deg/cm (deg/in)
|
(6Y)TOT % Lateral stick range cm (in)
|
(rSY)LEFT : Max left stick deflection cm (in)
| (neg. value)
6a/éY | Aileron gearing (+8y yields deg/cm (deg/in)
§ +82)
(AR)TOT 1 Rudder pedal range cm (in)
i
(8,) | Max t.e. right rudder deflection deg
T "max |
| (neg. value) i
(Sr)TOT Range of rudder deflection deg
M | = O if XC(6, 7, 11, 12) are
used for 6. vs 8g;# O if
J ]
| XC(36-47) are used 3
| |
N A em (in)
(AGJ)] | deg
(Ag])z } Coordinates which define cm (in)
| Ypiecewise linear functions for
o), ! 46, vs &g, and 40 vs bg, deg
(501)3 ! cm (in)
i (48 1),
(A&)J)B %3 59 < (59)1, /,\8J = -—ﬁg—)—; Sg deg
; |
(692)1 ; cm (in)
1
2l
B R T T - w N e ——————— e
. . " -
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TABLE IT (Continued)
INPUT DATA VARIABLE LIST

~

Card  FORTRAN  Variable = Description sk, ORGSRt
33 XC(43) (AGJ)1 If 64 > (6‘0)3, A6y = (/\.OJ),5 deg
b : :
44 (502)2 cm (in)
45 (86,), deg
|‘, ‘ (1
46 ( 92)3 cm (in)
47 (AOJ)3 J deg
48-49 — (not used)
34 XC(50) Al )
51 By 1/kt
)
52 Cq 1/kt”
3
53 D1 | 1/kt
54 Aj 1/kt
55 By 1/kt"
56 Ay Propulsion induced m (ft)
. } aerodynamic interference
E 35 XC(57) By coefficients. m/kt (ft/kt)
k 2 e 2
58 Cy m/kt” (ft/kt™)
x
3 o3
§ - 59 Dy m/kt (ft/ke™)
E ¢
-~
e 60 Ay m/kt (ft/kt)
p ) )
. 61 By J m/kt" (ft/ke”)
: | 62-63 —-— (not used)
%2 36 XT(1) % Inertial trim velocity (+#North) kts
.
2 Y Inertial trim velocity (4East) kts
] 23
| &
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TABLE II (Continued)
INPUT DATA VARIABLE LIST
Card  FORTRAN Variable L Description Units
3 ET Trim rate of climb (+up) m/sec (ft/sec)
4 i hT Trim altitude m (ft)
|
| 5 { Vo Trim yaw angle (y = 0° is deg
{ | North)
1 6 L O Trim pitch angle (+nose up) deg
|
' 7 b Trim roll angle (+rt. wing down) deg
37 | XT(8) 6rp %
9 &g Initial trim control guess 7A
£ o,
10 y a
A o
11 R A
12 n, Load factor For turning trim; g's
i I3 $TURN Bank angle First non-zero deg
) value defines turn
! 14 R Turn radius m (ft)
3% XT(15) s, 4
i
E 16 éTz Initial trim control guess 7
i 17 &g 7
P . 1
Pi |
‘ 18 692 7%
; |
£3 |
'! | 19 S¢ Wing flap deflection deg
w1 20 -— (not used)
b
A o DN LR P ' ]
: 241 NrRIM [rim indicator if n, # 1; |

]

0 for coordinated turn, |
1 for pull up or push over

24

.,,‘
VLR A

s - T N e ———
- . e ok
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TABLE 11 (Continued)
INPUT DATA VARIABLE LIST
Card _ FORTRAN Variable Description Bwits
39 [ XT(22) - (not used)
|
| 2 :
23 XT Inertial accerleration (+North) [m/sec (ft/sevz)
| . % - 2 2
! 24 2 Inertial acceleration (+East) |m/sec” (ft/sec”)
2 2
25 ET Inertial acceleration (+down) m/sec” (ft/sec”)
26 : —-— (not used)
27 c Speed of sound m/sec (ft/sec)
28 a Local atm. density ratio
]
40 XD(1) r X N (1bs)
2 Allowable errors inJ i N (1lbs)
trim values of:
3 Z N (1bs)
4 M and N Nem (ft.1lbs)
5 \ L N-m (ft.1lbs)
6-7 - (not used)
41 XI(1) n Max number of trim iterations
max |
|
2-3 —-—= . (not used)
e l 4 81 | Linear velocity derivative m/sec (ft/sec)
| | increment
1 i 5 (set equal to 1.0)
B &
E° 6 Ap Angular velocity derivative rad/sec
I increment
: ‘ 7§ - (not used)
| ! 42 X1(8-11) -—- (not used)
v ;; 12 Axy Initial trim variable correction|deg or cm (in)
|y increment limit
| &
' X
] 13 Aximin I Minimum trim variable correction|deg or cm (in)
’? increment

it
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TABLE 11 (Cont lnued)
INPUT_DATA_VARIABLE LIST

Card  FORTRAN ~~ Variable Description Units
14 Am Max force or moment error N (1lbs) or
ax for correction increment Nem (ft.1bs)

limit halving

{rim Correction Limit Halving: At each trim iteration, corrections,

txi, are calculated for each control variable. If any of the corrections

is greater than the limit, all are ratioed down such that the largest is
equal to the limit. Additionally, if after any iteration the force and
moment errors are all less than XI (14), the correction limit is halved
but never decreased to a value less than XI (13). This process enhances
rhe convergence to a trim solution.

43 XI1(15) X \ Control variables used for trim
16 Xy
17 Xq = 1:6T = 5:¢ = 9:6T2
18 X, = 2:8g = 6:8 = 10:631
19 xs = 3:8y = 7:¢ = 11:692
e ;6 = :6
20 X ) 4:dp 8 Ty
21 — (not used)
44 TS(1-7) Specified times during a maneuver sec
at which stability analyses are
45 TS(8-14) to be performed sec
46 | YR(1) "Ry Number of reaction jets (10 max)
2 - (not used)
| 3 A Coefficients relating RCS thrust %/103 N (1bs)
| available vs engine thrust
(S 2
4 B %/10° N° (1bs™)
5 nRCS First nRCS vectorable nozzle
thrusts effect available RCS
thrust
6-7 -~ (not used)
i
26




S - v TR "mm
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TABLE IT (Continued)
INPUT DATA VARIABLE LIST

Card FORTRAN Variable Description Units

The next 20 cards consist of 10 groups of 2 cards each to describe each
reaction control jet nozzle. If fewer than 10 nozzles are simulated, only
ZnR] of these cards are necessary.

i
47+ | XR(14 FSp, W em (in)
2(n-1){ (n=-1)+1)

2 BLRJ cm (in)

3 WLRJ Location and orientation of cm (in)

nth RCS nozzle (n_<_nRJ)

4 Yo deg

5 GRJ J deg

th

6 Controller for n nozzle

(= 1:8g, = 2:6y, = 3:6
7 8o } cm (in)
48+ XR(14 GD cm (in)
2(n=1) |(n-1)+8)

9 6RAMP }Constants used to describe cm (in)
< 10 Tmax TR vs § N (lbs)
. 1

|
3 Lk Tmaxz ) N (1bs)
b &
R : { 12 (2 RCS thrust response time sec
i constants
; _ 13 Ty sec
".! 14 === (not used)
‘;‘ 67 YL(1) Ny Number of vectorable jet
B ¥ nozzles (6 max)
Y
‘.
;'2 2-7 - (not used)
E S
¥ 27
S
a
P &
i it bt b o Rl e e S * - ey P S ————
- . . . ” v"-*-“‘ ol v J




L Card
' H8+
2(n-1)
£
) hG+
_ 2€-1) |
3
4
&
3
e
b2
-
& 80
B |
s
B
P
by
81
by
%
b
£

NADC-76313-30

TABLE I1 (Continued)
INPUT DATA VARIABLE LIST

The next 12 cards consist of 6 groups of 2 cards each to describe
cach vectorable nozzle jet associated with a 1ift or lift/cruise engine.
If fewer than 6 nozzles are simulated, only ZnJ of these cards are necessary.

__FORTRAN Variable Description Units
XL(14 } FS 71 em (4n)
(n-1)+1) | i

[ i th
sl BL, i Location of n  vectorable cm (in)
l nozzle
3 WL j ' cm (in)
t i 5
4 0 g Orientation of nt nozzle deg
: (if J = 0, ¢ and 6 are used;
5 5, if J#0, v and 6 are used) dig
6 vy deg
i 7 } J Orientation indicator
| X114 2
! (n-1)+8) i Hj Angular momentum at max kg m"/sec
| thrust (per nozzle) (Slug-ftz/SeC)
| |
{ 9 i VH Orientation of angular deg
' | momentum vector
| |
| 10 OH deg
! {
| i
[ 11 | A %
| |
f 12 i B | p Coefficients for Hy vs Ty %Z/N (1bs)
I
! % o S AR 2/8% (ibs®)
|
|
14 | -—— . (not used)
{ ¢
XS(1) | bay/is i
2 -,uw/(sa '\ Control effectiveness
|| parameters
3 /\u.v/csr
b= - (not used)
I 8-14 —-— (not used)

28
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TABLE II (Continued)

INPUT DATA VARIABLE LIST

a2

P

Card  FORTRAN Variable Description Units
82 15-21 ——= (not used)
33 22-28 ——= (not used)
84 TZERO to Initial time sec
ZDELT1 Aty Integration interval for sec
toititlandtzitf_t3
ZMAX1 t End of first time interval sec
| ZDELT2 Aty Integration interval for sec
t1<t<t2
ZMAX2 ty End of second time interval sec
ZMAX3 t3 End of third time interval sec
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Card(s) 85: Time History Control and Disturbance [nputs

variabless NEXE, B, XCTTCL), « « « s XCIT(E6)
Formats I, T4, S5X, 6KF10.0

NEXT is a test word which may be either 0 or 1. Up to 20 cards

of this type may be used for a given run. All except the last

of these cards should have NEXT = 1; the last card should have
NEXT = 0. The allowable values of J and corresponding definitions
of XCIT(I) are listed in Table III.

OUTPUT DESCRIPTION

Program output is categorized into seven sections. The tirst three
sections are concerned with input data and the trim calculation and are
1iwavs printed. The fourth section is printed following a stability
analvsis. The fifth section contains time history output data and the
sixth and seventh sections are outputs of the print plot and curve fit
options, respectively. Output for a sample run is presented in
Appendix B and is referenced in the following discussion.

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>