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SUZARY

A computer program has been developed which is capable of analyzing the
short takeoff of typical V/STOL aircraft configurations. This program can be
used as a means for performance estimation as well as for assisting in aircraft
conceptual design.

This program was written in FORTRAN for use on a CDC 6600 and uses five
supporting subroutines. This report describes the analytical development and
logic development for the program. In addition it includes a user description
and complete listing of the program

Arpr, nn or

( "31 ]" ril. ...

fxnilIL-.V> Codes

Di! A , . i:-- alltDi- ti pocial

t 1

* S _,4



NADC-81259-60

TABLE OF CONTENTS

Page

SUMMARY ............ .............................. . i..

LIST OF FIGURES......................... . 3

LIST OF TABLES ............. .......................... 3

LIST OF SYMBOLS ............. .......................... 4

INTRODUCTION .............. ........................... 6

DISCUSSION

Theoretical Considerations ......... .................. 6

Program Description ........... ..................... 9

Program Options ............ ....................... 10

ACKNOWLEDGEMENTS ......... ......................... . 12

REFERENCES ........... ............................ . 13

APPENDIX A: Tabular Inputs ....... .................... . A-I

APPENDIX B: Example Case ....... ..................... ... B-I

APPENDIX C: Program Listings ...... ................... ... C-I

APPENDIX D: Program Logic ....... .................... .. D-1

2



NADC-81259-60

LIST OF FIGURES

Figure No. Page

1 Force Diagram 14

2 Data Input Deck Structure 15

Al Drag Coefficient Tabular Input A-2

A2 Lift Coefficient Tabular Input A-3

A3 Gross Thrust Tabular Input A-4

A4 Fuel Flow Tabular Input A-5

A5 Moment Coefficient Tabular Input A-6

A6 Moment of Inertia Tabular Input A-7

A7 Induced Lift and Drag Tabular Input A-8

A8 External Store and RAM Drag Tabular Input A-9

A9 Center of Gravity Location Tabular Input A-10

AlO Gross Thrust Loss Tabular Input A-11

LIST OF TABLES

Table No. Page

I Fixed Input Variable List 16

3



NADC-81259-60

LIST OF SYMBOLS

ax , az  Longitudinal and vertical acceleration (m/sec, or ft/sec2)

a/g Normalized longitudinal acceleration

CD Drag coefficient

CL Lift coefficient

CM Pitching moment coefficient

D Drag (N or lb f)

FG Gross thrust (N or lb f)

FGF, FGA Fore and aft engine gross thrust (N or lb f)

FGH, FGV Horizontal and vertical gross thrust (N or lb f)

g Acceleration due to gravity (9.8 m/sec2 or 32.2 ft/sec2)
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INTRODUCTION

A methodology for predicting the short takeoff (STO) performance of
Vertical or Short Takeoff and Landing (V/STOL) aircraft is essential for the
preliminary design of these vehicles as the propulsion system may be sized by
STO requirements. Since a wide range of VSTOL configurations may be of interest
to the Navy, and each would have its own unique set of thrust and drag varia-
tions during the takeoff run, a generalized computer program offers the most
feasible method of analyzing STO performance.

Several STO programs currently available in the technical community were
examined for applicability. It was found that each program was developed for a
specific configuration and did not provide the flexibility necessary to examine
arbitrary V/STOL aircraft concepts. Since the existing programs could not be
easily modified, it was necessary to develop a new program.

The resulting program can be utilized for performance estimation and for
aircraft conceptual design. In the performance estimation mode, inputs are
aircraft aerodynamics, propulsion data, takeoff gross weight (TOGW), and STO
technique while outputs are time, distance, velocity, longitudinal acceleration,
lift, drag, and horizontal and vertical gross thrust. These data can be cal-
culated at the condition of liftoff, at some specified rate of climb (R/C), or
at some specified sink distance. In the conceptual design mode, inputs are
given design parameters such as takeoff distance, rate of climb at liftoff,
and longitudinal acceleration (with or without one engine inoperative (OEI)),
and outputs such as engine size and optimum STO technique can be determined.

DISCUSSION

Theoretical Considerations

This program utilizes an open form, time history, numerical integration.
The forces included in this treatment are lift, drag, gross thrust, and friction.
A force diagram is presented in Figure 1. The horizontal forces are summed
and divided by the aircraft mass to yield a horizontal acceleration. This
acceleration in turn is equated to the following kinematic formula:

ax = AVx = I A(VK 2 )

6T 1Sx

Using time increments, a change in velocity and distance can be determined.
More specifically, the basic equations are:

DRAG = CD*I/2pV 2S+DENGINE RELATED + DSTORE + DOEI + D INDUCED

where: DENGINE RELATED ' ram drag, spillage drag, boattail drag, etc.

LIFT = CL*I/2pV 2S + LINDUCED

Summing vertical gross thrust components:

FGV = FGFV + FGAV

6
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F = FG1*SIN al + FG2*SIN 82

where: FG1 - FGF - fore engine gross thrust loss

FG2 = FGA - aft engine gross thrust loss

81 = ejF + ep + engine datum angle

82 - ejA + 8p + engine datum angle

Summing horizontal gross thrust components:

FGH = FGFH + FGAH

FGH = FGI*COS 81 + FG2*COS S2

Balancing the vertical forces:

BALANCE = W - Lift - FGV

The change in velocity over a time increment AT is:

( AVx = AT*g*(FGH - DRAG - i *BALANCE)/W

where: AVx = Vx2 - Vxl

Finally, the distance gained over AT is:

ASx = l/2*AT*((Vx 2-WOD)
2 

- (V.I-WOD)2 )/AVx

By using this technique the forces which vary as a function of time and
angle can be accurately represented and, in addition, pilot technique can also
be closely approximated. Also by using small time increments any procedural
changes can be fitted through the input.

Increased program accuracy can be obtained by accounting for and by
correcting a pitching moment inbalance. This is done through the following
formula:

Z My = lYYcg aMG

By making use of the supplied aircraft moment of inertia and a power-on
pitching moment, an angular acceleration about the main gear can be taken into
account. The moment about the vehicle center of gravity is:

MOMENT - CM * I/2*V 2*MAC

The fore gear wheel reaction force is therefore:

RF - (BALANCE*8 3 -MOMENT)/(LRF + 83 + cos ep)

7
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where: $3 = LRA*cos 0p+ LRA*i*sin ep+ LR*ij*cos ep - LR*sin ep

See Table I for the definitions of LR, LRA, LRF and MAC.

If the supplied aerodynamic data is a function of control surface deflec-
tion, the deflection required to nullify any moments can be calculated. This
is accomplished by the following algorithm:

initialize a, 6i and 6e
CL - f(a, 6e, .)
CD - f(CL, 6e, 9j)
CM = f(CL, 6e, j)

DRAG = f(CD) + DENGINE RELATED + DSTORE + DOEI + DINDUCED

LIFT = f(CL) + LINDUCED

MOMENT = f(CM)

FGv = f(FG, 6j, ap)

BALANCE = W - Lift - FGV

RF = f (BALANCE, MOMENT)

iterate Se until RF = 0

Rates of climb or sink can be calculated if the horizontal component of
velocity is considered much larger than the vertical component (Vz < .02 Vx).
Here the vertical acceleration is: az = AVz

7T

and the vertical velocity is: Vz =ASz

AT

Hence, climb or sink accelerations, velocities, and distances can be determined.
For rate of climb velocity over the AT increment:

az = (-BALANCE)*g/w

a z = i/2*(az2 + azl)

To determine the incremental ROC:

AROC = az*AT

For sink off the bow distance over the AT increment:

a z = BALANCE*g/w

az -F i/2*(az2 + azl)

AVz - az* AT

8
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VZ2 = Vzl + AVz

Vz = 1/2 *(VZ 2 + Vzl)

The incremental sink distance is:

ASINK = V*z'.*

If an instantaneous ROC at liftoff is needed, the following formula is
used:

ax = (FGH - DRAG - p*BALANCE)/W

Assuming a small flight path angle at liftoff:

ROCinstantaneous = V sin y Vy

Where Vy = V *((LIFT + FGV - W)/FGH)

The main program logic, which illustrates how all the above equations
are implemented, is presented in Appendix D.

Program Description

In addition to the main program, which performs the computations on the
dynamic equations, there are five supporting subroutines, as described below.

TAKE 5 - In the formulation of the STO computer program a four degree-of-
freedom interpolation routine was developed from an earlier three degree-of-free-
dom routine (reference (a)). This was done to accomodate aerodynamic inputs which
are a function of four variables.

This subroutine has two modes of operation. In the first mode, table
data representing aerodynamic and propulsion characteristics are input and
stored. Each table is assigned a predetermined reference number. In the
second mode, table data is interpolated and extrapolated by the function
SPLNQ1 for use in the dynamnic calculations. TAKE5 subroutine logic is pre-
sented in Appendix D.

SPLNQ1 - This function is used to interpolate or extrapolate tabular data.
The interpolation is calculated using a local curve fit scheme described in
reference (b). Linear extrapolations are made using each end point slope of
the local curve fit.

UPDATE - This subroutine is used to reshape data arrays into a form
usuable by the function SPLNQ1.

SNEST - This is an iteration subroutine used to solve one degree-of-
freedom problems. A slope intercept convergence technique is employed.

9
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ATMOS - This is a 1962 standard atmosphere table which returns properties
of density, pressure, temperature, and sound velocity for an input geometric
altitude.

The data required for the program consists of a series of single-value,
fixed inputs and multiple-valued tabular inputs. The form of the computer data
deck necessary to make a run is presented in Figure 2.

The tabular data includes:

- Gross thrust as a function of Mach number and engine speedup time.

- Fuel flow as a function of Mach number and engine speedup time.

- Drag coefficient as a function of lift coefficient, control surface
deflection, jet nozzle inclination, and velocity.

- Lift coefficient as a function of angle of attack, control surface
deflection, jet nozzle inclination, and velocity.

- Induced lift increment as a function of jet inclination angle

- Induced drag increment as a function of jet inclination angle

- Pitching moment coefficient as a function of lift coefficient, control
surface deflection, jet nozzle inclination, and velocity.

- Aircraft moment of inertia as a function of aircraft mass.

- Distance from aircraft center of gravity to main gear wheel as a function
of aircraft mass.

- Gross thrust loss relative to zero nozzle deflection gross thrust as
a function of jet nozzle angle.

- Throttle dependent, ram, and external store drag as a function of Mach
number.

These tabular inputs are graphically illustrated in Appendix A.

The fixed inputs consist of aircraft size and mass data, ambient conditions,
initial thrust vector angles and control surface deflections, rotation rates
for the nozzles and specification for events that may occur during the takeoff
run (e.g. loss of an engine). Table I contains a fixed input variable list.

Program Options

Available to the user are two main options which concern the type of STO
vehicle that can be approximated. First, is a Harrier type vehicle which
maintains moment balance by a reaction control system, rotates its jet nozzles,
and pitches up at a given rate and at a predetermined airspeed. Second, is a
vehicle which maintains moment balance by a control surface deflection and has
a fixed jet nozzle angle.

10
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For vehicles using control surfaces to maintain moment balance on the
ground, the program will search for the start of auto rotation (stick free
pitch up) and either give information on the rotation of the aircraft about
the aft wheel or attempt to correct this rotation by the deflection of a
control surface. Pertinent tabular inputs for this vehicle type include:

CM = f(CL, 6e, ej, Vx)

IyyCG = f(m)

Distance from CG to aft wheel = f(m)

Fixed inputs concerned with this type of vehicle are LR, LRA, LRF, DELTAE,
VSTARR, MAC, SEGMENT, IYYCG, XCG, YCG, DELMAX and ALPHMIN. Examination of
the above data, by considering the descriptions made in Table I and Appendix
A, will clearly illustrate the options available for this type of vehicle.

If a Harrier type vehicle is to be considered, the previously mentioned
input can be ignored.

By viewing the form of the remaining tabular and fixed input, in Table I
and Appendix A, it is seen that a wide variety of pilot techniques can be
approximated. This is because any continuous or discontinuous tabular aero-
dynamic or propulsion function can be fitted. In addition, a large variety
of fixed input switches are available for duplication of aircraft rotation
and thrust deflection at any prescribed airspeed.

The following comments offer some additional options that can be implemented
for a Harrier type vehicle.

1. If a series of data cases are to be run, put the additional aircraft
weights or velocities in ascending order. Set RUN not equal to zero for
interpolated weight or set RUN and PSINT not equal to zero for interpolated
pitch speed.

2. Apply variables RS, ALPHARR, ALPHAAR, ALPHA, PH12, PHI2AR, and PS
for desired rotation method. For the fore engine nozzle variation apply RSF,
PHI1, PHIIAR, PHIlRR accordingly.

3. Set NOEDRAG not equal to zero and NOSTORE not equal to zero if engine
related drags and store drags exist in reference table 33 (nos. 1 and 2) (see
Appendix A). Set NODOEI not equal to zero if engine out drag exists in reference
table 33 (no. 3).

4. For OEI at brake release, read in NEF = NEA - 0.5 or any appropriate
scale down, or put in single engine tabular data inputs and add failed engine
drag in store drag (reference table 33 (no. 2)). For OEI at liftoff, set
EFAILA not equal to zero and OEILOSF to an appropriate front engine scale down
value and add failed engine drag as additional drag (reference table 33 (no. 3)).
Set OEITAB not equal to zero for OEI at liftoff when thrust, fuel flow, and
drags (engine related and external store) for one engine out are supplied in
tabular form (reference table 10, 11, and 33 (nos. 3 and 4)). Put in RAM for
a constant ram drag scale down during OEI.

11
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5. For dynamic R/C constraint, put in ROC limit. Set PHONY not equal
to zero when instantaneous R/C is desired (fore and aft nozzle angles and air-
craft pitch angle are set to maximum values for instantaneous R/C calculation).
Set SINKD to bow height for sink calculations. (If PS, RS, and RSF have not
been reached at SINKD, these variables will be set to the airspeed at SINKD).
NOTE: rate of climb and sink estimates assume that the horizontal velocity is
much greater than the vertical velocity.
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TABLE I

FIXED INPUT VARIABLE LIST

Variable Default
Name Description Units Value

ALPHA Initial angle of attack (for CL-E curve) deg. --

ALPHAAR Pitch angle after rotation deg. 0.0
ALPHARR Pitch up rotation rate deg/sec 0.0
ALPHMIN Maximum angle of attack before auto rotation

control attempted deg 0.0

ALT Field altitude m. or ft. 0.0
ANGFRL Initial fuselage reference line angle (for

engine reference) deg 0.0
DELMAX Maximum control surface deflection angle

(maximum 6e) deg
DELTAE Initial control surface deflection angle deg 0.0
DISTMAX Abort run if this takeoff distance is exceeded m. or ft. 106

DT Time integration increment sec. .05

EDATUM Engine datum (with respect to fuselage
reference line) deg 0.0

EFAILA If 0 zero, failure of one engine assumed at
liftoff 0.0

El If # zero, two thrust vectors are present 0.0

FLDTEMP Field ambient temperature C or *F 59.
IPRINT If # zero, a time history of parameters will

be printed 0
IYYCG Constant aircraft moment of inertia kg-m 2 or

slug-ft2

LR Vertical distance from center of gravity (CG)
to ground m. or ft.

LRA Horizontaol distance from CG to aft wheel m. or ft.
LRF Horizontal distance from CG to fore wheel m. or ft.
MAC Mean aerodynamic chord m. or ft.
METRIC If # zero, metric units present 0
MU Wheel friction coefficient .02
NEA Number of lift cruise engines 1.
NEF Number of lift engines 1.
NODOEI If # zero, tabular engine out drag present 0
NOEDRAG If 0 zero, tabular throttle dependent drag

present (includes ram drag) 0
NOSTORE If 0 zero, tabular external store drag data

present 0
NPRINT If # zero, tabular input will be printed 0
OEILOSF Lift engine scale down when OEI occurs .0
OEITAB If # zero, OEI at liftoff assumed with

tabular OEI data present 0.
PHIl Initial lift engine jet nozzle angle (with

respect to engine datum) deg 0.0
PHIlAR Lift engine nozzle angle after rotation deg 0.0

16
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TABLE I
(Continued)

FIXED INPUT VARIABLE LIST

Variable Default
Name Description Units Value

PHIlRR Lift engine nozzle rotation rate deg/sec 0.0
PHI2 Initial lift cruise engine jet nozzle

angle (with respect to engine datum) deg 0.0
PHI2AR Lift cruise engine nozzle angle after

rotation deg 0.0
PH12RR Lift cruise nozzle rotation rate deg/sec 0.0
PHONY If # zero, instantaneous R/C is

calculated 0.0
PS Pitch up aircraft speed m/sec or

ft/sec 0.0
PSINT If # zero, and RUN # zero, will give

interpolated pitch up speed 0.0
RAM Ram drag scale factor for OEI; if

default value selected, tabular OEI ram
drag is used 1.

RDSCALE Tabular ram drag scale factor 1.
REVTIME Engine speed up time sec 0.0
ROC If # zero, dynamic liftoff characteristics m/sec or

at this R/C will be given ft/sec 0.0

RS Airspeed which initiation of lift cruise m/sec or
engine nozzle rotation occurs ft/sec 0.0

RSF Airspeed which initiation of lift engine m/sec or
nozzle rotation occurs ft/sec 0.0

RUN IF # zero, STO distance to determine
interpolated TOGW m or ft 0.0

S Wing area m2 of ft2  ....
SEGMENT If default value used, no pitching moment

estimation is entered in calculations; if -
1, auto rotation included in estimates;
and if - 2, elevator correction to auto
rotation applied 0

SINKD If 0 zero, this is bow distance for sink
calculations m or ft 0.0

VSTARR Maximum velocity before which a constant
linear extrapolation of aerodynamic m/sec or
tabular data occurs ft/sec 0.0

W Aircraft mass kg or lb
WOD Wind over deck (+ for headwind, - for m/sec or

tailwind) ft/sec 0.0
XCG Constant horizontal distance from CG to

main gear wheel (presumes no tabular CG
locations inputting) m or ft -

YCG Constant vertical distance from CG to main
gear wheel (supposes no tabular CG locations
inputted) m or ft

17
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APPENDIX A

TABULAR INPUTS

A list of the tabular data inputs is presented in graphical form. An
example of this data in numerical form can be found in Appendix B and
reference (a).

I
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Tab~ Reference No. 13
CD = (CL, 6e, 8j, Vx)

Vx2  Vx2

OJ 3 ej4

CD CD

CL CL

Vxi(m/sec or ft/sec) vX1

se(deg) 6

CD CD

CL CL

FIGURE Al. Drag Coefficient Tabular Input
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Table Reference No. 14
CL f(cL, 6e, 6j, Vx)

Vx2  vx 2

6e 6 e

CL CL

vxl~m/sec or ft/sec) X

Ojl(deg) 6 2

6e(deg) - 6 e

CL CL

a(deg) a

FIGURE A2. Lift Coefficient Tabular Input
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Table Reference No. 10
FG'-f(MACH, Engine Type, REVTIXE)

REVTT.ME9)

2

FG

4

MACH

REVTIME 1 (sec)

2 -aft engine

1=- fore engine

FG

(N or lbf)
4 -aft engine

3 - fore engine
OEI

MACH

FIGURE A3. Gross Thrust Tabular Input

A-4
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WiF-fEACH, Engine Type, REVTIME)

REVTII4E2

2

"F

4
:3

MACH

REVTIMEl

2 - aft engine

1 = f ore engine

WF

(kg/hr or lb/hr) 4 - aft engine

3 - fore engine
OEI

FIGURE A. Fuel Flow Tabular Input

A- 5
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CM=f(CL, 3e, ej, Vx)

Vx 2  Vx2

Oj3 6j4

10 6e 6e

CM JCM

CL CL

Vxl(m/sec or ft/sec) Vxl

ejl(deg) O j2

ee(deg)  Se

CL CL

FIGURE A5. Moment Coefficient Tabular Input

A-6
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Table Reference No. 30
IV f(m)

YYCGG

(kg-rn2 or slug-fr2)

m (kg or lb)

FIGURE A6. Moment of Inertia Tabular Input
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Table Reference No. 15
gL, AD = f(6j)
-FG FG

1 AL
FG

2

2 AD
FG

Bj (deg)

FIGURE A7. Induced Lift and Drag Tabular Input
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Table Reference No. 33
D f(MACH, Drag Type)

2 - external store
drag

1 -ram and other
throttle dependent
drags

D

(N or lbf) 4 = external store

and windmilling drag
3 - ram and other

throttle dependent
OEI drags

MACH

FIGURE A8. External Store and Ram Drag Tabular Input
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Reference Table No. 31

XCG, YCG fm

2

( 2 YCG1

(m or ft)

m~ (kg or Lb)

FIGURE A9. Center of Gravity Location Tabular Input

A-10f
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Reference Table No. 12

FGLoss/FG(No nozzle deflection)

2 = aft engine

FGLoss

FG(no nozzle

deflection) 1 = fore engine

eO (deg)

FIGURE A1O. Gross Thrust Loss Tabular Input
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APPENDIX B

EXAMPLE CASE

An example card deck and printout is presented. The required programs,
supporting subroutines, and control cards to execute this program with any
charge number under the NAVAIRDEVCEN KRONOS 2.1 operating system is illustrated.
An explanation of the sample case is also presented.

B-1
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Example Case

Card Deck

An example card deck listing, similar in form to the arrangement illus-
trated in Figure 2, is presented. As shown, three cases are to be run and
they require less than 50,000 octal central memory core and ten octal seconds
central processor unit time.

For the first case an aircraft, with a wing area of 430 square feet, is
initially resting on the ground with a wing angle of attack and fuselage
reference line at negative five degrees from the horizontal. The lift engine
nozzle angle is set at 45 degrees while the cruise engine nozzle angle is
set at five degrees. Both nozzle angles are with respect to the fuselage
reference line (or to the engine datum line for the cruise engines). On
examining the initial case's fixed inputs, at an airspeed of 66 ft/sec the
vehicle will rotate its lift engine nozzles to 75 degrees at a rate of 15
degrees/sec and it will rotate its cruise engine nozzles to 54 degrees also
at 15 deg/sec. At an airspeed of 80 ft/sec the aircraft will pitch up to 13
degrees at 5.9 deg/sec. This vehicle weighs 40,000 lbs. Additional fixed
inputs state that the vehicle has a tabular ram drag input (NOEDRAG), two
thrust vectors are present (El), and the analysis is for a 90*F day (FLDTEMP).
The default value of METRIC causes English units to be used. If the deck
run exceeds 750 feet the case runs will be terminated. The variables RUN and
PSINT are used, in combination, to interpolate or extrapolate the case values
of PS. This is to determine the appropriate value of this variable for a deck
run of 400 feet. The variable SINKD specifies the carrier bow length and
signals for sink calculations to be done for this case. The IPRINT parameter
indicates that a time history of pertinent parameters for this specific case
will be printed.

Example tabular data includes CL versus a, drag polars, engine thrusts,
ram drag, and induced aerodynamics. The table numbers used for each table are
predetermined as outlined in Appendix A. Notice that omitted input, such as
fuel flow data, is assumed to be zero by the program.

The second and third fixed input cases switch off the sink calculations
and the time history printout and change the lift and cruise nozzle rotation
initiation airspeeds. These additional cases also change the airspeed in
which the vehicle begins pitching up. Note that a maximum of one card is
permitted for each additional case. For the additional cases a value for ROC
causes dynamic rate of climb calculations to be made.

B-2
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TEST CR500VoTO 0ACCCUNY.C4A.'e t4 ER.PAS5.tQO.

OITPIVTLV
2

) .LCO... SIFL/STO

E'40Of oQ.ECOPO

EXAMPLr CASE

VE. 14 1 T PLE CL fS. AL3,.A T&ILE

')L TE 1 0.

2w?3 0. .

CL 6 -.13 -. T .173 .45 .7846 13.
1.5?

DOE I o.
CL a .1 IS .(.2 A.1 .3' 1..?45

EoI?

* LE 1 0.
CL 63 1&- S. .06 1.1 1.34 141 I

13 EXAM.PLE CRAAN POLAuST rPsER )F A
OUMM I A.
PM12 1 0.

AACTE 1 0. .5 . 1

DIN- 1 0.
SET % 1. 2. . .
AC. 5 0. .0s .1 .Is

0o 0 S 14,04.4 132. ti?.OT. I "I F.

FGAI 5 23716 Z36. ?495a. O~3 77363.

33 EXAMPLE rwciec PAEin.'..C izOL

SET 2 1. 3.

w.1 " 0. 3. 10

CFLr 1 0a. . 346? .03. 10e.4.-b

FB-

is rINL -NUE E(n"~C AL
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"LAN, LA-0

NOTE: "Atu VOE A.Q Of 0hC £OfIL CASE.

ENO Or INrOPH&TION
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Printout

The computer printout of the previously mentioned card deck is now
presented. On the second page of the printout a loader map illustrating all
the supporting subroutines and their individual core requirements is presented.
On the bottom of this page the fixed inputs for the first case are shown. The
variable NPRINT enables the tabular input to be printed in full on the follow-
ing five successive pages. This data, in turn, is followed by a summary of
core requirements for each table. Next, the output data begins with a time
history of the first of three sample cases. Each element is a successive point
in a time variance of parameters. These parameters include:

W - Aircraft mass (kg or lb) (English units for this example)
V - Vehicle airspeed (m/sec or ft/sec)
L - Lift force (N or lbf)
DR - Drag force (N or lbf)
RF - Nose gear reaction force (N or lbf) (not used in this example)
EDRG - Engine related drags (N or lbf)
FN2 - Cruise engines gross thrust (N or lbf)
PH21 - Cruise engine nozzle angle (deg)
ALPHA - Angle of attack (deg)
T - Time (sec)
D2 - Distance (m or ft)
BALANCE - Lifting forces minus weight (N or lbf)
PHI1 - Lift engine nozzle angle (deg)
FNl - Lift engines gross thrust (N or lbf)
CL - Lift coefficient

CD - Drag coefficient
CM - Pitching moment coefficient (not used this example)
A/G - Normalized longitudinal acceleration
RHO - Atmospheric density (kg/M3 or slug/ft3)
DELTAE - Control surface deflection angle (deg) (not used this example)

The following parameters were not printed in this listing because they were
not used for this example case.

DALPHAD - Angle of attack increment caused by auto rotation (deg)
IYYCG - Lateral aircraft moment of inertia (kg-m2 or slug-ft 2)
XCG - Horizontal distance from CG to main gear wheel (m or ft)
YCG - Vertical distance from CG to main gear wheel (m or ft)
N - Iteration number for elevator correction to counter auto rotation
RF - Nose gear reaction force during iteration (N or lbf)
DELTAE - Control surface deflection during iteration (deg)

The following parameters are printed if dynamic rate of climb calculations are
made. These parameters are printed only after liftoff.

ROC - Dynamic rate of climb (m/sec or ft/sec)
ACCY - Vertical dynamic acceleration (m/sec2 or ft/sec2)

Finally, the following parameters (which are used for this example case) are
printed after liftoff when sink calculations are made.

ASINK - Sink acceleration (m/sec2 or ft/sec2) (sink calculations cease
when this value becomes zero)

B-5
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VSINK - Sink velocity (m/sec or Et/sec)
DSINK - Sink distance (m or ft)

The time history printout concludes on the following page of output. After
liftoff the appropriate sink parameters are shown. After the time history the
final liftoff parameters are presented. These parameters include maximum sink
height and time, distance, and airspeed at that sink height condition. Other
characteristics at this condition include lift, drag, horizontal acceleration,
gross thrust, and vertical gross thrust.

Since the IPRINT was switched off for the two additional cases no time
history is printed. These cases were done with dynamic rate of climb calculations
so instead of sink parameters the prescribed rate of climb along with the ver-
tical height when this rate of climb is achieved is printed.

After all the cases are determined an extrapolation is made to estimate
the pitchup airspeed and horizontal acceleration for a deck run of 400 feet.

(
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KPONOS 2.1.1-IC? 81/03/30.
OPE-iLT1NG Si5IFM

Jfli OkIIjN F12 EIO.

TTIIITITTTII EEEEECEEE ssssssssss TTTTIIITTTT AAALLAA Wv V I1111IITIt!I
TTTTIIITTT EEEEEECEE SSSSSSSSSS$ ITTTTTTTTTTT LAAAAALAAAA VV Vv JIITIKIIIItK

7T 1 E 55 3 TT AA AL VV Wvv I
IT EE 35 IT LA LA WV VvI

IT EE 55 IT AL LA V WV IT
IT EE 5 IT LA LA WV WV 11
IT EEEE 53sssss IT AL LA WV WV if
T EEECCE SSSSSSSSSS, IT ALAAAALAA WV WV it
IT EE ss iC AAAAALA Wv Wv it
IT EE 53 IT AL LA V V if
T EF $3 IT AA AL WV Wv it
IT EE 53 IT AL LA V V it
T CE s 3 IT AL LA VVWV It
IT EEEEE!PCCCCE SSSSSSSSSSSS T AA L&A Vvv ItlIttiltti
T CECEECECEEEC sS5S533S5 IT AA AA WV ttIIItttTIt

.SVMWM.MdA- a".WMMAVM.W.SM.MAM WM dS.WMNMMWMWHWMVam .WMW M.MWUWMW WMWMWMVMMW MPM bNMMWWWWWWWMMM#M
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LOAD '.AP S TU CY4ER LOAOEP 1.'.-6h 91/09/28.l..0. PAGE

rWA OF THE LOAD I
L.A.1 ('F T E LOAC 32715

TRANSFFQ ArDQE5SS- STO 6706

POGRAM ENTRY POINTS -- ;To fb

PROGRAM ANC PLOCK ASSIr.NMENTS.

, LOCK AUOCIESS LENGTH FILE nATE PA'CSSR VER LEVEL 4AQOAAPF COMMENTS

"PRINT/ III I
STo 112 11662 LGO 7a/01/0 FIN 3.0 P380 6666
/TSI/F/ 1177' S671
TAKES I37A65 13153 'JL-VTLI9Z7 77/03/0 FTN 3.0 -1380 6666
SPLNO3 21240 504- UL-VTL192 77/10/1 FIN 3.0 P380 6666
UPDATE 21744 13S ,LVTLlM2 75/07,3 FT4J 3.0 P380 6666
ATMOS 2301 213 'JL-VTLl42 76/3012 FTN 3.0 P380 6I66
SNEST 2231'- 110 JE-ATLIR2 75/0e/3 FIN 3.0 P380 6666
SYSTEM! 22424 103S S1-fTN3LI8 R0/09/02 COMPASS 3.6 '85
ACC'OEPS 23461 13 SL-FTNVILIS 60/09/0? COM4PASS 3.6 .AS
AACKSPs 23474 334 SL-FTN3LIb 660/09/02 COMPASS 3.6 48S
IFENOFS 24030 S7 SL-FTN3LI3 A0/09/02 COMPASS 3.6 485
INPUTCS 24107 131 SL-FTN3LIa P0C/09/02 COMPASS 3.6 48S
!NPUTNS 24240 3171 SL-FTN3LItO 60/09/02 COMPASS 3.6 485
OUTPTCS 25631 71. SL-FTP43LI 18A'/09/02 COMPASS 3.6 48S
aEwIN4S 25529 S2 SL-FTN3L IRAO6/09/02 COMPASS 3.6 485
EXPE z25;77 4.4 Si-FTN3IiB $0/09/12 COMPASS 3.6 485
SINCOSE 2S643 55 SL-FTM3L~d 0/09/02 COMPASS 3.6 485
SORTE 25720 2? SL-fTN3LI8 80/09/02 COMPASS 3.6 48S
XTOYE 25742 7 So-FTN3L18 60/04/02 COMPASS 3.6 48S
KOCEPS 2-;751 3422 SI-fTN3LIb 80/09/02 COMPASS 3.6 '85
KOAKEPS 27373 3525 SL-FTN3L3e P0/09/02 COMPASS 3.6 '85
ALNLOC-E 311Zq 37 SL-FTN3L3S 80O/09/0? COMPASS 3.8 48S
OETBA 311S7 17 SL-FTN3L3O A0/09/0
s30t 33376 ISI? SL-FTN3L3OI PO/09/0

.106 CP SECONDS '67008 rm STnaAt.E ubEfl 11 TARLE MOVES

AS'F0QLv.6.NOEn~t..I F.I mlFL ntFmP.Qoo ew. j I a,,r)ST6Jv.75.00MI AI.7.

%3%fl.00..PINT.3.
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L. EXAmPLE CL VS. ALD'A TAOLE

P.1 2 : .0 CLTE- .0

aLOK OO.001 -.'OOOOE:.0h :0.00EO AG000E.OI .12000E.02 .IAOOOE'.OZ .?000OE.0e
IL ... RO Oc 00 .7 500E*00 .3?IS00E*00 .'.iOOO00E.000 .78000C.00 .10400E.01 .1137SOE.01 .11'900E-01VEL. - .0

P.-12- .50000E-02 CLTE-.0*
ALO.. ::21OOOE.0l -. 00EI .0 .OIIE0olE0 .80000E.Ot1 2In00E*O2 2ioo~o :20000E.O2

VE 0 CL I.300OO 0 : .0E.00. .2ooOF-00 *6
0
0OE.0 .q60OE on *2000E* 1 '0OE 01 1 *) O0E 01

P 2 *(
0
0QOGE*0Z CLTE* .0

ALPW4 8.0000E:01 -:4.0OOo0 .0.OOO:0 .t800OOE::! .I20:OE*2 .16000OZ: .?000E.ozCL ."000E.00 59 OOE'00 .86000F.00 :.1100E 0L 1~3400E.0 l.0E0 160.L .50EO
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13 EXAMPLE ORAr, PnLAQS (01 OFr) IAFLE

PHfIZ . CLTE- .0
CL .0000OE.00 0 2~OO*0 .00E0 1000c:00I .'o0c.0

CO :'I20E 0.93-E-01 .374000E-01 *16530300E-0 .I?463E.00 .22QO5E 00
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10 Fx AMPLE ENC INE TQtLST TAiILE

oupm;d .0
TIME .0 SET - .10900E-01

0ACH .0 .5000OE-01 .10000F.00 .15000E.00 .20000E.00

TU14M *0 11 *I3?qSE.O5 .2A604C.05 *.4312E.05 .1I47SEOS .1S417E.05

UP14E .0 SET - .20C00E-oI
-ACH .0 *SOOOOE-6I .IOO*0 .100.0 .OOOOE-00kum .0 G .?941TE.o5 0 .210E0 3,04 E. 0S .31606E 0S *Z6?3E.0S

TIME- .0 SET - .30000E.01

ACH .0 .%OOOoE-01 .I1oo00o *1500:E::0 :2000.E:00

Dum. .0 F .I0Qq4F.o5 .113 OE OS *IASE. O .1234.2E.S .1 3,1 8E 05

TIM'E- .0 SET - .*'0000C.01~AC)1 .0 .500OOE-01 .10000F.00 *15000E.00 *?OOOOE.00
FG *23714E.OS .243..6E*0S .24.qsgf.0s .261bIE-flS .27363E.OS
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33 EXAMPLE QAM nfl~ T~dLE

TIME. .0 SE .1000OC.O1
m'acm.*0 SD00O0E-01 .10000C.00 .1500.0 .200OOE!.00

oOA. 0 ;AMD .0 .394(,OE04 .81230F.04 .12240E.05 *16621E.05

TIME* .0 SET - *.1000C.01

"C :SOOOE-01:j .1000000 ::S0000.00 :200000.00~
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is EXAMPLE INDLCED AER~ODYNAMICS TAQLE

.0 SET - IOOOOE-01
-lta .0 .000E.02 . 10000E.03

CC .0000OE-01 .120OOE.00 *211400E-00

y * 0 SET - .20000E-o)
0-12 _:2030:E:02 _:44500E.02 *:'.70:E.0e
EC ".POOOE 01 .310*OE-01 .'200 E-01
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TA4LE DATA INPUT Sur-"4Y 5 rAkLES

TABLE NUN-E QfFFPFNCE wtM.AER ARRAY LOCATION
I 10. -1 .
2 13. 17R
3 14. 6i.

15. 3Z3.
5 33. 31.

OATA qTORArE ALLOCATION 3000

DATA ITORAGE NOT tUSED 2982

B-14
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VSTOL TAKErF7F PF FflPmAPCEESTIuATtO4

E-AMPLE CASE

INITIAL GROUNO PUjN PARAPOETOS

.!V. L. OP.QF .EO). F .
P.42I .L:4A;T:02PALANCE.PMI I.F..I
CL CO.C1-A G.PmO.OELTAE

,LP.4A~fALOf. IYTCn.YCCn.YCG
JF.OELT E

POC Ac

-Z0 QE*OS .33R?DE-01 .1303E11 -.2404E.04 *2Z'9E-0 .?IE00.9IF0

.5000o0I -.50000E.01 .25000F.00 .1529SE-01 .2Q62IE05s .45000E.02 .137'OE*05
-.23049E-00 *33941E-01 1111 .10439E-01 .22

4
.2QE-02 .0

.'0000E:05 ~I 04E-02 .12Zc*9EO4 -.1671&E.04 11111 *tLZtSE-04 aZqsqF.os
:Soo 0,E , I .SooooE.0I .?5OOOE.oo *I0?QTE.02 .29821E*05 .4SOCOE.02 .1384E-05
-.23089E-00 *33q'.TE-01 11111 .10369E-01 *fl'aQE-0? .0

.~~O000E. ~ ~ ~ 6. ................... -.4 aE0 11 U0EO
.50000E.0I -. 5000 .124OCor0o *I.3%E-01 TIM5?*O .1?221E-04 .I9o?9F-o
-.22089c.00 *flC'.7E-01 O 11111o .%OlqIE.02 I8?E0 .4l'?QE-0? .3PF0

2d3084E.0 *37E0 li IiOeE0 '?22E-02 .0

.SO0OOE.01 -.500OC.0 E00*1 IQOO-Q OS32E-02 .290S2E-OS .4SC00E*02 192EZ
-.23089E*00 .33c1.4E-01 IT iII .10141E-01 Z229E-02 .0

.AA~..,*.*4b.A**4..4. 44.. ... **.. . .*****......***.*..*. ....A..

.'0000E.05 .45187E.02 .11334F*o4 -. 68-41E03 11121 .29S63E-. Z059O

.50000E.01 -.SooooE.OI 12500r-01 d .30-E -02 .?000AE.05 .A5000C.0z .13'0"F.05
-20900 .33q..7E-01 11111 .10026E-01 .?l22E-02 .

.'.0000E.35 .44-'IqE.0? 0560r~o. .40027C.03 11111 .3-216E-04 .2491QF.0n
*50000E-01 -.500C.01 IOO~OF01 .e40W.02 .2990"2E.05 h'500E-02 100F0

-. 23*AQE.C0 .33447E-01 [Till .491%SE.00 .221.29-O? .0
...... .*.* ....... 4.6... ............... ..... l..**604.06.........

.500O0C.01 *.5000O0 .??500F.Ct .. 39A7E.02 .. '305- .'bO7OF.02 .1..ll4F.0S
-. Z2iE.IE.00 *31q.?F-01 IT. 473 0 0 249-2 .0

... * .................... 064........................ .. .... 4 ..... 4...... ... *~*A* ........
.'.ooooE.0s .- 014E(.0? AbllFt-03o .d.QIE.0' [till .,54,#bE.04 .30iA9t.0.
.ISOOE*01 -.'SO.F0I ZOOOWOF-1)l .iob$AEit0 *?3'd3E.05 .6asooo-t. .lbl'79'.0s
-.30Qooi .31447E-01 MIT .P..IE.00 11111 *IAAV.O

.850-1 .00EOi .20Ftill *.00,.4E.00 .f?3F.05 .0-7o-z .. 1rO
...... *..* . ......... *.................. ....... 4......... .............. . . 4 . ..****. . .* ...

.4000F.O .8036E-2 .141?r04 dOIB-Q&SI S)h-o 31~rO
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:0'AJ0E-EL00i....... :2.O4 9102 ....

..... .4 4 : . .................

... ~~2G0QE.16 00.~l~ 333~A ~ 5.4 111 h6Z~97F.04 .30301F.0s
.20000E .c -.l'T1S0E.0I .30000E C, .11,1 ZE-03 .jXq3f*Q5 .60000F.0z .a,209r.o5
.L4ER?E . 0 .2 9p kE-Ol I 1111 .19b3E*00 :?242~9E-02 .0

.4OOOOE:O5 .I0039E:03 *4lAFO 04 7122E:0- 1111,5 *?07sqE.0 332vo
:237 0E 02 .:2 000E.0 .32500f:-71 .kl7S89E03 .10,490E.0 :63750C02 144i o
.232PRE.00 T~.tE0 rill .T'00SE.0u ~2429E-0? .0

................. ..... 1444 * ... .... ......*,** * .. 4 ..... 64. ..

.-OOOOE.0S .l0#0'.E.0j .SJji*.0A, .,J'30,9E.0 11(1 *74A30E.04 .02r.

.27SOOE.QZ .IIQSOE-01 .35000F.41 .2019l9E-03 .67OZ6F-0'. .67500E.0Z .Z'4ME*05

.3SS2?E.00 .36054E-01 171i! t~S930E-00f .22'.ZqE-0? .0

SINK fATA .s'556E.ol .13619E-00 .3409?E-02

.312S0E*02 24A700E-0: .379,00F.01 Z2939E-03 Z~6876E-04 .71250E-02 .l..305V.05

SI,?4a4 4 0 ~ .28 4 l ic 0 T r i l . 0 3a-iV. 0 0 *,l ?9E70 2.0 0

LZVECL CISACTOE~

"OgIZONTSIN AC
0

1 1'ONC IS .4l~bE.00 FT.
LIF

T
AC- .2Z*E0 F.7e5EO.PIN) ~

EN flf"TFP WS wS IS .83560E US POUCMAS

VEQYICAL ,-AOSS T'.PUST a .3?Pe.3E.05 PnMaNOS F-jPCE
I4OPIZONTAIL GDOSS lr..QusT a .26904E.05 POUND3S F0QCL

NEXT NEXT NEAT %Exr t~ext NEXT NEAT NEXT NEAT NEXT NEAT NEXT NEXT NEXT NEXT NEXT NEXT NEXT NFXT NEXT NEAT

SOATA S~~lOQCIa7Ps00.6aF7.PiI0
TOGO .kQOOOE.05

tNrtfAt ORCUJNO P1114 0APAMETEIAS

VE"ICLE 15 A?0J OQNE
VEkICLE "AS A QIC OF *16700E-01 VT./SFI*.
VECTICAL "SEfOMT IS .36421F-04 FT.
OliTANCE - *IS47&E-01 FT.
VELOCITY - .13093E-01 FT./SEC.
TIME - .4aI0GOE.01 SEC.
ENOl WIiAHT F-)w TMIs P-S Is .*fOIE OIJN0S 14SS5

LIFTOFF C-ARACTE-7ibTtcs

M40aIZONYTAL ACCFLECAT1ON . *313QQF.00 1.iS
LIFT - .11300E.05 001 NO$ r.VC.L
ARlE, . .4145,-F.04 .- '1.NOS FuwCE
vES)TICAL -140-;S tM.A .7??.. ,,NIIlj FU.CE
.C0 

1
0VAL ."TSl-U51 . .0?h3, -O rv I1,0SQCE

P-flT ~'EXT %FAT kE4T %.FAT *.EAT N~vT NFAT NVIT '.*'T NEAT 14EXT NEAT %FxT NEXT NEXT NEXT MEAT NVIAT N FZT &%(
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vL CLL -A. A -C OF .1P70OF*OI PT./5pC*
JE ICAL -I C 71 IS I ~ f,

n I slA%rF' . FlT.
=C .Ics.l' - 1./SfC.

TIME.0-COE*'i SrC.
VNf) %EJA1NT VdVQ 71P. & -r is .-.OACE*O, POUN-)S MA1SS

,CCIZO-4TAL ACCELF-41IUN c- I.O O 'S
LIFTr - Ilt,3Qr.01; P0111411 Fu.QCL
rnOAG . .st#'O0?F.016 P'ONPn FJ CE

NCOIZONTAL '.-'SS P-,) .23'.?JE-01 .-rNOS~ F'..CE

NE AT NE AT AE&T A.ET bA A I %r )I #AT1AT NE AT NrxT NEAI %E .1 NfX AtE II NEATI NEXT NEXT Nf AT NEXT NEXTI NEXIt '4 AET

RY CUBIC SPLINE IN~TERPOLATION rF I.E AeX.A LJAIA POINTS
FOP A W''N OF .AO0flOE.XI FEET I..k PS 1S .I03?OE.03 rT./SEC.

ANO TmE I ORIZONYTAL ACCELERATION IS *37630E-00 GIs
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.SI.TEST.C4%000O.l 20.

.53. -ASb4- DEVICEt

.57.f-T. 4V I L Ie'I Lr-11 .. . L/I .1

.00 . F)I II Ne fC.SLIFI E .

.00.LSE I ILI V-VTL IQ?)

.0-'.eO-oulfQ Is.Is A7.100 P 1.

.06.ep Ib.~o SFC. s o t

.0.1 .R45 SEC. 1 0.419
.04 .I 19.1-14 U.C.
.0'.TAPES SCIECULEO 00
.04.04CI5 %C-ECIJLED 00
.0,.4;ExvICf C*-EE S 2.20
.0'. -

.04.SU6
1
01&L s 3.1?
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APPENDIX C

Program Listings

A listing of the FORTRAN source code for the main STO program and a four
degree-of-freedom interpolating subroutine TAKE5 is presented.
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O$71au $3 0301
P~t I A' l ' TC 11 $.7T TT~j.A'4I;J13 03.2

Z~~ ~ ~ 0-00 00..o.# ................ i0 3--.3

J ! - :I I% TIT AI I,37.lj 1 ;J J T (1 1 A A l(33S 3 32C 6
0 J' i4 I41. ST $3 Dr..7
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sc 4T6L.I4TBL-1 TA.(5JI',
60 T3 210 TAKS.1051

lPPI1IL.&L1.1) 43 TO 144 T81(50a.1
COG* 4E 34314 TASLE P514 .iAlEaS TAKS0i354

1312J %3304i -1 TAKS003
03 130 L-Z,NTIL TA1(50095
41-L-1 188.8035?

C-9



NADC-81259-60

(!. I J1I&kTA ?14 . IT

, FT3&1&I3.LT.tOAT~t(Z) ; T3 L310 A,53
Xa -' A T*T.AhI K II TAKS0060

l2ATIIIKZ)*I1AVEk4 TA411361

T3ATA (Kl#IO))&TAK4*l5.) TAik5J0bl#
T2AT~(I(2#.30-%4i$E TAK50065

4034i-LTAICICO6b
130 C"14u 1U A451006?

1'.o tri11.LE.)l GJ T 474 TMI $0069
70 lF('4-ftj1.t0.OI ; .22 1I S~C "AS

m~s is MC 50071
130 F2;49ATt141) 1&.( 00?2

PUN~11T 273).NTIL T665)073
17 ?o 344T i54j164T6~i~i 2616 1%AJT

7!11,4441AALE NJnIEA RiF:Rzi:6 NJ-IAa A~~k L3CLTI2'4 I* T 0375
P114T 19-2. ( 04 ,31tA(l $;ToATh( 44.01I~1.4TL TAK5)376

180 F3-49%7 t321.1Z.IZX,FS.3.11gF.DO TAK$33??
6Pi!4T 143, M~4('Eq raf 50078

190 P,1-140 1I1,351.24,lCT6 jiJ4AGF ALLUMIN~' ,14,1351.24-434TA ST096&6166K50)?9
a8C 1 431 USE3 '14.11 Th-( 0 0@ 1

ZI'441GLL.GT.01 atIMT ?23,SjpjSgjO. 12j.1,mqlGEL) T&K,0)81
90~ 4 11 '4T I0K.*T46 ;G0L 11% T & 1648 .4AO 6 .i'4 AEPLACiO6*.15 1;E,., Op 6a.,00cZ

TAKS0053
c Pat I111 4.ITq)12&1AIIPO.4- 1 La:)I TAV50364

4ETJ6N 16650086

IrWA6IiT.L0.0I 17.0 166508

PA~IT 30164TiN A505e3

100C 12 0 T&K53100

L -- . IC TAK393
121) ' 4 T 1650694

230;ll CL 4, TAK10196

Z?.1~Ji0Z 1Il 43 T)4 101)2IIG

1') 1).'E.100(3) ;uTO ) tAKS103

L41.t 16(5011,

!6'.* ~~~ ~C 10MOIM AS1c

L*J:6A141



NADC-8 1259-60

;U!.43JT11! TA"-, 74/74 3Tr.1 ;T4 4.**§26 SiI34.Za. 113.it.43 P41 3

I.L.Z*1Thotso11O
51 T) 333 TA454116

23. 1IMP.03.C') 13 T3 333 TAKS0117
L1-LV~l TA~j#i18
jrfIP~tINT.N;.3I -41.4T p.(I )Tl~ TAKSO19Q

zc293 ).T1*h.4.L. TAK54.12.
IF(e4'ikzNT.Ki.O1 PR4T 30.3IITA,(l.0J3,TAALI TA430121

300 F3ITII4.4.033l14.4.e35 50122l
JP* 0 TAK50123

%.% TAK5 3124
123 LF.L4 TA4,3125

31) i. 4 TA,(5 3126
X~( 1GT~dkP~iTA4.53127

A0128
L E- LTAK50129

130 LF-Lr*l TAKJ;3
I F( %PRhIN .i 312 'IkT 323 1 DO141,1 ITO ATA III*L F L E TAK 50 L31

3W0 F3494T(221#44#11*6113.51 TAK53Z
LF-LETAK50.133
42-JF*NFTAKS0134

135 jp~ TAPE0135
!I04iINT.h.01O PRIN4T 320.I0O(91,gA(1I,1.JFJEJ TAK50136
JF.1E T&KIO13?

IF44.GT.01 ;0 T3 310 1AWOL35
330 03 340 1-1*14 TA430139

Itc LJ:.L3C.1 TA-0014)
340) TJATAL3:1.&ttl TAKS3141

L-.L3C TAKS0142
I/ (13.E2.100(?) TOATAI L3C#!)3 *. T4K5.)14l

LO:-.*304#3TAK$3144
I1bb ZP(,3C.GT.N9A13?0.2t T A-t513145

350 T.IATA(LOC).TOATA(LX) TAW.50 140
L-L3- TAM30147

33 3t0 1..14 148S348
LJC-LOC.1 TA430149

15. 35a TIa& 4L C.TJA T A tL A + ThKI10
33 T3 280 t4(30333

3?- PRINT? 383. 1181143 14150152
3FO F.1844T O1,24***'*AL VER PLII #T43Ll #15*11 NOT i.GADEOI TAM133

63 71 40 141130154
IS! 390 L1.L3r I LIN.L.A1 S r3 TJ Z7) TAKJOIIL5

i118? ILIOS T4(3015s
S*.*S***S****e*.@**e***S*9*******9~qs*~*~*****e***s* TAKIOLS?

IFIII.Lk.33 tfTJRA T141154
1.' 3A14 F38 C3446:T TAILE. TA1csos9

181 44.-if$Lt1 18113016;
14L - T AK 540161
4.0.411 T&1130162
XTAS-1 T&K4150163
CT.) 14K114

185 4C0 CT.11T.1 TAK10163
IFI11T.GT.&) 30 TI 4?3 TA1130146

IP(IA-TAA~C3.l). 3 T3 43) TA1130187
1I((TA3-TDTAfKl3.LT.).1 SO T3 414 iAK510018
!L TAK 4110189

370 01 T1 42; 141(30170
41C 44.11 14110171

c-11
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42u K tI 44-ML I 244L TAKSO1
; 3 " ' 1O IAE. oil,

43U I LA 11. 1A(.10M
IT! hZ.TU2AIK14 1 I A 40175

LOG. 1U1-Z491IZ TAKSOI
02 460 1z:1.Rl1IZZ TA450191

1j z.T314 a ix) 45014
LOS 3IZI*Ib,30 1*430105

112 *11#z tbE laq450191
00 440 IZS.1X1,1*2 1*45019'r

443~~~~? IjIK3~T(d3374019

195 ~ ~ X 2~T11".Pi11Z1**K 1*450195
4 40 Z*. X 11.50192

lot TOSTA SI3.S411XT3T)1. 1 T AK501 05

46C IT. I A1*450194
" x , .5PLAC11lZorD*1*.ZI 

TAK10199
ZO 70 '411J44 1*E.5ZUp a

E-42 1*4)0201

C-12
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APPENDIX D

Program Logic

Flow charts for the main STO program and the subroutine TAKE5 are presented.

D-1



NADC-81259-60

CIO S-SAAAA IA.444AAAA6164 && LA.4A1AGIA4AAA ISAAAA414 AAAI49AJA AIAAAAAS

CPq E.Y K3b6i5 k P.FL 1977

=q N/FRM/NFR:NT

NTEE Fr SE' 4ENT _______________

~~LiN~~~~fl~~~7!ZE r!ZR~ tT~EE NE~: MEr . 0

I L __ _

CSNT. ON F0 2

D-2 o



NADC-8 1259-60

liTNX0L3FRSNKF=H: 1R=G!H:G 1PT R=0CG=zWRNP13'

Cr; TOTo__-

2~2

RERcqD 3O.ECOPY7

30 1

tX -F- .2s: s- -75--c5

CTNT. ON PG 3

D-3 2F o'-



NADC-8 1239-60

PR ENT 4'2,r[COPY

ZTO 20G

SC 70 CE=LEC

C:NT. ON PG A

D-4 or.3



MADC-81259-60

CC;LL Tr-EF-,5 I .. Y(OJWXY-2

GO TO AC

HR3
I EWINC

RE-M 30, !CZPFY

C'INT. ON PG 5~

D-5 Ot O



NADlC-8 1259-60

LEHVE~R-;-U,.R D LEVtE-=!-Rq-.cr-

1. 2 3
Vd=V *WCO

tr-:UNPT=G

UN>T. ON PC* 6

D-6 G o



NADC -81259-60

f4R:Nr t4. i

mr.NITIRL L.3SUNC RUN EE''

*H .

RLT.=PLrx -304

CIL.-O (R T is 5-q - c;j ; ,



INADC-8 1259-60

RL'T=R LT43

Z-, Z TO 170'

160
qLOTEt=FLzrEM-r-'.273.,

1 q6Rv7TRL;E,2S15)
L PZSS-t6FLTEr'

c:Nr. 3N FOi 53

D-8 P~



NADC-81 259-60

~ 1~ E?~:C~a~CFlGX.93

~ .J.C4~NZ.J=

ao-4 1 7-m r r mF tTU~ .:-jt E G or-Evr

PI~ :2~HI

3FT 2.

j.=t 1 WR=Q S CCN=NSOIICEL. 4 '-=COUtNT =

C~NT NP 9

mD-97R



NADlC-81259-60

:r- TO l9.3

_l=H',.-rllRx43

O FR SNY 7UTURE TRBL.E LOOK( UP 1G-* H

~N.ON FG '.

D-10 PG o



NADC-81259-60

sro 2c

~A L

C/:NT. ON PO !I

D- 11 PG cO



XADC-81 259-60

CRLL TLOOS( II .M9ZH.G2 -[)L;' .0.-WFZ

IIn

FPLL TLOQ!S( 1C.MN-HQ 42 T OUh'.. .FNI

CTNT. ON PO 12

D-12 PG z F



NADC-8 12 59-60

FF~tT-J~b~bF 1 VNNiJ7

I GTO TRL=FN1 t P427

LRLL TL035( 15,PH122 .0.. .- [LFGI

)[LFG=OLFiFTOTRL C ODFG=DFGG'CTL7

tCNT. ON FG i2

D-13 i2n



NADC-812 59-60

CrLL TLOC .it 14.;LPHR.OE', TAEE.rH2 r .SrA!R,:LlI

I F' GFCMEN rN .2

CRLL TLOS 1-1.[EL.CE',-TRE .- HZI .VGTR~l .0-

~Hr2=:2-112 .1 24!SSZ6G4/Inc. I

OR~= .S- O- V2s3m.S

ICRLL TLOS( 33.r~C.I4 OR

CqLL TLoo6!E(!3.MF.9:H.a2.o. ,CK.OSrTOREI

D-14 PG is nl?



NAflC-8 1259-60

(F

0R=0RORGOR-!cr LF4D

~H i~tT~fI~TU1 ~N2~Nr2~r C~iEF
F' M05TORE NY 32IP33

L.L0L~~ _________________T

I3TREC
~ N .. N .O ..................

D-13~ :4or F



NADC-81259-60

EW- O

sv=0Tv F G -D- Li,./W

F7 Ua!MEN T .EQ I0

C; TO 22

MOM!ENT= .EV'3~F

fPF='LEVE a5RLPr4CE-1MENT )/OLEVE! I

TFTCITH. .C.

CM.ON FG !E%
D-16 PG___is ___I



NADC-81259-60

L,, TO 2503

PRINT 23(3.FHZL F;rH. -PHIR8)CE.L I !4

230

O~T N F0 !7

D-17 pro 1 a



NADC-81259-60

G!-, Tfc

C T NO Z'
D-8c7~



NADC-812 59-60

Bl4

024.

IPHI I=FHlIRR to FH E=PH Z2PR S LFRLFHq9T

PRLrNT 270

"270
F0MRqTCLCX.aitNSTPrP4TNE.O'S R~rT~EON AT OC!N7;

~if NY=- .13 G~ CT 13.7I

~cN ro P0 Is

D-19 PG i s OF



NAflC-81259-6C

FF

30 TO G

F

!F"C -LT.DISrMF9X)

C't4T. ON Pa 213
D-20FI cr



XADC-81259-60

CrO TO 720

aO rO 3 30

MU=C.-t FYL=FPCY t, DOC.ORJC

F;GY= -15LRNCE YGA/W

FIGYR=c (RGY 4RGYf )~ .;
OR3C=DROCL -PGYRxOr
f1RC(ORC-lROCLIm .

C.,'NT. 3M PO 21

D-21



NADC-81259-60

PR'Nr 32oG.CROC C~yp ?

F 3R q T( I X ~LP I~ P MZ B 1 7RU I .E R117 ~)

Z. O TO 41 G:Q

':CNT. ON FD 2

D-22 PG2i IF



NADC-81259-60

1'!, TO 3j 2

350 1

1 COUNT= ICOLINT:1

CTO I

.53G.



LNADC-81259-60

BC4
40 0

I GFR-1m T - El Q GTdI

GOz TO0 6 3

F120 C 51

PRTNT 420

4t20

MUCH To 3.l

~C6
430

FR1MT 440

r.'T. ON FG 24

D-24 PG. 23 131 3:



NADC-81 259-60

4 40

F~(I~a~I Z ER C .E 0 I5~~'

F

Prr4SC.CStNK.lStN?1

F1ORFqTLOCX. N."XIMUt IANK 0 ISTRNCF TS* X20 .5,R IC)

ttCIF N?-M. op GQ NF.o-

D-25 PQ3 24 IF



NADC-81259-60

'-ORM,7CIC -3YSE-' P-T ~f*,U:; L IFT7'FF&

F

IG TO 490 2

F
TFC IIETR!C .NLE .G

ST

P-RINT 47c1.RCC.IROC

470 __ _ __ _ _ __ _ _

FORITClCX.vVE4:CL.E HPS P 01/C 3F .E20.5.771:)

CtONT. ON FG 2

D-26 PG 2S 3F 3;



NADC-81259-60

EROC=LCROC

( ~~~FOR!!T(0X.,mVEFrRCL HrfEQGT ES ~EO5~C

25 cs

G~O T 530: -

IC RLPHS CIRRECTIOM RL)TO 0T ON .S. **tStI

cI2Nr. 0N eo z8?F p



NADlC-81259-60

r7 2 CA7 ~



NAflC-8 1259-60

C.!J TO 5'~ 5

1 TR I =O

(F

17

D-30 TO 22 5P

tFSSA rR O-UTRRT7O YEEPTCR



!7ADC -31259-60

ICriLL SNEST( N RF.OUL. TRE OF: .TAE 0 1 C .80 O~LRO YL XcfCHE(. KX 0Cr.)

rFR-FNT 7.N.O-qC-.OEQ,!

F CRMq L X .-5" r I4 H .>SX* I C .2 L CX E 2, 51)1

CELL ~ 1 TL0S I4,L TR.EL T CE .H ,ST9 .

.17

D-30 Pr, 20 OlF 3



MIADC-81259-60

CQLL TLOQ5,( 7.CL.DEL'.TAE 12,'!,VSTR.C ! I

Eic'!FCLE+- -~LNE~O N F GEVE

OV=D~~ul TO SDRMx5LHCF/

,v=VO

RF=C EV~xCN. OME TD I/D EE

D-31 OFF



NADC-81259-60

0 [

rR!Nr 520

FORN97-( LGX.IE-IEV~rCR C,-REC-r[CN rrEMFTEDx)

C t- +44 44-++ .... + -+'-+4- 1.-4 .. .. ++ -
CLEF7CFF CHPT9EP!Srrc;S

!*RrNr 540i

640 -
FO T//CX. IL CF.OFF C~q't CrE.T[rICS-v .fl)

D-32



NADC-81259-60

4 7

GO TO 65C

IROC=101f I/SE,7

65C
.T66-3 ."HCEoc

CO.NT. ON PG 313

D-3322n



NADC-81259-60

F2f'1T-( I X 'NSPNTrpjSU3 R/C ~S ''. a :

LZTO 590

FR fRN T 550 PG)( L.O FV F[-H

FJRM9(X.t-4JRZZ0NTPL R :C.. :FR0N =m.E20.5E' CS.WX
~LI =29XE2. F. JUNVG ;7REo .. i0RR =%.:9X.E2G.5,

~ ~IUNZ FO .!.0).VE~CRLGROSS TRfUST =X.ZX.E*20.5.
~OUNS E~~l0.~'f~EZ0TRLGFOSS THRUST =xE20-5.

rouNCS rom 7t!

690
F~r -N 7 co,, C GYL DR.FV FG4

FOR !971OX.kRIOF!Z-0NTL PcCE':LERR7CON =jZ.. CGx.I.ICX.
INLIF NEUTONG a..!.LOX.IORP =A.!sX.EZO.
rNEurONS..IXPET[P GODSS THRUST =s.2X.E20.5.

64 EUTONG G.'1~~~r!~R ROSS fllRUGT =a.EZOS.
JNEUTONS

cTNr. ON PO 34

D-34 P 2o



NADC-81259-60

CRLL L~RUN -O'. L E J

C T O 7 R S

I F1% ,. ON 13

DRL''O7'*o-5o PHFCF



, AD-AI09 861 NAVAL AIR DEVELOPMENT CENTER WARMINSTER PA AIRCRAFT -ETC F/6 1/3
A SHOR T TAKEOFF PERFORMANCE COMPUTER PROGRAM(U)

NOV 81 0 a K OBUS

UNCLASSIFIED NADC-61259-6ON

INNfISllfffflllfff



L,,,,, 
IN2.

1111125 lB'

* 'MICROCOPY RESOLUTION IUSI CHART

NA lNA[ RUR [At i ilANDl Il A



NADC-81259-60

PRIT 740

740ILQ~ I PUR.L

c~~4r o~I NEXTr

D-36 TO I'

,.1.>



,qADC-81259-60

TRI-N T 7610 PHi~c7Tgr-7j

FJR.(10X.x-:NSTRNTPNE0US rNTE fOLP70. R/C 1S5 EQ..C

SE I
77C -

WRUN=SPLN-'_(1_.RUNCRrpR UN)3 ________________

KCl3=6H FEET & K(2)=5?H TOG46 t KC31=10H FOUNCG MPR 4 K(4)=24SS

CONY. N ~O 3
IF ERCDg'l-37V OFIT( -0 -



NADlC-8 1259-60

K(2)S94PS K'31=OI- !'./sEC.

f-G, TO 783-

KI13=5 FEET 4 Kt33=10H F7./6EV.

750 V___________

PRINT 75fJ..UN rrtl) KC2 ).UN.Kt33.K(4L)Q I

FOMR~IGXam9Y CU.B&IC SILZNE !NEPOPTG OFHE RBOVE DATIR POINTS
%,!.2SXa'FOR R %UN OF N,E2O -S.G aTE,5c6 vi! .X20-.91R CA.3.! BSOX

C ?'"'"''~'~"" PK aFF THfE SON C RLCULPT IONS

CUNT. ON PG 33
D-38 7 i



NADC-81259-60

k~ ~ ~ ~~ ~~~~~P2 CN(=FSN c SN(VEJ ~NLSN

50S TO=FLI~C../

F .EMKL-PSINT 4 V~S[NK=VSNK OSTN(LDS

820 1PFNE*/
RSTNP=(RSNK*PS TNKR .!LOXsE S

VSINK VSNO 340NKt0

VSI NK T. ON FOIKL~-
D539 Ae KL*STN *0



NADC-81259-60

D-40

PO-q !A



NADC-81259-60

CTRKE5

SU;B!OUTINE -IRKE5( 11 .W,)(.Y.7 .FWXYZ7,

"~OIFIED 5TREPO TO INCLUSE FOUR iNC1.7.ENCENT VRR:RE!LES- OE*K 3/7?

COMMO~!N /TS!ZE/NMPYX.T3PR( 300CC)
C0Mft3N/PFRINT/NPR [NT

1MENSION P(1OO).IU0(S).SIRIUG(3G)1? ORTR NM9X .NTBL/3GOC .0/

ITFRT NFt RINT

LX=5

I --- I

D-4 F 1OF



NADC-81259-60

ILPST=1

IR9 3G, !P.ITRBNC

IFC ITR5NC.EQ.01

GO TO It 10>D

INTBL N~~

ENIF=TDR'R(NTBL 3=ITR~N
TORrR( NTB'L43Q)LO

GO- TO 2"C

C.INT. ON PO 3

D-42 Pr. 2 3F 22



NADC-8125 9-60

<03 5 ; LYR-2NB

IGO TO 50

CZNTIN

1IRrE='EPRK=T'ORc (LYRR -

MNt!3fL,=MR'l EL.+
61RIUB(MTIDEL.)=ENIF
L ZBRP=OC0=
TZR'R=LCC-1

<030 ZRK=L.MTBL

FL5I3M=TOA7A( IR i30 I

D-43. Pr. aG 4r



NADC-812 59-60

L E BRH=L 16179

70 v

CONTINUE

00 S NEKPF=.IZ5

TDT(ERPK) ='rDP-,RFjNEXKRR

ME-RK=tErKTI I

<0C 93 NEKKP=.MT5LD

LL0C=TDRTA( EKKR-ti-3Q 1-

CON T ON f*G 5

D-44 a '



NADC-81259-60

FTDRTR NEKKPO, 3i2 =LLOC-L-'3

CC'-NT [NUJE

( TDRTR( LYRPt-29 )=L0CLE0

< 0 _____ERK -0

TORTR[CtI FLT )=C

LCMEFSK
NTBL=NT5L- 1

Ja TO 2;.C -I

CON4T. ON rD 6
PQ 5 !W 2

D-45



NADC-8 12 59-60

Cu"~~~F' NE0D~T1L. EELE U1E~

t - TO 1= > 1,7

1 NCOE=DI (j

130T O=NT

Dl= -46;£ fF~



IXADC-81259-60

ToPrF K;)=XSPVC
XSRVE=T3RTR' !+( 43Q

TOPRTP! iJ)X~V

c -- N r INJ

F

7FfNZ0NE.0

14 

0

F
IFtrg T LE .0 1

31 TO 150->

CONTr. ON r'o 5
D-47 P~r 7 IF



NA-1259-60

PRINT 170,NTBED

F3.Rj ( 35X.24HTPBLE DATAR INPUT SUMM'RFY 1XE2.!X.6H7PBLES.'/. 8
X.48H',RBLE NUMBER REFERENCE NUM5ER RRR LOCATIONI

ORM~~qT 2//35.Z!(ORP TORGE .ORTIN STORAGETBL

W":N j9S.N q14RE./3

CZ-NT. ON FO 9

D-48



NA.DC-8125 9-60

FP-RNT 2Jtr: r2i' :E

M!CI(1CX-mHF OLLWIN rRLESHqVE SEEN RE.,LF)CEUv.s5X.

c PRENT i1I(Hrm~tf.~.LOC)

C11111

UJ=0

1R:RE30T!.ETN]

ICNPt. NT.EO i

C-49 ON 1* !

SD--



NADC-81259-60

PRINT 2213

E355
SFSOR~((///I/)

Icc
I.4=LOC
1D=4H

O2 -30 TCL-l.S

100( [CL )=4H

240 
BS

[D tot

RE9O 250. !DN.(P( I.[=1 )

ZSG '
F~oR T( R,4..! .3x, *, Ti I .7F IC .0 ) 1

CONT. ON P !t

D-50 m 11CF 2



NADC-81259-60

!CC=ICC4-t

IF IC-LE51 1



NADC-812 59-60

31 TO 3S3

LCCx=LE

( L=LX

013 TO 28-

250
TOPTRZ LOC )N

L=LOC

CONTs ON~ tO i?

D-52 D



NADC-81259-60

'::F

L Y=L

(LZ=LZi.

00 TO 330

LIJ 3 C

D-53 r sM



MADC-812 59-60

INT 2SO.T0(IIT0RTSELWIf

290 1
FORM9( D)C.94, IH=.E!"!.S 5

IFR!Nr 30.0OD2.TO~-PLZI.10Dr3.TDR'R(LY)

FOI~~CIX.~. H=E1.S l< 4

CCON T ON FG !s

D-54 ~3! F 2



XADC-81259-60

fl=N

PRINT30.O4.TRR)ILLE

FfFmqr T2ox .4 ! x 17r,37

JE=JFtiNP

D-55PasO



NADC -812 59-60

J==JE

50 TO 310

330
00 34^1r~.

LOC=LOC-1

16 - - - *04

LE=Le.C

D-56 *3:.~



NADC-81259-60

TOR( LOC- 1=1R~tL
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DISTRIBUTION LIST

Airtask No. M-Z"20302

No. of Copies

NAVAIR (AIR-954) ........ .............................. 3
(2 for retention)
(I for AIR-53012B2)

NAVAIRDEVCEN, Warminster, PA ...... ................... .... 15
(2 for 60014)
(I for 605)
(I for 6051)
(1 for 6051:Herskovitz)
(6 for 6051:Kobus)
(1 for 6052:Caddy)
(1 for 6052:Cyrus)
(1 for 6053:Clark)
(1 for 6093) ADTIC...............................................12
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