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A REAL-TIME DIGITAL COMPUTERPROGRAMFORTHE

SIMULATIONOF A SINGLE-ROTORHELICOPTER

By JacobA. Houck, Lucille H. Gibson,*
and GeorgeG. Steinmetz
Langley ResearchCenter

SUMMARY

A computer program (Langley program Cl152) has been developed for the study of

a single-rotor helicopter on the Langley Research Center real-time digital simulation

system. This report includes descriptions of the helicopter equations and data, program

subroutines (including flow charts and listings), real-time simulation system routines,

and program operation. Program usage is illustrated by standard check cases and a

representative flight case.

INT RODUC T ION

In view of the expanding interest in hellcopters at the Langley Research Center, the

development of a man-in-the-loop real-time helicopter simulation was necessary. An

existing computer program for a single-rotor helicopter was modified and implemented

on the Langley Research Center real-time simulation (RTS) system. This program was

then used to gain experience in the area of nelicopter mathematical modeling (specifically

in the area of rotor mathematical modeling), and it was used to determine the impact

(computer memory and timing requirements) of such a simulation program on the comput-

ing facility at the Langley Research Center.

The objective of this paper is to present the development of the computer program

for the RTS system. Equations, aerodynamic data, flow charts, computer listings, and

operating procedures for the simulation program are given.

The simulation program, with modifications, is presently being used in support of

two piloted studies of the Sikorsky S-61 helicopter, which is a five-blade, single-rotor,

commercial passenger-type helicopter currently being used by New York Airways. One

study concerns pilot workload, route structures, and air traffic control procedures for

instrument flight in congested short-haul markets. The second study concerns develop-

ment and evaluation of various computer-generated displays and instruments for aiding

pilots during flight, especially during approach and landing.

Electronic Associates, Inc.,Hampton, Va.



SYMBOLS

Measurements, calculations, and programing were made in the U.S. Customary

Units. They are presented herein in the International System of Units (SI) with the

equivalent values in the U.S. Customary Units given parenthetically.

Most of the symbols used herein are not standard but were adapted from the

FORTRAN notation used in the computer program of reference 1.

ASPD

AOS

AOS C

A1S

A1Sc

A1Scs

ADVP 1

ADVP 2

ax,ay,a Z

B1S

B1S C

B1Scs

i
cj

t,

CD@y

CL_y

indicated airspeed, kilometers/hour (knots)

main rotor collective pitch, radians

collective pitch control input, radians

main rotor lateral cyclic pitch, radians

lateral cyclic pitch control input, radians

SAS lateral cyclic pitch control input, radians

aerodynamic variable parameter, per meter 2 (per foot 2)

aerodynamic variable parameter, per second

linear acceleration along X, Y, and Z body axis, respectively,

meters/second2 (feet/second2)

main rotor longitudinal cyclic pitch, radians

longitudinal cyclic pitch control input., radians

SAS longitudinal cyclic pitch control input, radians

SAS cbnstants used in transfer function 1, where i,j., 1,2,3

main rotor drag coefficient at

main rotor lift coefficient at

_R and Y

_R and Y



Cp

CQ

C T

CX w

CX 1

CX 2

CY F

CYTR

CYvs

CZ F

CZHs

CZ w

C/F1

C/F2

CmF 1

CmF2

CnF1

CnF 2

DpDR_y

Dw

power coefficient

torque coefficient

thrust coefficient

wing drag coefficient

fuselage drag coefficient as a function of sideslip

fuselage drag coefficient as a function of angle of attack

fuselage side-force coefficient

tail rotor side-force coefficient

vertical- stabilizer side-force coefficient

fuselage vertical-force coefficient

horizontal-stabilizer vertical-force coefficient

wing vertical-force coefficient

fuselage rolling-moment coefficient

fuselage roll- rate damping coefficient, kilogram- meters (slug- feet)

fuselage pitching-moment coefficient

fuselage pitch-rate damping coefficient, kilogram-meters (slug-feet)

fuselage yawing-moment coefficient

fuselage yaw-rate damping coefficient, kilogram-meters (slug-feet)

summing variable (main rotor blade drag), meters4/second 2 (feet4/second 2)

rotor downwash coefficient
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d X longitudinal distance from center of gravity to main rotor shaft (positive

rearward of shaft), meters (feet)

dXHs longitudinal distance from horizontal stabilizer to main rotor shaft (positive

rearward of shaft), meters (feet)

dXTR longitudinal distance from tail rotor to main rotor shaft (positive rearward

of shaft), meters (feet)

dXvs longitudinal distance from vertical stabilizer to main rotor shaft (positive

rearward of shaft), meters (feet)

dx w longitudinal distance from wing to main rotor shaft (positive rearward of

shaft), meters (feet)

d z vertical distance from center of gravity to main rotor hub (positive upward

to hub), meters (feet)

dZTR vertical distance from tail rotor to main rotor hub (positive upward to hub),

meters (feet)

dZvs vertical distance from vertical stabilizer to main rotor hub (positive upward

to hub), meters (feet)

dz w vertical distance from wing to main rotor hub (positive upward to hub),

meters (feet)

E Earth coordinate in east direction, meters (feet)

velocity component in east direction, meters/second (feet/second)

e flapping hinge offset, meters (feet)

FMRS main rotor hub moment parameter, kilogram-meters2 (slug-feet 2)

FXR main rotor force along X body axis, newtons (pounds)

FyR main rotor force along Y body axis, newtons (pounds)



GEH

GEV

GRWT

g

h

hD

IB

IHS

IR

IROT

IVS

Iw

IXX,Iyy,Iz Z

KAo'KABI'

KAB 2 'KAB3J

KD,KDL,K L

main rotor ground effect due to height

main rotor ground effect due to forward velocity

vehicle gross weight, kilograms (pounds)

acceleration due to gravity, meters/second 2 (feet/second 2)

Earth vertical coordinate, meters (feet)

velocity component in vertical direction, meters/second (feet/second)

desired velocity component in vertical direction, meters/second

(feet/second)

blade moment of inertia, kilogram-meters2 (slug-feet 2)

horizontal-stabilizer built-in incidence angle, radians

rotor moment of inertia inboard of flapping hinge, kilogram-meters2

(slug-feet 2)

main rotor moment of inertia, kilogram-meters 2 (slug-feet 2)

vertical-stabilizer built-in incidence angle, radians

wing built-in incidence angle, radians

moment of inertia about X, Y, and Z body axis, respectively,

kilogram-meters2 (slug-feet 2)

SAS constants used in transfer function 2, where i = 1,2,3 and j = 1,2,3,4

main rotor constants for flap angle calculation

area constants used to determine main rotor lift and drag forces,

meters2 (feet 2)
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KE 1

KR/F

KTR I

KTR 2

KWIw M

L A

L F

LMR

LpDR_I,y

LRH

MA

M F

MpDI_y

MRH

MTIP

m

m B

constant used in engine torque calculation, kilogram-meters2/second

(slug-feet2/second)

volume constants used to determine main rotor moment and torque,

meters3 (feet3)

rotor downwash fraction acting on fuselage and wing

ratio of elevator area to horizontal-stabilizer area

constant used in calculation of

wing downwash coefficient

YTR, newtons (pounds)

total aerodynamic roiling moment, newton-meters (pound-feet)

fuselage rolling moment, newton-meters (pound-feet)

main rotor lift force, newtons (pounds)

summing variable (main rotor blade lift), meters4/second 2 (feet4/second 2)

main rotor hub rolling moment, newton-meters (pound-feet)

total aerodynamic pitching moment, newton-meters (pound-feet)

fuselage pitching moment, newton-meters (pound-feet)

summing variable (main rotor blade flapping moment), meters5/second 2

(feet 5/second2)

main rotor hub pitching moment, newton-meters (pound-feet)

main rotor tip Mach number

vehicle mass, kilograms (slugs)

blade mass, kilograms (slugs)



N

NA

NAZ

N B

N F

NRAD

QE

QE D

Qmax

QMR

QPDI_y

q

qL

R B

r

Earth coordinate in north direction, meters (feet)

velocity component in north direction, meters/second (feet/second)

total aerodynamic yawing moment, newton-meters (pound-feet)

number of rotor azimuth stations

number of rotor blades

fuselage yawing moment, newton-meters (pound-feet)

number of blade radial stations

roll rate, radians/second

roll acceleration, radians/second2

engine torque, newton-meters (pound-feet)

desired engine torque, newton-meters (pound-feet)

maximum engine torque, newton-meters (pound-feet)

main rotor torque, newton-meters (pound-feet)

summing variable (main rotor blade torque), metersS/second 2 (feetS/second 2)

pitch rate, radians/second

pitch acceleration, radians/second 2

lateral dynamic pressure, newtons/meter2

vertical dynamic pressure, newtons/meter2

main rotor blade radius, meters (feet)

yaw rate, radians/second

(pounds/foot 2)

(pounds/foot 2)



SHp

SXF1

SXF2

Sxw

SY F

SYvs

SZ F

SZHs

SZ w

t

Up_,y

U

(1

V S

V T

VTR

V/F

fuselage lateral-force area, meters2

fuselage vertical-force area, meters2

wing longitudinal-force area, meters2

fuselage lateral-force area, meters2

yaw acceleration, radians/second 2

shaft horsepower, watts (horsepower)

(feet 2)

(feet 2)

(feet 2)

(feet 2)

vertical-stabilizer force area, meters 2 (feet 2)

fuselage vertical-force area, meters2 (feet 2)

horizontal-stabilizer force area, meters 2 (feet 2)

wing vertical-force area, meters2 (feet 2)

time, seconds

blade element velocity perpendicular to blade span axis and to UTqjy at

q_R and Y, meters/second (feet/second)

blade element velocity perpendicular to blade span axis and to rotor rotation

axis at q'R and Y, meters/second (feet/second)

linear velocity along X

linear acceleration along

body axis, meters/second (feet/second)

X body axis, meters/second 2 (feet/second 2)

speed of sound, meters/second (feet/second)

total velocity of air through main rotor, meters/second (feet/second)

tail velocity along Y body axis, meters/second (feet/second)

fuselage rolling-moment volume parameter, meters3 (feet 3)



Vm F

Vn F

V

W F

WHS

WIF

WIM

WIWM

WI,py

W

X A

XAOS

XCS

X F

XTR

X w

Y

fuselage pitching-moment volume parameter, meters 3

fuselage yawing-moment volume parameter, meters3

linear velocity along Y

linear acceleration along

(feet3)

(feet 3)

body axis, meters/second (feet/second)

Y body axis, meters/second 2 (feet/second2)

main rotor inflow distribution at any radial station

tail velocity along Z body axis, meters/second (feet/second)

main rotor inflow redistribution as a function of velocity, meters/second

(feet/second)

main rotor mean inflow velocity, meters/second (feet/second)

wing downwash velocity, meters/second (feet/second)

main rotor local inflow velocity meters/second (feet/second)

linear velocity along Z body axis, meters/second

linear acceleration along Z

total aerodynamic force along

(feet/second)

body axis, meters/second 2 (feet/second2)

X body axis, newtons (pounds)

cockpit collective stick input (positive up), centimeters (inches)

cockpit cyclic stick longitudinal input (positive forward), centimeters

fuselage aerodynamic force along X body axis, newtons (pounds)

cockpit tail rotor pedal input (positive right), centimeters (inches)

wing aerodynamic force along X body axis, newtons (pounds)

main rotor radial distance (measured from hinge), meters (feet)

(inches)
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YA

YCS

YF

YPE

YTR

YTW

YVS

ZA

ZF

ZHS

Zw

otF

artS

_W

°lOS S

ISS

d_ISS

ol,_y

_F

I0

total aerodynamic force along Y body axis, newtons (pounds)

cockpit cyclic stick lateral input (positive right), centimeters (inches)

fuselage aerodynamic force along Y body axis, newtons (pounds)

main rotor radial station plus hinge offset, meters (feet)

tail rotor force along Y body axis, newtons (pounds)

blade twist at any radial station, radians

vertical-stabilizer force along

total aerodynamic force along

Y body axis, newtons (pounds)

Z body axis, newtons (pounds)

fuselage aerodynamic force along

horizontal-stabilizer force along

wing aerodynamic force along Z

Z body axis, newtons (pounds)

Z body axis, newtons

body axis, newtons

fuselage angle of attack, radians or degrees

horizontal-stabilizer angle of attack, radians

wing angle of attack, radians

main rotor coning angle, radians

main rotor longitudinal flap angle, radians

main rotor longitudinal flap rate, radians/second

main rotor blade angle of attack at q_R and

fuselage angle of sideslip, radians or degrees

Y, radians

vertical-stabilizer angle of sideslip, radians

(pounds)

(pounds)



/31SS

 lss

At

5 E

0

0

0TR

0Tnc

0TP_s

0qjy

P

7"

4

I,q_y

main rotor lateral flap angle, radians

main rotor lateral flap rate, radians/second

main rotor total blade flap angle at

main rotor total blade flap rate at

time interval, seconds

q'R' radians

,!_R, radians/second

horizontal-stabilizer deflection angle, radians or degrees

fuselage pitch angle, radians

rate of change of pitch angle, radians/second

tail rotor pitch angle, radians

tail rotor pitch control input, radians

SAS tail rotor pitch control input, radians

main rotor blade pitch angle at

main rotor tip-speed ratio

air density, kilogram/meter3

_R and Y, radians

(slug/feet 3)

time lag, seconds

fuselage roll angle, radians

rate of change of roll angle, radians/second

main rotor blade inflow angle at qsR and Y, radians

fuselage yaw angle, radians

rate of change of yaw angle, radians/second

11



,I,R main rotor bladeazimuth angle, radtans

_2 main rotor angular velocity, radtans/second

main rotor angular acceleration, radians/second2

f_D desired main rotor angular velocity, radtans/second

Dot over symbol denotestime derivative.

PROBLEMDESCRIPTION

A description is presentedof the developmentof anall digital simulation program
for a single-rotor helicopter to be run on the Langley ResearchCenter real-time simula-

tion (RTS) system. The program was designed to represent the entire operational flight

envelope from hover through transition to forward flight.

The equations of motion for a single-rotor helicopter were developed in reference 2.

They are suitable for analog, digital, and hybrid simulation programs. The equations

include dynamic modeling of the main rotor and airframe to provide a mathematical model

which will accept control inputs and calculate the resulting vehicle dynamics and

orientation.

In reference 1, the helicopter equations of motion were applied to a specific vehicle.

The simulation consisted of an all digital airframe mathematical model programed on the

Electronic Associates, Inc. 8400 digital computer and a stability augmentation system

(SAS) programed on an analog computer. The digital programing language was

FORTRAN IV.

References 1 and 2 have been used to form the basis of the Langley helicopter sim-

ulation. A complete collection of aircraft equations is contained in appendix A. Several

modifications and updatings of the computer program have been instituted and are dis-

cussed herein. The simulation program has also been structured to run on the Langley

RTS system which is described in reference 3. Operating procedures are discussed in

appendix A of reference 4, and in the Program Organization and Program Usage sections

of this paper.

One of the major modifications to the computer program involved a change in inte-

gration formulas. Reference 1 uses an Euler formula to integrate the state and rotor

variables with a solution rate of 25 iterations per second. The Langley program uses a

second-order Adams-Bashforth predictor integration formula with a solution rate of

32 iterations per second to solve the state variables. This allows for a more accurate

12



solution and is oneof several integration formulas available through the RTS system soft-
ware. This integration of the state variables occurs only in the operate mode of the sim-
ulation. There are five sets of rotor variables which are integrated continually, regard-
less of the simulation computer mode,in order to stabilize the rotor dynamics. They
are the inflow velocity, the main rotor coningangle, the two componentsof the main rotor
flapping angle, andthe main rotor angular velocity. Thesevariables are integrated by
using an Euler formula at a solution rate of 32 iterations per second.

Other modifications involve function generationand trim condition calculation. The
function generation system usedin reference 1has beenreplaced by a techniqueusedfor
several years with the Langley RTSsystem. This techniqueallows for rapid generation
of aerodynamicfunctions usedin real-time sinmlations. The techniqueis detailed in
reference 5 and in appendixB by Lawrence E. Barker, Jr., and Kemper S. Kibler. The
function data are presented in appendix C. The trim program of reference 1 has been

replaced because of its slow convergence rate and its poor accuracy. The new trim cir-

cuit, a modified secant method, is detailed in reference 6 and has been reproduced for

convenience in appendix D by Gary A. McDaniel. It has been used in several RTS system

programs and is rapidly becoming one of the standard techniques used with this system.

The technique is extremely fast and requires only a few seconds to reach trim criteria at

speeds up to 140 knots in level flight. A forward velocity of 140 knots appears to be the

upper limit for trim convergence in level flight in this program due to the uncertainty in

the helicopter aerodynamic data. Trim conditions at higher velocities have been reached

in descents; and with an improved data package, it is felt that trim conditions at higher

forward velocities can be reached in level flight.

A stability augmentation system (SAS) has been implemented in the Langley simu-

lation. This system is not discussed except to mention that it was necessary to develop

special integration techniques due to the numerical instability of the standard RTS inte-

gration formulas when handling time constants of the magnitude involved. These convo-

lution integration techniques are derived from reference 7.

One final feature has been added to the simulation program. This feature is the

ability to conduct preprogramed flight maneuvers from the program control station (fig. 1)

and allows the analyst to run research and validation tests on the mathematical model

without having a pilot present to fly the simulation. The operating procedure for this

feature is detailed in the Program Usage section of this paper.

With minor changes to the mathematical model (data, control systems equations,

fuselage equations, etc.), the program described in this paper can be used to simulate a

variety of single-rotor helicopters. Future studies include air traffic control, control

systems, navigation systems, and pilot display systems.

13



PROGRAM ORGANIZATION

Langley program Cl152 was written in the FORTRAN IV language to be run in a

real-time mode on the CDC 6600 computer system. The program requires a field length

of 65 000 octal locations. The computing time depends primarily on the integration

scheme used. For the normally used one-pass Adams-Bashforth integration scheme,

the computing time required is approximately 11.25 milliseconds (total available is

31.25 milliseconds) per iteration.

This section contains a list of the FORTRAN variables in labeled COMMON and the

various DSPLAY arrays, a brief description of the real-time system subroutines, and

individual program subroutine descriptions with corresponding flow charts and listings.

The following diagram shows the deck configuration needed for execution:

6

7
8
9

I Function Data

Cl152 Main and

Subprograms
Block Data

7
8
9
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LabeledCOMMON

The following list containsthe FORTRANvariables appearing in labeled COMMON
anddescriptions of eachvariable:

COMMON FORTRAN
label variable Description

/CHECK/ TABLE(150) Array of floating point numbers to be displayed

and/or changed

/INTCOMM/ T

INTEG(09) Array of integer numbers to be displayed and/or

changed

Time, update in subroutine IGRATE1

DT Integration step size used in subroutine IGRATE 1

INT Flow control parameter used in subroutine

IGRATE 1

NEQ Number of integrations performed in subroutine

1GRATE 1

ISCHEME

DERINT(2,12)

Selects integration scheme in subroutine IGRATE1

Array of integrals and derivatives in subroutine

IGRATE 1

/INTINTR/ INTERN(5,12) Temporary storage for elements of subroutine

IGRATE 1

/REALTIM/ ADC(32)

DAC(64)

LDISI(108)

LDISO(196)

Array of analog-to-digital converter inputs

Array of digital-to-analog converter outputs

Array of logical discrete inputs

Array of logical discrete outputs

15



COMMON FORTRAN Description
label variable

/REALTIM/

/ACCEL/

/ADV C/

/ADV P/

NOPER

NHOLD

NRESET

NTERM

NPRINT

NREAD

AX

AY

AZ

OMEG

WIM

VT

QV

QL

ASPD

ADVP1

ADVP2

Return addresses from subroutine RTMODE

a X

ay

a Z

_2

WIM

V T

CtL

ASPD

ADVP 1

ADVP 2

16



COMMON FORTRAN Description
label variable

/ANGSAS/

/COEF/

/CONTRL/

PHIL

THETAL

PSIL

PHIDL

THETDL

PSIDL

CT

CP

CQ

MU

MTIP

VS

AOS

AIS

BIS

THTR

OMEGD

Last values of Euler angles and their derivatives,

used in SAS calculation

C T

Cp

CQ

MTIP

V S

AOS

AIS

BIS

8TR

_2D

17



COMMON FORTRAN
label variable Description

/CNTL c/

/CNTL P/

18

AOSC

AISC

BISC

THTRC

-%

AISCL

BISCL

THTRCL

AOSC0

AISC0

BISC0

THTRC0

XAOSG

YCSG

XCSG

XTRG

XAOSR

YCSR

XCSR

XTRR -_

AOSc

AIS C

BIS C

OTR C

Storage locations for last values of

and 8TR C

Control constants in AOSc, AISc,

and _TR C

Control gains

AIS C,

BIS C,

B 1SC ,



COMMON FORTRAN
label variable Description

/CNTSAS/

/CPIC/

/ENG C/

AISCS

BISCS

THTRCS

ACI

BCI

DCI

XRCM1

YRCM1

XRTM1

YRTM1

XPBM1

YPBMI

CSK4

CSK6

CSK7 j
F05(18)

QMAX

QE

SHP

A1Scs

B1Scs

OTRcs

Instrument lag parameters

Instrument constants

Qmax

QE

SHp

19



COMMON FORTRAN Description
label variable

/ENG C/

/ENG P/

/ERROR/

/EUL CS/

/FCNNAME/

20

GRWT

OMEGDT

IROT

CKE1

NERR

COSFI

SINFI

COSTH

SINTH

COSSI

SINSI

CLF1

CMF1

CNF1

CX1

CX2

CYTR

CYF

CZF

GRWT

IROT

KE 1

Error return parameter

cos(+)

sin(_)

cos(o)

sin(0)

cos(v)

sin(_)

c_,:_(_)

CmFI : f(_F)

CnF I : f(_F)

Cx2:_(_)

CY_R:_(u,V_R,_R)

cy_ --_(_)

Cz_ =_(_)



COMMON FORT RAN De s cription
label variable

/FCNNAME/

/F N M C/

/F N M P/

CXW

CZW

CYVS

CZHS

CDSIY

CLSIY

DW

GEV

GEH

XA

YA

ZA

LA

MA

NA

DX

DXHS

DXTR

DXVS

CXw = f(aw)

CZ w = f(aw)

CYvs =_(_vs)

Cz s--

Dw =f(u)

GEV = f(u)

GEH = f(h)

X A

YA

Z A

L A

MA

_A

d x

dXHs

dXTR

dXvs

21



C OMM ON FORT RAN
label variable Description

/F N M P/

/FTRMPLS/

/FUNCS/

22

DZ

DZTR

DZVS

DXW

DZW

IR

EQLMR 1

EQAOSS

EQWIM

HDOTD

F001(28)

F002(28)

F003(14)

F004(14)

F005(14)

F006(28)

F007(14)

F008(28)

F009(14)

d z

dZTR

dZvs

dxw

dz w

I R

Trim parameters

hD

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

CmF1

CX 2

CZ F

C/F1

CnF1

CX 1

CY F

Cxw

CZ w



C OMMON FORT RAN
label variable Description

/FUNCS/

/FUS C/

F010(28)

F011(35)

F013(07)

F014(07)

F015(07)

F016(35,10)

F017(35,10)

F018(7,3,4)

D001(9)-D01 i(9)

D013(9)-D015(9)

D016(18)-D017(18)

D018(27)

XF

YF

ZF

LF

MF

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

Array of data values for

CYvs

C ZH S

DW

GEV

GEH

CD_t,y

CL_py

CYTR

Arrays containing the generated function val-

ues and function parameters for F001-F011

Arrays containing the generated function values

and function parameters for F013-F015

Arrays containing the generated function values

and function parameters for F016-F017

Array containing the generated function value

and function parameters for F018

X F

YF

Z F

L F

MF

23



COMMON FORT RAN
label variable Description

/FUS C/

/FUS P/

24

NF

XW

WIWM

ZW

ALFF

BETF

ALFW

CLF2

CMF2

CNF2

CKRF

CKWIWM

IW

VLF

VMF

VNF

SXF 1

SXF2

SYF

N F

Xw

WIWM

Z w

ot F

_F

o_w

C/F2

CmF2

CnF 2

KR/F

KWIw M

Iw

V/F

Vm F

Vn F

SXF1

SXF2

SY F



COMMON FORTRAN Description
label variable

/FUS P/

/GPARAM/

SZF

SXW

SZW

DELT

SZ F

SX w

SZ w

At

RHO P

G

PIE

/LAGSTK/ NILAG

NSTIC K

Time lag input parameter

Console potentiometer input parameter

/MODEC/ MRESET Mode control reset

MHOLD Mode control hold

/MROT C/

MOPER

FXR

FYR

LMR

LRH

MRH

QMR

Mode control operate

FXR

FyR

LMR

LRH

MRH

QMR

25



C OMMON FORTRAN
label variable Description

/MROT C/

/RCOEFF/

/ROTCON/

26

AOSS

ALFSIY

UTSIY

BETSI

BDTSI

A1SS

AD1SS

B1SS

BD1SS

CKL(20)

CKD(20)

CKQ(20)

CKDL(20)

CKQL(20)

CKM(20)

Y(20)

WF(20)

YPE(20)

YTW(20)

C_OSS

_q,y

UTq, y

ISS

ISS

_ISS

/}ISS

K L

KD

ZQ

KDL

KM

Y

W F

YPE

YTW



C OMMON
label

/ROTCON/

/ROT P/

/SAS p/

FORTRAN
variable

WIF(20)

BOVN

TWIST

FMRS

CKAO

CKAB1

CKAB2

CKAB3

NRAD

NAZ

NB

RB

EFH

A1C1

A1C2

A1K1

A1K2

A1K3

A1K4

Description

WIF

Ratio of N B to

Blade twist

FMRS

KAo

KAB1

KAB 2

KAB 3

NRAD

NAZ

N B

%

e

1
C 1

1
C 2

1
K 1

NAZ

27



COMMON FORTRAN Description
label variable

/SASP/

/SCALES/

28

B1C1

BIC2

B1K1

BIK2

BIK3

B1K4

THC 1

THC2

THK1

THK2

THK3

THK4

SF1

SF2

SF3

SF4

SF5

SF6

SF7

c_

c_

K_

K_

K_

c_

c_
3

K 1

Cockpit scale factors



COMMON
label

/SCPSIR/

/SHIP P/

'STICKS/

'STINPUT/

FORTRAN
variable

SINSIR(50)

COSSIR(50)

IXX

IYY

IZZ

MASS

XAOS

YCS

XCS

XTR

DPR

RPD

X1

X2

X3

X4

T1

T2

Description

sin(_R)

cos(_R)

IXX

Iyy

IZZ

m

XAOS

YCS

XCS

XTR

Degrees per radian conversion factor

Radians per degree conversion factor

Initial input on XAO S

Initial input on YCS

Initial input on XCS

Initial input on XTR

Time at which to apply stick input

Time at which to remove stick input

29



COMMON FORTRAN
label variable Description

/TAIL C/

/TAIL P/

/TRIMAT/

30

ALFHS

BTVS

ZHS

YVS

VTR

WHS

YTR

DELE

CKTR1

CKTR2

IHS

IVS

SZHS

SYVS

XMAT(ll,12)

EMAT(12,13)

TRSUM(12)

NEQN

artS

_vs

ZHS

YVS

VTR

WHS

YTR

5E

KTR 1

WrR2

IHS

Ivs

SZHs

SYvs

An (NEQN x NEQPl) matrix of independent trim

variables

An (NEQP1 × NEQP2) matrix of functional

evaluations

An NEQP1 dimensional vector of error sums

Number of equations to be trimmed



COMMON FORT RAN
label variable Description

/TRIMAT/

/VALUES/

/xlc/

NEQP1

NEQP2

XMATG(ll)

A1CS1

AICS2

B1CS1

B1CS2

THCS1

THCS2

A1X1

A1X2

A1X3

B1X1

BIX2

B1X3

THXl

THX2

THX3

NEQN + I

NEQN + 2

Increments added to XTRIM to start the iteration

SAS value of firsttransfer functionon AlS

SAS value of second transfer function on AIS

SAS value of firsttransfer function on BIS

SAS value of second transfer function on BIS

SAS value of firsttransfer function on 0TR

SAS value of second transfer function on 0TR

Second transfer function parameters

31



COMMON FORTRAN Descriptionlabel variable

/XIC/ AX1TN

AX2TN

BX1TN

BX2TN

TX1TN

TX2TN

First transfer function parameters

DSPLAY Arrays

The real-time simulation program uses specified arrays for displaying and/or

changing the values of desired program variables. The desired program variables as

defined in these specified arrays are assigned display addresses as shown in the following

table:

DSPLAY Display Maximum number
arrays address of elements

TABLE(I) I 199

INTEG(I) I + 200 99

LOGIC(I) (not used) I + 300 99

ADC(I) I + 400 99

DAC(I) I + 500 99

LDISI(I) I + 600 99

LDISO(I) I + 700 199

This type of addressing is called "IN TABLES" addressing. For program variables

not in the DSPLAY arrays, a type of addressing called "NO TABLES" addressing is used.

The DSPLAY arrays are listed below with their associated FORTRAN variables and

descriptions. The array elements are equivalenced to the FORTRAN variables, except

where equality signs are indicated.
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TABLE is a floating point numberarray.

TABLE

TABLE
element

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

FORT RAN
variable

= A1SS

= ADISS

= B1SS

= BDISS

= BETSI

= BDTSI

=E

= EDOT

=H

= HDOT

=N

= NDOT

= OMEG

= OMEGDT

=P

= PDOT

Description

1SS

d ISS

_ISS

/}ISS

E

h

N

_2

33



TABLE FORTRAN
element variable Description

17 = PHI

18 = PHID 4,

19

20

= PSI

= PSIDT

21

22

23

=Q

= QDOT

=R

24 = RDOT i-

25 =THETA

26 = THETDT

27 =U u

28 = UDOT

29 =V v

3O = VDOT

31 =W W

32 = WDOT

33

34

35

= AOS

= AIS

= BIS

AOS

AIS

BIS

34



TABLE FORTRAN Description
element variable

36 = THTR

37 = OMEGD

38 = T

40 AOS0

41 AIS0

42 BIS0

43 THTR0

44 U0

45 V0

46 W0

47 PSI0

48 PHI0

0TR

_D

t

Initialconditions

49 THETA0

50 UKNOTS

51 HDOTD0

52 H0

53 OMEG0

54 C GO

55 GRWT0

35



TABLE FORTRAN
element variable Description

56 PO

57 Q0

58 R0

60 AISSTEP 1

61 B1SSTEP

62 THTRSTP

63 A 1SGN

Initial conditions

Control step inputs

64 B1SGN

65 THTRGN

66 AOSGN

67 PGN

68 QGN

69 RGN

70 UGN

71 VGN

72 WGN

73 HGN

74 PSIGN

Scale factors for variables on time history recorders
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TABLE FORTRAN
element variable Description

75

76

77

78

79

8O

81

82

PHIGN

THEGN

A1SSGN

B 1SSGN

ALFFGN

BETFGN

BETSGN

BDTGN

Scale factors for variables on time history recorders

83

84

85

86

87

88

89

90

91

92

DTCON

X10

X20

X30

X40

TIO

T20

SF10

SF20

SF30

Divisor on step size DT

J

Control stick inputs, initial conditions

Time at which to apply input, initial condition

Time at which to remove input, initial condition

Cockpit scale factors, initial conditions
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TABLE FORTRAN
element variable Description

93

94

95

96

125

126

127

128

129

130

131

132

133

134

135

SF40

SF 50

SF60

SF70

=CT

=CP

= CQ

= MU

= MTIP

= ASPD

= SHP

= XAOS

= YCS

= XCS

= XTR

Cockpit scale factors, initial conditions

C T

Cp

CQ

MTIP

ASPD

SHp

XAOS

YCS

XCS

XT R
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INTEG is an integer number array.

INTEG

INTEG
element

FORTRAN
variable

NSTICK0

2 NT

Description

Denotes cockpit or potentiometer inputs

Determines print interval

3 IRUN Run number

4 NILAG0

5 INTSCME

6 KNOTS

Denotes lag input

Selects integration scheme

Selects airspeed

ADC is an input array from potentiometers or cockpit inputs.

ADC

ADC FORTRAN
element variable Description

1 XAOS

2 YCS

3 XCS

4 XTR

5 YCSCOL

6 XCSCOL

7 XTRCOL

XAOS

YCS

XCS

XTR

Lateral stick trim adjustment input

Longitudinal stick trim adjustment input

Tail rotor pedal trim adjustment input
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DAC is an output array.

Elements 25 through 40 are outputs to the cockpit.

DAC FORTRAN
element variable

1 XAOS *XAOSGN

2 AOS *AOSGN

3 XCS *XCSGN

4 B1S*B1SGN

5 YCS *'YC SGN

6 AIS*A1SGN

XTR_TRGN

8 THTR_HTRGN

10

11

12

13

14

15

16

Elements 1 through 24 are for the time history recorders.

9 P*PGN

Q*QGN

R*RGN

PHI*PHIGN*DPR

THETA*THEGN_PR

PSI*PSIGN_PR

ALFF*ALFFGN*DPR

BETF*BETFGN_PR

DAC

Description

Normalized time history recordings
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DAC FORTRAN Description
element variable

17

18

19

2O

21

22

23

24

H*HGN

U*UGN

V*VGN

W*WGN

A ISS *A ISSGN

B1SS*B1SSGN

BETSI*BETSGN

BDTSI*BDTGN

Normalized time history recordings

25

26

27

28

29

30

31

32

33

34

-COS(PHI)

-SIN(PHI)

-COS(THETA)

-SIN(THETA)

-COS(PSI)

-SIN(PSI)

COS(AA4)

SIN(AA4)

-COS(AA5)

Sm(AA5)

Euler angle drivers

Altimeter drivers

Rate of climb meter drivers
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DAC FORTRAN Description
element variable

35

36

LIM (C OS(AA6),-.886, .886)

JLIM(SIN(AA6) ,- .500,. 500)

37 -COS(AAT) }
38 -SIN(AAT)

39

4O

LIM(OMEGRPM/500.,0.0,.9996)

LIM(ASPD/140.,0.0,0.9996)

Limited two minute turn drivers

Bank angle indicator drivers

Limited RPM indicator driver

Limited airspeed indicator driver

LDISI is a logical discrete input array where the descriptions are for true (.T.)

values of the switches.

LDISI
element

1-16

17

18

19

20

21

42

22

LDISI

Description

Data entry keyboard

OPER (OPERATE) mode switch, integration of equations of motion

HOLD mode switch, stops integration of equations of motion and holds all

variables at present values

RESET mode switch, initialization of variables (conditions for t = 0)

TERM (TERMINATE) mode switch, terminates control at the program

control console and transfers control to the graphic display unit

CHANGE ,node switch, allows changing of variable values

SCAN mode switch, scans through the display addresses in conjunction

with the subroutine SCANNER



LDISI
element Description

23

27

29

3O

31

32

33

37

38

41

42

43

44

45

46

47

48

55

RELEASE mode switch, releases CHANGE or SCAN mode switch

ERASE mode switch, erases real-time disk file

IDLE mode switch, uses minimum computing time

PRINT mode switch, prints output of previously stored variables

READ mode switch, selects printout storage format

RELEASE mode switch, releases ERASE, IDLE, PRINT, or READ mode
switch

Dynamic check doublet inputs on

Trim circuit switch

AIS , B1S , or 0TR

Selects second set of printout variables

Stability augmentation system (SAS) switch

Cockpit instrument test

Cockpit mode control

Cockpit tie-in

ADC inputs

AUTOTYPE, a logical variable used with the typewriter

TYPESW, a logical variable used with the typewriter

"IN TABLES" addressing

Cockpit SAS switch
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LDISOis a logical discrete outputarray. Elements 61 through 99are usedto turn
the white indicator lights onand off. Elements 101through 110are recorder eventmark-
ers. Elements 111through 118are usedto turn the red indicator lights on andoff. Only

the following elements are used.

LDISO

LDISO Description
element

Variables are trimmed61

65 SAS is activated

73 aF

74 _F

75 a w

76

77

78

79

80

81

82

83

84

out of range

out of range

out of range

artS out of range

_VS out of range

UTq, y out of range

out of range
aq, y

CYT R out of range

XAO S is trimmed

YCS is trimmed

XCS is trimmed

XTR is trimmed

102 Tinting marker on recorder no. 1
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LDISO Description
element

110 Timing marker on recorder no. 2

iii Trim unsuccessful

112 AOS out of range

113 AIS out of range

114 BIS out of range

115 _TR out of range

116 Automatic hold

117 Negative altitude

118 Engine power out of range

Real-Time System Subroutine Descriptions

The real-time system subroutines and brief descriptions of their functions are as

follows:

Subroutine Description

APRINT Provides an alternate entry point to subroutine RTMODE which returns

control to subroutine RTMODE for further processing

AREAD Provides an alternate entry point to subroutine RTMODE which returns

control to subroutine RTMODE for further processing

ATERM Does final processing and halts execution

CYCLE Sets up return address from subroutine RECYCLE

DATABLX Specifies the variable arrays for subroutine DSPLAY
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Subroutine Description

DAYTIM Provides date and time of day

HALT Signals completion of real-time portion of program

IGRATE 1

INOUT

Integrates variables in array DERINT(2,J) and stores in array

DERINT(I,J) (J = 1,2,...,NEQ)

Sets up arrays for input/output conversion

LOSTIME Sets address to which control will be returned in the case of iteration

time exceeded

NA M E C RT Identifies and initializes usage of the CRT console

NM218 Initializes usage of typewriter

PLAYBAK Plays back data recorded on real-time disk one frame at a time

PRINTER Routes MFI disk file to printer

READOUT Specifies variables to be recorded and frequency of recording for the

real-time disk file

READY Signals that the program is ready for real-time operation

RECORD Records variables as specified in subroutine READOUT

RECYCLE Signals end of a cycle in the operating loop and returns to address

specified by subroutine CYCLE

RELEASE Releases a real-time data file that has been opened by subroutine

READOUT

RT MODE Real-time mode control

RTROUTE Indicates dynamic printing will occur during the job run
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Subroutine Description

SCANNER Increments display address

SYNCH Issues a dayfile message that indicates the current instruction that was

processing when synchronization with real time was lost

TYPEVAR Types data displayed on digital decimal display unit

XDSPLAY Initializes data entry keyboard and digital decimal display unit, routes

program listing

Program Subroutine Descriptions, Flow Charts, and Listings

This section contains a brief description of the main program and each of the sub-

routines. A simplified flow chart and a FORTRAN listing are given at the end of each

description. The principal aircraft equations used in the simulation program and the

references for their sources are contained in appendix A.

HELIC

Helic is the main program from which all the subroutines are called. HELIC

contains the COMMON and EQUIVALENCE statements needed for communication with the

various subroutines and the other FORTRAN declarative statements such as DIMENSION,

REAL, and LOGICAL. The main parts of the HELIC program are the real-time system

software, the program constants, the variable initializations, the aircraft trim circuit,

and the calls to the subroutines.
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900_

90OO3

Hold
i

Reset
,i

Terminale

Common Blocks, Equivalences,

]ype Statements, Dimensions,

Assign Statements, Calls to

System Subroutines

Constants and Initial Parameters Set

___ 90003 __

I ]rim Circuit ]

Control

I Aerodynamic Variables I

I MainRotorI

I Forces and Momenls I

[ Body Derivatives I

1 Earth Movement I

1

/

Operate

IGRATE1

(I ntegralion

Packagel

,f
9000_

Print

_Read



_OGRAM HELIC (|NI:>UTe201o OUTPIJT_20I)

TYPE STATEMENTS ANO DIMENSIONED VAR|AeLES

REJ_I.. |MS, IV$, IROT* |W, |XX, IYY. IZZ. LAt LF, LWR* LRH. MAS$o

X _ll_H_ _U _ MA • HF'Q MTIPl Nt NDOTo NA, NF, N0

LOGICAL AUTOHo AUTOTyPo INT&eLS_ LDISI. LDISO, LOGIC!

X TYPESWeV&QCHNGI MRESET o MHOLO, MOC_E_

DIMENSION IVAIE_eUF(_tq LOGIC(01), TIMEr2), _ESAGE(2)o

X XTRIM(ll) , FT_IM(I1). QVEC(12)

C_ _EAL TIME CONTROL CO_Mt_ICATION

INTEGRATIO_ COMMUNICATION

CO_tt40N

X /CHECK / TAeLE(I_O)I INTEG(09)

X /INTCOSIM/ T • DT • INT • NEQ ,

X ISCHIEME. DE_INT(2•I2)

X /INT|NTR/ INTFRN(Sil2)

X /REALTIM/ ADC(321, DAC(64)• LDISI(108), LDISO(1961,

X NO_E_ • NHOLD • NII_ESET i NTEQM i

X NP_INT • NC_EAO

C OlllMf'hN

X /ACCEL/

X /AOV C /

X /AOV P /

X /ANGSAS /

X /CNTL C /

X

X /CNTL ID /

X

X /CNTSAS /

× /COEF /

X /C ONT I__/

X /CPIC /

X

X

X /ENG C /

X /ENG P /

X /EUL CS/

X /FCNNAME/

X

X

X IF N N C/

X /F N M P/

X

X /F Tf_MPI- S/

X /F'UNC S /

X

X

X

X

X

X

X /_'US C /

X

C 0MMC)N

X /F'US m /

X

X

X /GPA_AM/

X /MROT C/

X

X

X /_COEFF /

X

X /ROTCON /

X II_OT P /

X

X /LAGSTK /

X /MODEC /

× /S/IS P /

X

X

C OWM')N

X /SCALF_ S /

X

X /SCPS IR /

X /SHIP P/

X /_>T ICKS /

X /ST INPUT/

SUBROUTINE COMMUNICATION

AX

Of_EG

ADVPI

PHIL

AOSC

THTPCL

AOScO

XCS_

AISrS

CT

AOS

ACI

Y_THI

Q_AX

I_OT

NE_I_

COSFI

CLFI

CYF

CDSIY

XA

DX

DZT_

EQLNe_

• AY , AZ

• WIM , VT

, ADVP_

• THETAL• PSIL

AISC , BISC

AISC0 81SC0

×T_G XAOSR

R15CS THT_CS

CP CO

AIS •IS

BCI DCI

xPeNI yPBMI

• QE , SH_

. CKE!

• SINFI COSTH

o CMFI CNFI

• CZF CXW

• CLSIY DW

• YA 7A

• DXHS _XTR

• DZVS _XW

EQAOSS_ EQWI_

• 0V • QL • ASPO

, PH1DL , THETDL, PSIDL

, THTRC , AISCL , 8LSCL •

• THTRC0, XAOSG , YCSG •

• YCS_ • XCS_ • XTRI_

• MU • WTIP • VS

• THTR , OMEGD

• X_CMI • Y_CMI , X_TMI ,

• CSK4 , CSK6 , CSK7 •

• G_IT , O_IEGDT

F001(28)

P01i(35)

DOOI(Og)

D006(09)

OOll(Og)

DOI?(18)

XF

SINTH

CXI

CZW

GEV

LA

DXVS

DZW

HOOTO

COSSI • SINS!

CX2 • CYTR

CYVS • CZHS •

GEH

MA • NA

DZ

IR

F002(28}, FOO3(IA) F004(14), F00_(14)•

_007(14), FOOe(28) F009(14), F010(28)•

F0|3(07)• FOi4(O?) FO|5(O?Ii 00]8(_7}•

OO0_(09), O003(09) OOOA(09)• OO0_(09),

D007(09)• D008(09) _009{09), OO|O(O_),

D0|3(09), D014(09) DOIS(Og}, O016(Ie)•

F916(35,_0)• F0_7(35•|0)• PO|e(7•3•4)

• YF • ZF • LF • MF • NF

_IWM ZW • ALFF eETF , AL_W

CLF? CMF2 , CNF2 , CK_F , CKWIW_• lW ,

VLF VMF • VNF , SXFI , SXP_ • SYF

SZP SXW , SZW

DELT _HO , G • PIE

FX_ FY_ , LMR , LRH , MRH • QMW

AOSK ALFSIY, UTS1Y , BETSI , COTS| , AISS ,

CKL(20)• CKD(20), CKQ(20), CKDL(20), CKQL(20),

CKMt20)0 Y(_O) • WFI20)

YPE(20), YTW(2_),WlFI20)• BOVN

TWI_T FM_S • CKAO • CKABI , CKAB2 • CKAe3 ,

NAZ , , De * EFH

NSTICK

MHOLO ,

AIC2 , • AIK2 • AIK3 , A1_4

elE2 , • _IK_ • _IK_ , elK4

THC2 • • THK_ • THe3 , THK4

• SF4 • SF_ , S_6

NI_A_ NB

NIL_G

M_E_ET MOPfE_

AIC! AIKI

B1C1 RIKI

THC1 THKI

SFI • S_2 , SF3

S_7

IXX • IYY • IZZ

_AOc ° YCF • XC_

Xl • X2 , X3

• MASS

• XTD • DmD , DmD

• Xa , TI , T2
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X /TAIL C / ALFNS * 8TVS • ZHS • YV5 • v_r_ •

X WNS • YTR • OELE

X /TAIL P/ CKTp1 • CKTR2 , IHS * IVS • $ZHS • $V%'_

X /TRI_AT/ XMAT(II•I2)• EMATII2*I3)! T_SUM(12), N_QN•

X hl_Q_l • NEOP2 , X_ATG(tl)

X /VALUES / A1C_I , AICS2 , _1C$1 , 81C52 * THC$1 , TNCS2

X /XIC / A1X! * A1X2 * AIX3 , 8IX1 , BIX2 , BIX3 •

X THX1 • THX2 * THX3 , AXITN , AX2TN , 8XITN •

X _X2TN • TXITN * TX2TN

EQUIVALENCES

EQU|VALENCE(INTEG( II*NSTICKO), {]NTEG( 2tINT )*

X (INTEG( 3It!RUN 1, IINTEG( AItNILAG0)*

X (INTEG( 5I,INTSCME)D {INTEG( 6]•KNOTS )

EQUIvALENCE(LDISlIA61,AUTOTYPl, ILDISI(4?)•TYPESW)*

X (LOISI(Ael•INTASLS)

I),P )*

21,Q )*

3)•R )i

4)*PNI )•

5),THETA),

I 61*PSI ),

7)*U ),

8),V )•

9),W )*

*IOI,N ),

*II),E ),

,12)4H J,

EQUIVALENCE

X (_RINT(

X ({:_ERINT(

X ([_ERINT!

X (DERINTI

X (C_ERINTI

X ((_ERINT

X ([_ERINT(

X (DERINT(

X ({_ERINT(

X tOE_INT{

X (OERINT(

X ({_E_INT(

EOUIVALENCE(AOSO• TAbLE(lOll*

X (BISO, TA_LE(4_I),

X (UO • TA_LE(aAI)•

X (lO • TARLE(AG}I,

X (PHIO, TA_LEIA8)],

X (UKNOTS•TABLE(50}I•

X (HO , TA_LEI521_,

× tCG0 * TA_LE(5411,

X 1_0 , TAELE(56)},

X (P0 , TAmLEfSe)l

EQUIVALENCE(AISSTEP, TABLEI60)I,

X (THTRSTP, TABLE(62)}*

TABLEI6411*

TABLE(66}I,

TABLE(68;),

TABLE(?O)),

TA_LE(?2I),

TABLE(TAI)*

TABLE(?6)I,

TABLE(7811*

TABLF(_O I_

TABLE(82 I.

TABLE(84 }*

TABLE(86 )•

TABLE(88 I,

TABLE(90 )

TABLE(92 )•

TABLE(94))•

TABL_(96)I

X (_ISGN

X (AOSGN

X (QGN

x (UGN

X (WGN

X (PSIGN

X (THEGN

X ISISSGN

X {BETFGN

X (8DTGN

X (XlO

X IX30

X (TI0

X ($F10

X (SF30

X (EFSO

× ($F?O

(DERINT(2• I),PDOT _,

(DERINT(2, 2)_QDOT 1

(DERINT(2* 3)*RDOT 1,

(DE_INT(2• A)•PHIO I

IOERINT(2, 5I•THETOTI_

IDE_INT(2• 6I•PSIDT )•

(DE_INT(2, 7I•UOOT l•

(DERINT(2* 8)•VDOT 1•

(OERINT(2, 9)*WOOT I,

(OERINTI2QIOIoNOOT I*

(OERINTI2*III•EDOT I.

(OER1NT(2•I2I•HOOT I

(AISO • T&BLE(411I,

(THTRO • TABLE{A3)I,

(VO , TABLEI451I*

(PSIO • TABLEI4?II•

(THETAO• TABLEIigII*

(HDOTDO, TABLE(51II*

(OmEGO , TABLE(53)I•

(GPiTO i TABLEIS_)I_

(00 * TABLEIS?))•

(BISSTEP• T_BLEI6I)),

(AISGN TABLEI631),

(THT_GN TABLE(651I,

(PGN TA_LE(6?);_

(RGN TABLE(6911•

{VGN TABLE(TIll.

(HGN TABLE(?3))_

I_NIGN TA_LE(?_)I•

(AISSGN TABLE(??I}*

IALFFGN TABLE(?9))•

(_ETSGN TABLE(SI)I*

;0TCON TABLE(8311*

(X20 TABLE(85)),

(X40 TABLE(BT)I_

iT_O TABLEIBgII,

(SF20 TA_LE(9III•

(SFAO TABLE(93)I_

(SF_O TABLE(95II•

OATA MESAGE/ _HON, 3HOFF /

C

C** INITIAL SET-LI_ OF PEAL TIWE SYSTE_

C

CALL NM_1BISLTYPE_)

CAI' CYCLEIqO006S)

CALL LOSTIME(?7?7?SI

C

C*_ CALL READOUT SETS UP THE REAL TI_E RECOC_DING FILE

ASPO GRiT CG

HOOT ONEG OMEGOT

V W ALFF

VOOT tOOT BETF

O R OELE

QOOT ROOT L_R

YA ZA Q_P

_A NA FX_

THETA PSI FY_

THETDT, PSIDT QE

AISS * BISS WIN

AIS , BIS THTR

YCS • XCS XT_

NT© 3_

CALL REAOOUT(4,NT• T

CALL REAOOUT(A*NT* H

CALL _EA_OUTIA•NT, U

CALL REAOOUTIAiNT* U_OT

CALL REAOOUTIA*NT•

CALL _EADOUTiA,NT* _OT

CALL READOUTI4,NT XA

CALL REAOOUTIA_NT LA

CALL REAOOUT(4,NT PHI

CALL READOUT(A•NT PHID

CALL READOUT(AINT AOSS

CALL READOUT(A_NT AoS

CALL READOUT(4,NT XAOS
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CALL REAOOUTIatNT, N • NDOT , E • EDOT )

CALL REA_OUTIaINTt OMAX • SHP • CT • VT )

CALL READOUT(2tNTt QV , QL )

C

Ctl FORMAT NOJSUDPLIEO TO _UPERVISOR FOG P_INTING JOe CARD FROM ME FILE

C

CALL RTROUTE(MFIo900_aS)

C

C it CALL INOUT SETS UP I/0 TO REQUESTED EQUIPMENT

C

CALL ]NOUTIAOC,B, OArt48t LOISIt60* LOISO,IBOI

CALL DATABLX(TABLE•I_O, INTEG*9t LOGIC,Of, ADC,8, DAC.48.

X LDISI, _O, LDISO_ IeO)

CALL XDSPLAY(LDISI• LDISO, VARCHNG• ITYPE, IVARBUF, INTABLS)

C

Ce* ASSIGN STATEMENTS SET UP MODE CONTROL RETURNS TO PROGRAM

ASS|_N 90001 TO NOPE_

ASSIGN 90002 TO NHOLn

ASSIAN 90003 TO NRES_T

ASSIGN 90004 TO NTERM

ASSIAN 90014 TO NIPR|NT

ASSIAN 90015 TO NREA_

C

CI* LOGICa L DISC_TES SET TO FALS_

c

O0 In IND • 1,8

10 ADCIIND) - O,

DO 20 IND _ Io48

20 DACIINDI - O.

DO 30 IND = 1,60

30 LDISIIlNO}- eF,

O0 4_ IND - 1.180

ih LDIS_IINDI- ,E.

C

C et FUNCTION DATA READ IN

C

READ 98o FOOl

READ 98• FO02

READ 98t FO03

READ 98• FOOl

REAO 98, FOOS

READ 98, _006

READ 98, FO0_

REAO 98) FO08

l_aO 90) FO09

READ 9_) FOIO

R_AD 98o F011

REAO 98_ FOI3

REAO 98• FOIa

REAO 98, FOIS

REaD 98, F016

READ 981 FOI7

R_AD 98, FOIB

98 EORMaT(?FIOeO)

C

C** CONSTANTS ANO INITIAL OARAMFT_RS
C

C** INITIAL LOGICAL VaR£ABLFS
LOGIctOII = eF)

VADCI-.NG = e_e

M_ES_T • .T.

MOI_E'R - •E)

C

Ca* INITIAL INTEGER PARAMETERS

ICOUNT • I

INTSCME = 5

I_UN " I

KN_T_ • 3

KSC_ • 3_

NEO = |_

C

CII INITIA L DOUBLET INPUTS

AISSTEP " O*

BISSTE_ • O.

TMTR_TP I OI

C

CII SAS CONSTANTS

AlXl • O*

alX2 = Oe

AIX3 = O.

81XI • O)

BIX_ • O.

BIX3 - Oi

THXI • Oe

TMX_ - O.

TMX_ " Oe
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A_ITN _ 0+

AX2TN = 0.

BYlTN ¢ 0e

Ty|TN z 0o

7X_TN = 0.

C

Ce _QOG_AM_ED CONT_OL $TICw D_LECTIONS

Xl0 • 0o0

X20 • 0.0

X30 = 0.0

X40 = 0.0

TI0 = 0_0

T20 = 0.0

C

C_ _ I+C. S ON INTEGRA?ED VARIABLES

PO = O+

O0 = O.

_0 = 0.

P_IO s Oe

U0 s O+

V0 = 0+

WO • 0,

NO = 0.

E0 1 0.

H0 I 5000 !

REVT_AD = 30./_IE

OMEGO = 33.9*REVT_AO

C

CDe ICeS ON DE_IVATIVE_ IISE_ IN T_IM

POOT = 0.

0_0_ 1 01

_DOT = 0.

_HIO _ 01

TNHETnT I 0t

DSID7 = 0o

V_OT = 0.

WDOT = O.

NOOT = O.

E_OT = 0.

H_O7 = O.

C

Cee Q_CO_OE_ G&INS

AOSGN _ 1.

AISGM 1 tO.

R1SGN • 101

XAOS_N = ,0EW566666_

_CSGN = IlO

YCSGN = il0

XT_GN = _|0

PGN = _l_

PHIGN = +0_

T_GN = eO_

UGN • *003|_

HGN • eO00|

BET_N • _0_

_ISS_N 1 toe

BEVS_N = I0.

BOTGN • .333333

C

Ct EOCKPET CONSTANTS

NILAG0 = 0

NSTIrK0 = 0

TLAG = le0

AC| = 1.0 - (TLAG/HT)t(]+0 - EXp(IH?/TL=G))

8CI = (TLAG/HTI_(1,0 - (1.0 ÷ HT/TLAG}eEX_(-_?/TLAG))

_C| = EXP(-H?/TL_G)

C_Ka = DTE/_00.

CSK6 • -10_

C$K7 = 20o

Y_SMI = 0.0

X_CMI 1 0.0

Y_C_I = 0.0

X_TM 1 1 3.141_

S_0 = 8.00
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5_30 --8,00

S_40 • _.00

_0 I _!00

SW60 --5,00

S_?O = a=00

E05( II • OeO

F051 Zl = 5.2t70

F05( 3) • 10,500

_0_{ 41 - 13,73a

F05( 5I • 19.183

F05{ 8) = 33._67

_OflI 9) = 3T.3_0

FO_(IOI = 4te750

F05(III = 44.3_0

F05(12) = 61.990

_0_(13) = 77e930

F0_(14) • 83.834

FOXILY) u 106,78a

F05(16I • 116.600

F05(17I I 128,336

FO_(lel I I_8e336

C

AOSS = eOOOt

aISS = 0.

BISS • O.

BETSy • O.

CGO I 193.85

CNTERR = .01

OPR • 57.2957?g_

OTCO_J = I.

DTO = *0312_

GRWT_ = 8822e8

Mr)OTtO = O.

L_I_ I _OO.

OF = 0.

RPO I 0.0174_79

WIM • 0.

DO 7_ JIl,ll

7_ XMAT_{JI = =001

C

C*t CO_PLrTE ROTOI_ BLAD_ _A_ANETERS

C

DO _ J " I, _AO

YPEIJI = Y(J) ÷ E_H

YTW(JI " TIISTIY_E(J_/R_

WIFIJ] I 3e685ty(JI/IIO_EGO/PEVTRAOI_R_RB I

_o CONTINUE

C

CI_ COllq_UTE SINES AND COSINES AROUND AZ|MUTH

C

DO 60 J I I* NAZ

PSI_ • _e_PlEtFLOAT{J-I)/FLOAT(NAZ)

COSSI_(JI = COS(mSIR)

SINSIRIJI = SINIPSIRI

60 CONTINUE

C

BOVN = FLOATINBI/_LnAT(N6Z)

C

Cil BEGINNING OC REAL TIW_ LO0_

C

CALL REAOY

C

C*i BEGINNING OF RESET LOOm

C

gO003 CONTINUE

IF(_HOLDI GO TO 9000_

I_(_PER) GO TO 00001

c

c** SELECT INITIAL CONDITInNS

GO Th {901,90_.qO3,g_A.90_.906I. KNOTS

C

ghl CONTINUE

C _ HOVER INITIAL CONDITIONS

C

AOSO 0.27384_9

AISO = -OeO31_16394

8150 _ -0,063a0_593

THT_ • 0.1_9_38_

mHIO = -0,01_28372_

THET&O" -0e06_1521_

UKNO_S= 0,

VO O.

W0 O,

GO T_ _06

q02 CONTINUE
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C tt 33 KNOTS INITIAL CONDITIONS

C

AOSO • ,2462616

AlSO a-m024896768

BISO •-e044236309

TMT_h I eOSO90g_O_

PNlO =-e011087214

THETAOe--lOT39337_7

U_N_TSi 33e1_?1_4_

VO = OoO0

V0 =-4.1482_9

GO Tn 906

C

903 CONT/NUE

Eel 80 KNOTS INITIAL CONDITIONS

C

AOSO t ,2396e_4

AlSO "-,0166214_]

BISO =-,_11830T_6

THT_O • e0293136_

PHIO e-eOI?O?3581

THETAOm-e097307773

UKNOTS= ?geg?Bg_

VO • 0=00

WO =-13o18009

GO T_ 906

C

904 CONTTNUE

Ctt 105 KN_TS INITIAL CONDTTIONS

C

AOSO • =2_91q12

AISO =-oOle92_Iqq

8lSO = *021399861

THTR_ • e031807306

OHIO =-e026224227

THETAO=-elI_8838

UKNOTS• I05iI_0976R

VO • OeO0

WO •-20=68070

GO TO 906

C

RO_ C O_4T l NUE

C et t20 KN_TS INITIAL CONOITIONS

c

AOSO = o27_1_26

AlSO =-eO_lTl_l_3

BISO = o04_TOSg_4

THTRo • e038308344

OHIO =-,03402678q

THETAO=-oI291323

U_NOTS= 120,0

VO • 0,00

iO =-26,33423

c

Q06 CONTtNUE

UO • UKNOTSIII689

c

AOSC • AOSO

AISC • AlSO

_ISC = BISO

THTRC • THTRO

c

C ee TRIM CIRCUIT

C tt IF FUNCTION SWITCH _ 1_ ON* ITErAtE CONTROL DEFLECTIONS

C _t UNTIL _TATE VARIABLE D_RIVATIVES _E ZE_Oi

C

IF{LOISI(3?II GO TO 80

ICOUNT • I

mCOUNT • I

NTI = l

NITER • 0

LOIS_(61) = ,F,

LOISO(tll) • ,F,

GO TO tO0

80 CONTINUE

IF (_COUNT=GT,I} GO TO 100

tO00 CALL HALT

"_ISnlllI1 • ._.
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CALL SETUDA(XTRTM,T_TAODPH[O,AOSO,AISO_B|SO.THT_O,WIM_OSS,

I00_ EALL XMAT_IX(XT_I_)

C

COl _ALCUL_TE THE EMAT_IX

e

DO I010 NCOL • I,NEOD!

CALL XVAL(XT_IM.NCOLI

CALL 5ETUPA(XT_IM_THFTA_PHI,AOS,AISoBIS_THT_QWIM,AOSS,AIS S .

I _I_S oLM_ t2)

CALL T_|_DE_

CALL SETUP2(FT_IM_UDOT,VOOT,WDOT,PDOToODOTo_DOTtEOWIM,EQAOSS_

CALL EVAL(_T_IM_NCOL_

I010 CONTINUE

C

C_ FINO TME _INIMUM SU_ O_ F-MATrIX COLUMNS

SU_IN = T_SU_(II

LL • |

I_ (_UM_|NILTIT_SUMC_)) GO TO %0_0

LL • K

_UMMIN I T_SU_(KI

I020 CONTTNUE

C

C_ FINO THE MAXIMUM SUM

C

1030 SUMM_X • T_SU_(I_

_K s !

O0 1040 JI2,NEO_I

IF (_U_AXoGTIT_SUM(J)_ GO TO |04_

KK • J

1040 CONTINUE

C_I SET U_ MATRIX EQUATION - E_AT_QVEC = EMAT + I

C

EMAT(I,NEO_2) z 1,0

I0_0 E_AT(J_NEQP21 • IIo-_2)_MAT(J_LL)

C_ SOLVE _AT_IX EOUATION _0_ OVEC AND COM_UTE NEW T_I_ VECTO_

C

CALL SINEOA(EMAToNE_I_OVEC,XMAT,XT_I_)

CALL SETU_A(XT_I_THETA,_HI_AOS_AIS_BIS_THT_,WIMqAOSS,AI_$q

CALL T_IM_E_

CALL SETUP_(FT_IM,UDOT_VOOT,WDOT,_OOT_ODOT,_OOT,EOWlM,EOAOSS_

! AOISS0_OISS,EOL_)

O0 I070 J • 1,NEON

I070 SU_NEW I SUMNEW ÷ _T_I_(J_I_

IF(SLJMNEW oLTt T_TOLI GO TO 1120

WCOUNT • _COUNT ÷ !

IF(_OUNT oGTo ?_} GO TO 1135

IF (_UMNEWILTtSUM_A_ GO TO 1090

NTI s

I_ (_20GT_IoE-_) GO TO I_4_

GO Tn II_0

1090 IF (NTIJEQI2) GO TO I09_

I09_ NT! • I

C

C_I _EPLACE WORST VALUES WITH NEW _UNCTIONS AND ITERATE

T_SU_(KK) • _UMNEW

DO II00 ! • I,NEQN

X_AT(IQK_) m XT_I_(I_

II00 E_AT(I÷I,K_) • FTQIM(I_

I_ (_U_NEWQGT,SUMMIN_ GO TO 1030

LL • K_

_U_IN • SU_NEW

GO TO 1030

II_0 CONTINUE

C

C_I WHITE LIGHT I ON INOICATES VA_IAeLE_ A_E T_I_MED

C

LOISO(61_ a _Te

1130 GO TO II_0

C

C4t _E0 LIGHT ! ON 1NDICATr$ UNSUCCESSFUL T_IM

C

II)_ LDISO{]I|) • oTi

GO TO 1180

1140 CONTINUE
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C2 - *0!

NT| i 1

CALL XVAL(XT_IMoLL)

NITE_ t NITER + |

IF (NITE_oLEe2) GO TO IO0_

LDrS_(_I1) - _To

1160 CONTINUE

CALL SETUOA(XT_IM_THFTAO_DHIO_AOSO,AISO,B1SO,THT_O,W]M,AOSS,A1SS_

1 B1SS ,LM_ .2)

C

WO - W

OELT - DT

CALL _EAOY

C

100 CONTtNUE

XAOST = (AOSO ID_ - AOSCO )/XAOS_

XCST 3 (BI$O tD_ - BISCO )/XCSG

YCST 2 (ALSO tDP_ - AI_CO )/YC%_

XT_T w (THT_O_O_ - THT_CO)/XT_G

C

C

C_! I_ FUNCTION SWITCH 13 IS ON ACCEPT

C_t CONTQOL STICK INPUTS _OM COCKPIT

C

IF(LOISI(4_)) GO TO 110

AOSC _ AOSO

AISC - AlSO

_ISC f _ISO

THTPC _ THT_O

11_ CONT|NUE

AOS w AO_C

AIS - AI_C

THT_ • THT_C

c

com

AUTOM I eFe

|NT • 0

ISCHFNES: lu2NO I_1(, _4TH _K. 3aZNO AMt

ISCHfME • INTSCME

IF(INTSCMEIEQ_) I_CHEM_ = 3

CG - CG0

DT • DT0/DTCON

DELT _ _T

DX t (CG - _OOe)/12o

G_iT • G_tT0

HDOT_ " H_OT_O/_O t

MASS s G_IT/G

OMEGn • OMEG0/_EVT_AO

OMEG " OMEGO

T • 0.

VS - 1100,

_ _0

O - OO

THET_ _ THET&0

U - U0

V - VO

W - wO

N - NO

E - E0

H • NO

NILA_ _ NILAG0

NSTIcK _ NSTICK0

XI • XIO

X_ z X_O

X3 - X30

X4 • X40

TI _ TIO

T2 - T_O

SF1 - S_10

S_2 - S_20

S_3 • _F30

SW4 _ SF40

5F_ • S_O

4_4TH AM* _ _ 1ST A_
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$F6 • SF60

SET • SF?O

C

AI$CL • A|SC

8|SCL • e|SC

THTPCL • THTRC

PHIL • _HI

THIETAL - THETA

PSIL - mS1

PHI DL - 0,0

THET_L - 0,0

PSIDL • 0,0

C

CI t BEGIN#WING O_ OPERATE LP_P

90006 CONTINUE

90002 CONTINUE

90008 CONTINUE

C

C il rF FUNCTION SWITCH | I_ ON APPLY

Ct t DOUBLET INPUT TO SELECTED CONTROL

C

IF(elMOTeLDISI(33)) GO TO 500

I_((TeGTII*IoAND*ITeLTJ2eII GO TO _01

IFIITeGTI2eIoANDoITILTo3ol] GO TO _02

AISc • AlSO

B1SC - BISO

THTR_ g THTRO

GO TO _00

501 CONTINUE

AISC • AlSO - AISSTEP

_ISC - BtSO - BISS_EP

THTR_ • THTRO - THTR_TP

GO TO 500

_02 CONTINUE

A1SC _ AlSO + AISSTEP

BISC - _ISO + _ISST_P

THT_ • THTRO _ THT_¢TD

50_ CONTINUE

C

C te CALCULATE CONTROLS FROM COCKPIT INPUTS

C

IF(eNOTILDISI(AS)) GO TO 140

IFIINTeLEell CALL ADCIN

LDISn(81I _ .F.

LDISOI82) _ .F.

LOISh(83) " .F.

C

Ell IF COCKPIT IS ACTIVATEDo FUNCTION SWITCH 13 IS ON -

Cit COMPARE CONTROL STICK POSITIONS WITH TRIM POSITIONS

Ctt AND TUI_N ON WHITE LIGHTS 21_22_23.24 WHEN T_IMMED

C

IF(A_S(XAOS-XAOST)ILFeXAOS_CNTERR) LOISO(B|)=IT.

IF(ABS(YCS -YCST )ILWi YCS_CNTERR) LOISO(8_I=eTe

IE(ABS(XCS -XCST ).L_o XCS_CNTER_) LDISO(83)3eTe

IF{&_S(XTR mXTRT )_L_ XTRtCNTERR) LOISO(B_I=_T_

GO TO 150

C

140 C O_ITINUE

XAOS = (_OSC*_R -- _SCOI/XAOSG

XCS • (B1SCtDPR - 815CO)/XCSG

YES • (_ISCtOPR - A1SCO)/YCSG

XTR • (THTRC_D_R - THTRCO)/XTRG

I_0 CONTINUE

C

Cit IF FUNCTION SWITCH II 15 ON* SEND MODE CONTROL TO COCKPIT

C

IF()NOT_LDISI(43I)GO TO 151

IF(INT)LEel) CALL _PMODE

GO T_ 152

151 CONTINUE

MRES=T_LDISI(I_)

MHOL_ •LDISI(I8)

MO_E_ -LOISI(I?)

|_ CONTINUE

C

C

Ell IF FUNCTION SWITCH g l_ ON_ SAS SYSTEM lS

Eli ACTIVATED AND WHITE LIGHT _ IS ON

C

J_ES = 2

IF(LDISI(II)$OR_(LOI_(AA)_ANDoLDISI(_5)I)

IF(INT*LEll} CALL _S

I_(LDISlIA1)*ORi(LOIKI(A_)_AND*LDISl(55))|

IF(LOISI¢AIIIO_,(LDI¢I(A_).AND.L_ISI¢_)I)

AISC_ = O_

_ISC¢ • 0.

JMES = I

LDISO(6_I _ ,T_

59



THT_cS • Ot

]FCof_OT* LD|SI|37}) GO TO 1_0

AOBC - AOSO

A1SC • &1SO

Bt5C • B1$0

THT_ • THT_O

t60 AOS • AOSC

A1$ • A1$C + AL_CS

B1S • BISC + _t$C$

THT_ • THT_C + TH_CS

PHIL • PHI

TH_TAL • TH_TA

DS|L • _S!

DHIDL • PHID

Tt'_TDL • THETDT

_SIDL • DSIDT

AISCL - AISC

_ISCL u _15C

THT_L • THTQC

C

C_ RED L|_HT_ 2o3q4t O_ _ ON _ESDECT|V_LY

C_ ]NO|CATES AOSt A1S, R1¢, O_ THT_ IS

C_ _EYOND $_T LIMIT_

C

LDISO(I|2) • oFo

LDISO(II3) • .Wo

LDTSO(II_ m iFo

LDI$O(II_t • °_o

|_(AO$ ILTo et39610RIAOS oGT_o3490_ LDISO{IL21 • oT_

|_(A15 _LTo-o174_eO_oAl$ oGTo_12_2_ LDrSO_]L3_ = IT.

IF(BLS _LT_-o2_O_oO_8|S oGT,o2410_ LD_SO(]|4_ • ,T,

|_(THT_LTo-ot22_oO_THT_oGT_o4_L_I LDISO(LI_ _ oT_

C

C_ CALL SuB_OUTTN_S

C

CALL A_OVA_

CALL FU_

CALL T_IL

CALL MAI_'_OT

CALL ENGIN_

CALL _ _ND

CALL _O_Y_

CALL _A_TH M

I_(|NToLEo] _ CALL _ACOU*r

_DISO(II6t • eF,

LD[S_qII_} I oFo

]F(AuTOH) GO TO ]_

IF(1NToGTol) 9000_180

I_ CONTTNU_

C

C _ _ED LIGHT 6 ON _ND[CAT_S _H! O_ T_TA HAS _ECOME _00 LA_E

C_ _E_ LIGHT _ O_ TNDICAT_S NEG_TTV_ ALTITUDE

C

_fN_EQ_t) L_S@_I_) • .To

|F(HeL_IOoO0) LDTSO(_ITt • .To

LS_ CONTINU_

C

C _ _CALIN_ O_ _EAL TINE OuTPuT

C

OAC( _ • XAOS_XAOSG_

_AC( 3_ • XCS_xCSGN

_AC( _ • _IS_BI_GN

_AC_ _) R AIS_AL_

OAC_ ?_ _ XTRP_XT_GN

_AC( _) • THT_THT_GN

DAC( 9) m _PGN

OAC(10 ) • Q_QGN

0_C_169 t 8_T_TFGN_OP_

_AC(I_ t H_HGN

D&C(181 i U_UGN

D&C(tg_ i V_VGN

_AC(_I_ m AISS_AISSG_

_AC(_2_ z B1SS_B_S_GN

DAC{_3t I _ETST_ETS_N

C

C_ _AL T_ DT_LAY

C
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TABL_(2 I = AOISS

TABLe(3 )= _]SS

TABLe(4 )= BOIS$

TJSLr(_ )= BETSI

TABLe(8 I= 8OTSI

TABLF(T 1= E

TABLe(8 )= EDOT

TABL_I9 I= H

TABL_(]0I= HOOT

TABLe(Ill= N

TABLe(12)= NOOT

TABL_(I3I= OMFG

TABLE(14]= OMEGOT

TABLR(16)* POOT

TAeLF(33)=AOS

TABL_(35]mBIS

TABL_(37I=OMEGO

TABL_(12_)=CT

TABL_(127)=CO

TABL_(129)=MTIP

TABLF(]3I)=SHP

TABL_(133)=YCS

TABL_(I3_I=XTR

IFIL_IS]I22I) CALL _CANNERIKSCANI

CALL DSPLAV

I_(LnIS](]7)) GO T_ 200

|F(V6RCHNG) CALL TY_VAR

IF(ENABLE*AND*TYDESWl CALL TYPEVAR

$TASLE(18)=DHI_

STASLE(Ig)=_SI

$TASLE(_O)=_SIDT

STABLE(21)=Q

$TA_LE(22)=ODOT

STABLE(23)=R

STABLE(24)=RDOT

STABLE(2_)=THETA

STABLE(26)=THETDT

$TASLE(27)=U

STABLE(28)=UOOT

STABLE(29)=V

STASLE(30)=VOOT

$TABLE(31)=W

STABLE(32)=WOOT

STABLE(34)=AIS

STABLE(36)=THTR

STABLE(38)=T

STABLE(]26)=C_

$TASLE(I28)=MU

$TASLE(I30)=AS_D

$TABLE(132)=XAOS

STABLE(134)=XC5

9q050 CONTINUE

ENABLE • *NOTITYPESt

IF(AuTOTYP*AND,LOISII14I)

200 CONTINUE

CALL RTMODE

9_00l CONTINUE

C

tt _ECO_ ON R_AL TI_E _|LE

C

CALL RECO_O

C

C

IFIAuTON) CALL _ECYCLE

C

CALL TYPEVAR

Ctt TIC WAQKS REC_DEO ON CHART OU_I_ EACH SEC C_D OF OPERATI_

C

LOIS_¢IO_I=*F_

LOIS_IIIOI=*F*

]_(_00(T_IIIINE*O_) GO TO 230

LDTS_(102I=*T*

LOIS_IIIO)ItTI

_3_ CONTINUE

C

90005 CALL IGRATEI

C

C tt IF INTSCNE • _ • USE A_ANS-BASHFORTH INTEGRATI_

IF(INTSC_EeEQ*_I INT z 1

IF(HILE*O*OO0) AUTOH • *T*

PSI = A_OOIPSI•_*_8318)

Ctl INTEGRATION FLOW CONT_I'N_

C

IF(INTeLE*I) CALL _E_YCLE

GO TO 90008

C

q0014 CONTINUE

I_IT_(_FI*_40) IRUN

IFII_RINTeGT*I) GO TO 280

CALL OAYTIM(TIME)

_RITFIMFI_O) IRL_ITI_EI|)_TI_E(_

W_IT_{_El*2_l _ESAGriJ_ES)

I_INT =

_60 IRUN • IRUN + I

C

g00]0 CALL PLAYBAKIgOO3ZSl

W_ITrI_FI*300)

X T AS_O • GRWT • CG •

H HOOT • OMEG •OWEGOT•

X U V • • ALFE

X UOOT VOOT * WDOT 8ETF

X _ O • R _ELE

X POOT QOOT • _OOT L_R

X XA YA • ZA _

X LA _A * NA FXR

X ¢)N! TI'I_TA• PSI _YR

X PHIO _T_TOT! PSIOT_ OE

X AO¢S • AISS • _ISS • iI_

X AO_ • AIS * BIS • THTR
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C

Ct* FUNCTION SWITCH 6 ON SELECTS ALTERNATE P_|NTEO OUTPUT

C

IE(L_ISI(_81) GO T_ g00_9

wRIT¢(NFI•30|)

X XA_S , YC_ , XCS • XT_ ,

X N • f_OT • E * ED0 T ,

X _MAX • SH_ • CT • VT

X OV OL

GO TO 90030

C

QO02g CONTTNUE

W_ITrIMFI•302)

X XF i YF • ZF • VTR •

X LF • _F • NF • YT_ •

X WH_ YVS ZHS IIiM

X XW _ 7W

GO T_ 90030

Qn0_ CONTINUE

C

C_t _OQMAT STATEMENTS

C

240 EOI_AT(I_XI6I

250 F O_MAT(4XBHRLI_ NO z I6•BX12HTHE DATE IS AI0iBXI2H THE TIME IS A10/

1)

25_ FORMaT(AX?HSAS IS AI_/}

300 FORM_T(IH210X1HTqE2C,B•BXAHASPD•E20mB.BXAHG_WT•E20_B•IOX2HCG•E20•B

X/ IIXIHH,E2OeB•BXAHHDOT•E20,B•BXAHOMEG•E2OaB_6X_HOMEGDT,E2OoB/

X IIX[HU,E20eBiIIXIHVIE201B_1IX1HW•E_0$BIBXAHALFF_E_0_B/

X 8XAHUOOT•E20_B•_XAHV_OT,E_0_•BXAHWOOT_E_0_R,_XAH_ETE_E20_B/

X IIXIHP.E20,e•II_IHO,E_._•IIXIHR•E2OeB_XAHDELE_EZO_/

X 8X_HPDOT•E_0_e•_XAHOOOT•E_._•_X_H_DOT•E_0e_•gX3HI-_• E2018/

X I_X_HLA,E20._tlO_H_A•E2Oo_•IOX_HNA•E2OIB•9X3HEXR•E_O,_/

X 9_3_PHI,E_0_BI?XSHTHETA•E_0oB,gX3H_SI•E_0_B_gx3H_'YR•E_0_8/

X 8_4HPHIO•E_0.Bi_X_H_ET_T.E_0._,7X_HP_I_T_E_0_B•IOX_HOEIE_0_8/

X 8_4HAOS_•E_IB_RXAHA|S_E_0_8,_XAHBISS•E_0eBegX3HW1M•E_0_/

9x3HAOS•E_0_B•gX3HA!_•_20_•gX3HBIS,E20_8*BXAHTHT_•E_0_)

X T_AHX_OS•E2C_•9X_YCS,E2_,_gX3HXCS•E20eB•9X3HXT_,E20,8/

X IIX1HN_E_0_8•BX_H_DOT•E_0_•IIXIHE,E_0_B_BXAHEOOT•E_0_e/

X 8x_HOMAXiE_0_B•gX3HSHPIE20_8,10X_HCT•E_0e_•|0X_HVT•E_0_B/

]_? FORMAT!|H_

X 0gX2HXF,E20_B•IOX_HYF_E20_8•LOX2HZE•E20,B•9X3HVTR,E_0_8/

X I_X2HLF•E20e8,IOX_H_I_E20_ B_10X_HN_r•E20_8_gX3HYT_E20$8/

X _X3HWHS_E20_B•_X3HYVS•E_0.8•gX3HZHS•E_0_8_BXAHeI_•E20$8/

X I_X2_XW,E20.B•IOX?HZW,_20o_//)

C

CALL APRINT

C

_Ol_ CONTINUE

CALL RELEASE

CALL REAOOUT!A•NT•

CALL _EADOUT(4_NT•

CALL _EADOUT(A•NT•

CALL _EADOUTfAINT•

CALL READOUT{A,NT.

CALL READOUT(A,NT,

CALL READOUT(A,NT•

CALL READOUT(A,NT,

CALL READOUT(4,NT.

CALL READOU_(A,NT_

CALL PEADOUT(_•NT.

CALL READOUT(4•NT,

C

I_(LnISl(38)! GO

CALL READOUTIA•NT,

CALL READOUT(A,NT,

CALL READOUT(lINT,

CALL READOUT(2,NT,

GO T_ g00I?

C

90016 CONTINUE

CALL _EAOOUT(4•NT•

CALL _EAOOUT(4_NTt

CALL REA00UT(A•NT,

CALL _EAOOUT!_•NT,

g_0|? CONT_NUE

CALL A_EA0

C

90004 CONTINUE

CALL ATE_

• 777_ CALL SYNCH

CALL _TMODE

T ASPD GRiT

H HDOT OMEG

U V W

U_OT VOOT WOOT

P Q

P_OT QDOT _OOT

XA YA ZA

LA _A NA

PHi THETA PSI

PHID THETDT_ _S|DT

AOSS AISS , _ISS

AOS A|S • BIS

CG

0MEGOT

ALFF

BETF

OELE

L_R

Q_R

FXR

FYR

OE

¥1M

THT_

TO 900_

XAOS • YCS , XCS , XTR )

N , NDOT • E , EOOT )

O_AX , SHP • CT , VT }

OV • QL )

XF _ YF • ZF • VT_ )

LE . _F • NF • YTR )

WHS YVS t ZHS _ WIWM )

XW _ ZW )

_003A FO_AT(55H JOB•A3•28800•6_000e Clt52• 13912• LUCI GIBSON•

C

ENO

RM2131 )
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ADCIN

Subroutine ADCIN contains the equations for the helicopter collective and cyclic

stick inputs and the tail rotor pedal inputs (ref. 1 and appendix A). The subroutine allows

two modes of operation. Primary control is from the control sticks and pedals in the

cockpit, and alternate control is from the program control station (fig. l(a)) through the

use of potentiometers (located on the program control console (fig. l(b)) representing the

control sticks and pedals. The alternate mode of operation allows the analyst to conduct

preselected flight operations to be used, for example, for comparison with actual flight

data.

Compute Deflected Stick
Positions Through
Potentiometer Inputs

Yes

L Compute Deflected Stick
-_ Positions Through

Cockpit Inputs

Compute Controls I
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%UH_OUTINE ADCIN

_;AL LIM

LO.SICAL LDISI

COMMON

X

X

x

×

COMMON

X

X

X

X

X

X

X

×

X

P_O'_AM P_OVIDES ADC [NDIITS TH_ i_I/:r-4

POTENTIOMETK_S O_ COCKPIT

T'Y'PE STATEMENTS AND_ DI_ENt [C,N; ;. ._AI._IiA!L! ",

INTEG_ATION COMMUNICATION

/INTCQMM/ T i DT • INT , NEQ

[ SCHL'VIE _ L)ENINT(2, 12}

/I_EALTIM/ ADC(_'), [_&C(64), LDI_)I(IC_,), L!/I.%0(I:_Fq),

N0PE-L_ ' , NH_t_t; , N_I-%ET , NTL:_ _

NPk_ I N I , N_bAU

',_ ,l_t_OU T 1 NO_ C©MMUNICAT ION

/CNTL C I AO!iIC , _-1%C * B I SC

THTDCL

ICNfL P / AO_C0 , hl '_C0 • _ISCr!

/L,_C, SIK, / NIL,'_U , N_TICK

/SCALLS / '.:F I , q, F2 , _,FJ

_F7

/-%_ ICKb / X*_O_- , YC!, , ×Cb

ISTINP'JT/ ×I • X2 • X3 • ×_ , T I • T, _

LI$c(X,A,I_) : A',IINI(;R.AMA,'YI(X,AI)

IF(LDISI(44)) 6._ TO trq )

IF(NqTICK,NF,I ) GO T, _' l_q

IF(T,LT,TI ) (_0 Tn 1 _

IF(T,GT,TP) 5 _ TO I _'r"

×11 = ×1

×2P = )<2

x32 = X3

)(44 = x_

GQ TO 1Ol

10'q CONTIN,_F

×IT = _,

X27 - 0.

X33 = 0.

C

C !_TICm OEFLFCT ION_ l_qC)_G_ P: li N 1 _(T,'-'iTr_,_,

101 CONTINUF

XAO_ = _DC(I)*X_0:P + Xll

XC5 = ADC(3)I×CS_ + X33

GO TO 103

r

C CDCKPIT 5TIC< F)EFLFFTI,DNS

102 CONTINUE

XAOSCOL = LI_(SFI*A{)C(1) , 0.O, 13.3 )

XCSCOL = LIM(SF3wADC(_) + SF6*ADC(6)• -4.8, 4*6

YCSCOL = LI_(SF2*ADC(2} + %FS*_DC(%)_ -_°_o a°_ }

XT_COL = LIM(SFA*A[_C(q) + SCT*ADCIV), -3°9, JeC )

XAO£ = XAObCOL

XCS = XCRCOL + A,8

YCS = YCSCOL + 4,8

103 CONTINUE

AOSC = (_OSCC + ×AOSG*X_OF,)*_PD

AISC = (AISCO + _CSC *YCS }*RPD

81SC (B1SCO + XC_G wXCC )*_PO

THT_C = (THT_C0+ XTDG *xT_ )*_PD

C

_ETLI_N

EN_
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AEROVAR

Subroutine AEROVAR computes the main rotor inflow velocity, the lateral and ver-

tical dynamic pressures, and the fuselage airspeed (refs. 1 and 2 and appendix A).

(AEROVAR)

Compute Sines and I
Cosines of Euler Angles I

Yes _[

No

Compute Z-axis
Body Velocity

Compute Airspeed, Total Velocity Through
Main Rotor, Mean Inflow Velocity, and
Lateral and Vertical Dynamic Pressures
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SUBROUTINE AER0VAR

PROGRAM COMPUTES ROTOR INFLOW VELOCITY,

FUSELAGE AI_SmEEO. AND DYNAMIC DRFmSURES

TYPE STATEMENTS AND DIMENSIONED vSPlABLFS

REAL LMR

LOGICAL LDISI

INTEGRATION COMMUNICATION

COMMON

X

X

×

X

×

/INTCOMM/ T * DT , INT • NEO ,

ISCHEME• DFRINT(2,]2)

/REALTIM/ ADC(32)• 0AC(64), LDISI (108), LOISOt]Q_) .

N0PER • NHOLD , NRESET , NTERM •

NPRINT , NREAD

SUBROUTINE COMMUNICATION

COMMON

X /ADV C / OMEG

X /ADV P / ADVPl

X /EUL CS/ COSFI

X /FTRMPLS/ EOLMR

X /GPA_AM/ PELT

X /MROT C/ FXR

X AOSS

X ADISS

, WIM , VT , OV , QL • ASPD

• ADVP2

, SINFI , COSTH , SINTH , C0_SI , £1NSI

• EQAOSS, EQWIM • HDOTD

, RHO , G , PIE

, FYq , LMR , LRH , MRH • QMR

, ALFSIY• UTSIv , 5ETSI • BDTSI , AISS

• BISS • @DISS

EOuIvALENCES

EQUIVALENCE

X (OE_INT(

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT(

• 4),PHI ),

, 5),THETA},

, 6),PSI ),

• ?),U ),

• 8),V ),

• 9),_! )

COMPUTE SINES AND COSINES OF FULFR ANGLES

COSFI = COS(PHI)

SINFI = SIN(PHI }

COSTH = COS(THETA)

SINTH = SIN(THETA)

COSSI = COS(PSI)

SINS} = SIN(PSI)

C

C COMPUTE LINEAR VELOCITY ALONG Z-AXIS

C AND NET AIR VELOCITY PAST H_!8

C

IF(,NOT. LDISI(3?)) GO TO I00

W = (UISINTH - V*SINFIICOSTH - HDOTD)/(COSTHICOS_I)

100 CONTINUE

WM = W - WIM

C

C COMPUTE AIRSPEED, TOTAL VELOCITY THROUGH

C MAIN ROTOR,AND M_AN INFLOW VELOCITY

C

ASPD = SORT(U*U ÷ V*V + W'W}/ 1,689

VT = SQRT(U_U + V_V + WM_WM)

IF( VToLE,O= ) VT = aO000!

WIMP = AOV_I_L.MR/RHO/VT

|F(INT,LE,]) WlM = AOV_2*(WIMP - WIM)*DELT + WIM

C

C LATERAL AND VERTICAL DYNAMIC PRESSURES

C

QL = O,5*RHO_(U*U + V_V)

QV = O,5_RHO_(U_U + WM_WM)

C

RETURN

END
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BODYDER

Subroutine BODYDER contains the equations necessary to compute the total body

angular and linear accelerations (refs. 1 and 2 and appendix A). The program also con-

tains a safety feature to prevent program abortion if 4, or _ becomes too large.

BODYDER)

compute Roll, Pitch,
and Yaw Accelerations

Compute Euler Angle
Derivatives and Body
Velocity Derivatives

RETURN)

Yes
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C

C

C

C

C

C

C

C

C

C

SUBROUTINE BOOYDCR

PROGRAM COMPUTES BODY MOTION ANGULAR

AND LINEAR ACCELERATIONS AND VELOCITIES

TYPE STATEMENTS AND DIMENSIONED VARIABLES

REAL LA_ MAo NA_ IXXi IYY• IZZo MASS

COMM('gN

X

X

INTEGRATION COMMUNICATION

/INTCOMM/ T • DT • INT

[SCHEME* DERINT(2,12)

, NEQ

SUBROUTINE COMMUNICATION

CO_e_nN

X /ERQOR / NER_

X /EUL CS/ COS_I • SINFI • COSTH

X /F N M C/ XA • YA • ZA

X /GPARAM/ DELT , RHO • G

X /SHIP P/ IXX _ IYY • IZZ

EQUIVALENCE

X (DERINT(

X (DERINT{

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT(

X (DERINT{

mOOT

_DOT

ROOT

EQUIVALENCES

, SINTH • COSSI , SINSI

• LA , MA , NA

• PlE

• MASS

• I),P )•

• 2),0 •

• 3)•R •

• 41,PHI ,

• 5),THETA o

• 6),PSI •

• ?I,U

• 8),V •

• 9)•W •

(DERINT(2, I ),POOT

(DERINT(2• 2),QDOT

(DERINT{2• 3_•RDOT

(DERINT(2, 4 ePHID

{DERINT(2, _ ,THETDT'

(DERINT(2, 6 9PSIOT

(DERINT(2, ? 9UDOT

(DE_INT(21 B ,VDOT

(DE_INT(2e 9 ,WDOT

comPUTE ROLL, PITCH, AND YAW ACCELERATIONS

• (LA ÷ (IYY-IZZ)Oi_R)/IXX

- (MA + (IZZ-IxX)IRlP)/IYY

- (NA + (IWX-IYY)_P_QI/IZZ

IF PHi OR THETA GETS TOO LARGE PROGRAM

mUT INTO AUTOMATIC HOLD TO I=_EVENT ABORTION

WITH A MODE A

IF(A_S(THETA),GTeIoSeORoABS(PHI)eGToloS) GO TO I0

COMPUTE EULER ANGLE DERIVATIVES

PSIDT = {RICOSFI + Q#SINFI)/COSTH

THEToT= QeCOSFI - R_SINEI

PHID = P + PSIDT_SINTH

COMPUTE BODY VELOCITY DERIVATIVES

UDOT • XA/MASS + RIV - OtW - GISINTH

VDOT • YA/MASS + P_W - R_U + GeCOSTH_STNFI

WDOT • ZA/MASS + Q_U - P_V + G_COSTH_COSFI

RE TUR_

|0 CONTINUE

NERI_ • t

RETUR_

END
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C PMODE

Subroutine C PMODE contains the logic statements necessary to allow mode control

of the computer program from the cockpit by the pilot.

CPMODE

!

LDISI(49) Yes RESETmode I
or MRESET selected I

LDISI(50) Yes _] HOLD mode

or MHOLD _[ selected

_0

Yes
OPERATEmodeselected

C RETURN)
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C

C

C

C

C

SUBROUTIN_ CPMODE

PROGRAM PROVIDES MODE CONTROL TO COCKPIT

TYPE STATEMENTS AND DIMENSIONED VARIABLES

LOGICAL LDISI, MRE_ET, MHOLD, MODER

INTEGRATION COMMU_ICATION

COMMON

X

X

X

/REALTIM/ ADC(32), DAC(64), LDISI (I08)• LDISO(I98),

NOPER • NHOLD , NRESET • NTERM ,

NPRINT • NREAD

SUBROUTINE COMMUNICATION

COMMON

X /MODEC / M_E_ET , MHOLD , MOPER

IF(LnISI (49)) GO TO 100

IF(L_ISI(50)) GO T_ 200

IF(LnISI(51 )) GO Th 300

1F(M_ESET) GO TO I_0

IE(MHOLD) GO TO 2_0

I_(MoPER) G0 TO 3n0

GO T_ 400

100 M_ES_T = eTo

MOPED = oFo

MHOLO = e_e

LDISI (I9) = *To

LDISI(]7) = ,F,

LDISI(I8) = ,_,

GO TO 400

RE_T MODE

200 MHOLn = ,T,

MOPE: : ,F,

LDISI (18) : ,T,

LDI_I(17) : ,F,

LDISI(19) : ,_,

C_O Tr_ 4O0

HOLD MODE

300 MOPE_ = ,To

MHOL_ = ,Fo

MRES_T = ,Fo

LDISI (17) = ,To

LDISI(18) = ,_,

LDISI(19) = ,F,

OPERATE MODE

4C_0 CONTINUE
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DAC OUT

Subroutine DACOUT contains the equations and logic necessary to drive the cockpit

instrumentation. The following instruments are included:

(1) attitude direction indicator

(2) altimeter

(3) rate of climb indicator

(4) two minute turn indicator

(5) bank angle indicator

(6) main rotor RPM indicator

(7) airspeed indicator

DACOUT)

No

Yes

•..._I Static Check Voltages 1w [ on Instruments

Drive Attitude Direction, Altimeter,
Rate of Climb, Two Minute ]urn,
Bank Angle, Main Rotor RPM,
and Airspeed Indicators
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100

2O0

201

202

SUB#OUTINE OACOUT

_OG_AM PQ_vIDE£ DACS NEEDFD T_

DRIVE COCK_IT [NGT_LJM;NT_

TYPK STATff_NTS _N_ _I_FNS_O_F_ va_la@t;q

#EAL LIM

LOGICAL LDISI, LDISO, M_ESET, MHOLDt MOP_

COMMON

X /INTCOMM/

X

X /REALTIM/

X

X

INT_G#ATION COmmUNICATION

T , DT . INT . NFO

[SCHEME* OE#INT{2.I2)

N0Pr_ ° N_OLD • N_F¢_T . NT_

NP_rNT . N_EAD

SIj_0LJTINE COMMUNICATION

COMMON

X IACCEL/ AX , Av • AZ

X IADV C I OMEG ,_I_ VT • QV _ QL , A_DD

X /CPIC / ACI . 8C! • DCI , YQCMI i v_CMI , Y_TM! •

X /GPA_A_/ DELT . _HO • q . mlF

X /LAGSTK / NILAG , N_TICK

X /_OOEC / _Q_ffT , _OL9 • WOPEQ

X /STICKS / XAOG , vC_ • XCS , _T_ , DP_ • _

FQL;)VALENC_G

EOUIVALENCE

X (DEPlNT[I. 4),_HI ),

X (DrPINT{I, G),T_FTA)•

X (_F_INT(I, 6)•_mI )•

X (DFQINT(I, 31,_ )°

3OO

DATA PALT / 0,0 /

pHI_AL =-Ay/Az

IF(.NOTI LDISI{421_

PHf = 0,_24

THETA = 0,785a

PSI = 0,524

PHI_AL = 0,1

= 0,0262_2,0

AS_ = 130,

CONTINUE

_UM_NT TF_T

GO T_ lh0

OAC(2_) = -COSIPMll

DAC(26) = -SINIPHI1

DAC(2?) = -COSITHETA)

DAC(_B) = -SIN(TMETA)

DAC(29) = -COS(P%I)

DAC(]O) = -SIN(PSI)

ALTI_ETE_

#ALT = _ALT ÷ LIM(H - PAL/• -l_, l_l

A_4 = _fff - A_O_rPALT,IOOO,)*CqKA

DAC(31) : COS(AAA)

DAC(3_} = SIN(AAA}

_ATE OF CLIMB

ZSDP = LI_(HOOT_60,, -3999,99, 3999.9g)

IF(ZS0P) _00. 201, 20)

CSK_ = -l,O

GO TO 202

CSK_ = I,O

CONTINUE

IF(ZSDP,GE,IOOO,.O#,_SD_,LF,-IO_,)

XX = )00.

IDx = 0

GO TO 301

XX = _O0.

GO Tm 30n
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IDX # 8
301 $S1 = ZSDPlXX

IS! = SSI

IS2 = TDXiCSK5

IS • IABS(ISI + IS2} + I

SS • ABS(SS1 - ISI)

ZSDF = CSKSi((I,O - SS)_FOS(IS) + SS_FO_(IS + I))

IFtN[LAGeEQel ) 302* 303

302 AASx = ZSDF_RPD

_AS = DCItYRCM! + BCI_XRCNI + ACI_AASx

XRCMt = AASX

Y_CMI = AA5

GO TO 304

303 CONTINUE

AA5 • ZSOFI_PD

304 CONTINUE

DAC(33) = -COS(AAS)

DAC(34)= SIN(AA5)

TWO MINUTE TURN

]F(NILAGoEQII) 400, 40|

400 AA6x © L[M({_CSK6 + _IE}, OeO0 6e283]1

AA6 = DCI_Y_TM| + BCI_X_TM] + ACI_AA6x

X_TMI = AA6x

Y_TMI = AA6

GO TO 402

AO] AA6 • LIM((_CSK6 + _IE)_ O.Oq 6.2831)

402 CONTINUE

DAC(35) = LIM(COS(AA6). -.BB6e .886)

DAC(36) • LIM(SIN(AA6), -._OOt .500)

BANK

IF(NILAG.EQ.L ) 500, 501

_00 AA?x = (LIM(PHIBAL, -.I5. .IS))_CSK?

AA? = DCIWYPBMI + BCI*XPBMI + ACI_AA?x

XPBMI = AA?x

YPBM[ = AA?

GO TO 502

50| AA? = (LIM(PHIBALt -,|5, =IS))tCSK?

502 CONTINUE

OAC(3?) = -COS(AA?}

DAC(]8) = -SIN(AA?)

_PM

DAC(39) = LIM(OMEGRPM/ 500it OeOq o9996)

INDICATED AIRSPEED

OAC{40)=LIM(ASPD/]40e.OeOqOo9996}

LDISO(I ) = M_ESET

LDISO(2) = MHOLD

LDISO(3) = MOPE_

_ETURN

END

MODE CONTROL DISC_ETES
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EARTH M

Subroutine EARTH M contains the equations used to calculate the earth rates by

resolution of body linear velocities through the Euler angles (refs. 1 and 2 and

appendix A).

( EARTHM )

i
Compute Earth Reference
Velocities and Earth Rates

72

SUR_OUTINF EARTH *4

bRO_QAM COMDLITEq EADTH _4_T_-. c, _v QFc.OLUTION

OF BODY AXIS VELOCITIES T'-d_©UGH _ JLFt_ ANGLES

REAL NDOT

COMMON

X

×

COMMON

×

TYPE STATEMENT.% AND DI'ALNSIQNEIh VA_IARLE c,

I NTEG_AT I ON; COMMUNICATION,

/ I h_TC.O_,'M/ T , DT , | NIT

I_CHFM r, D_-q'INT (2, 12)

, NF7_

%IjE_QOUT I NF C O",_M, I_1 [ _- & T I c,_._

/Ek!L Ck_/ CO%F-I , SINFI • C(._%TH , '-rNT.* , COC-Sl , qlNq I

EQUIVALENCE

×

x

x

X

x

x

VPm-

,,_,,P F

UPF

HOOT

N_DT

ED©T

EQUIVALENCES

(DFQINT( I , 7

(DFQINT( 1 ,

(DFQINT{ 1 , :)

(DF_[NT(2,10

(OFQINr(P, I i

(DE_INT(Z_ 12

qtJ },

,V ),

,,W ) •

, NF_)O T ),

, CL)O T ) •

• HDOT )

COMPUTE EAQTH _f F! F.;F %C; #_ LOC 1 T IES

= V*EOSFI - _'*F|NFI

: V*SINFI + W*COSFI

: u*C_STH + _.'PrNGINTH

COMPUTE _LA_TH _ATr- %

= U*SINTH - ',,_PE*CDmTH

= L;P_COGL,! - VPE*qINSI

= UPE_qINGI + VPE*CQGSI



ENGINE

Subroutine ENGINE contains the equations used to calculate required engine torque,

maximum engine torque available, and the main rotor angular velocity (refs. 1 and 8 and

appendix A).

(ENGINE)

l' Compute Engine Torque Derivative ]

Yes .___]

I ComputeEngine Torque andMaximum Engine Torque

No _--i

Compute Rotor Angular Acceleration, Velocity, Shaft
Horsepower, Engine Thrust, Power, and Torque
Coefficients, Tip SpeedRatio, and Tip Mach Number

Compute Rotor Angular
Velocity and Engine
Torque

!

Limit Engine Torque

1

( RETURN)
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SUBROUTINE ENGINE

PPOGRAM COMOUTES _EQUIR_D ENGINE T_RQuF_

MAXIMUM ENGINE TORQUE AVAILABLE. ANO

_AIN _OTO_ ANGULAR VFLOCITY

_EAL IQOT, MU, MTIP

LOGICAL LDISI, LDISO

COMMON

X

X

X

X

X

COMMON

X /ADV C / OMEG

X /COEF / CT

X /CONT_L/ AOS

X /ENG C / QMAX

X /ENG _ / IROT

W /GPARA_/ PELT

X /M_OT C/ FXP

× _0SS

X A01S%

X /ROT P / TWI_T

X N_AD

X /SHIP P/ (XX

TYPE _TATEMENTS AN0 DIMENSIONED VAQIA_LCC

INTFGPATION COMMUNICATION

/INTCOMM/ T . DT • INT _ NEO

ISCHEME, DE_INTI2,I_)

/REALTI_/ APE(32), OACIGA), LDISI(I08), LDISO(19_).

NOP_ • NHOLO , N_ES_T , NTFQ_ ,

NPQINT , NPEAD

SUB_0UTINE COMMUNICATION

WIM _ VT _ QV • OL , AKP_

CP q CQ , MU • MTIP . V_

AIS t _1S • THTR , O_G_

9E , SH_ ° G_WT , OMEGDT

CKE!

RHO b G , PIE

EyR L_ • LRH , M_H • OMP ,

AL_IY_ ()TSIY • BETSI • B_TSI • AI _

F_R5 i CKAO , CKA_I , C(A_? , CKAB] •

NAZ , N_ • #B , E_H

fry _ [ZZ • _SS

EOUIVALENCE

EQ_J I VALENCFS

X (DE_INT(I, 7),U }•

X (DERINT(I•I2),N l

C0_PL_TE ENGINE T0_QL]E _FQt!IRE_

AND LIMIT TO _AXIMUM

OE_ = CKEI*(OMEGO - 0M_) ÷ 0M_

IEI°NOTo LDISI(37}_ GO TO i00

0MEG = O_EG0

0E = QM_

I00 CONTINUE

IF( H_LT_2500, ) Q_AX = _0=0_,/ 0_EG

IE(LDISI(3_I) _0 TO _n_

IF_ QEoGT,O_AX ) Q_ = _AX

2O0 CONTINUE

_E_ LIGHT _ ON INDICATES

ENGIN _ T0_OUE G_ATE_ THAN _A_IMU_

LOISO(_181 : ,F°

IFfQE*GE.QMA_I LDISO(IISI : .T_

C0_Pl)TE _0_0_ ANGULA_ ACCFLF_ATION

0MEGDT= (0E - 0_)/ I_©T

IF_INT°LE,II O_EG = O_G _ O_EG_T*_ELT

CO_UTE S_AET HORSEPOWER

CO_TE ENGINE THrusT, _0WE_, AND T©_0_P_

COEFFICIENTS

MU = (I,689*ASPDI/(0_G*_I

_TIP = (Io689*ASP_ + OME_*R_) / VS

_ETU_N

EN_
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EVAL

Subroutine EVAL is used by the trim circuit algorithm and sets up an (n + 1) × (n + 1)

matrix of functional evaluations and computes (n + 1) sums where each sum is the sum of

the trim equations squared for each column (ref. 6 and appendix D).

L Set Up (n + l) x (n + 1) Matrixof Functional Evaluations 1

Square the Trim Equations

and Compute Summation
of Each Column

C

C

C

C

C

C

C

C

C

C

C

SUBRt)UTIN[ EVAL(FtNCt)L)

DIMENSION F(I| )

COMMnN

X

X

/TRIMAT/

PROGRAM SETS UP AN (N+I)X(N+I ) MATRIX OF

FUNCTIONAL EVALUATIONS AND COMPUTES (N+I)

SUMS WHERE EACH SUM IS THE SUM OF THE TRIM

EQUATIONS SQUARED FOR EACH COLUMN

100

TYPE STATEMENTS AND DIMENSIONED VARIABLES

SUBROUTINE COMMUNICATION

XMAT(II,12), EMAT(12tl3}Q TRSUM(12}• NFON•

NEQD1 q NEQP? • XMATG(1 1 )

EMAT(I •NCOL) : IoO

TRSUM(NCOL} s Oo

DO lO0 J=2•NEQPl

EMAT(J,NCOL) = F(J-I )

TRSUM(NCOL} = TRSUM(NCOL)

_ONTINUE

+ EMAT(J_NCOL)**2
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F AND M

Subroutine F AND M contains the equations used to calculate the total aerodynamic

forces and moments (refs. 1 and 2 and appendix A).

(F ANDM)

Sum Forces, Compute Moments
About Center of 6ravity, and
Compute Accelerations

(_u_)
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C

C

C

SUBROUTINE F AND M

PROGRAM COMPUTES NET FORCES AND MOMENTS

ACTING ON HELICOPTER

TYPE STATEMENTS AND DIMENSIONE_ VARIABLES

SEAL IS, LMRo [.RHo MRH, LAt MAo NA• LF, Mr• NF• mASS

INTEGRATION COMMUNICATION

COMMON

X

X

/INTCOMM/ T • DT , INT • NEO •

ISCHEME• OE_INT(2•I2)

COMMON

× /ACCEL/ A×

X /AOV C / OMEG

X /ENG C / QMAX

X /F N M P/ OX

X OZTR

X /F N M C/ xA

X /FuS C / XF

X ×W

X /MROT C/ FX_

X AOSS

X ADISS

X /SHIP P/ I××

X /TAIL C / ALFHS

SUBROUTINE COMMUNICATION

EQuIvALENCE

X

X

XA

YA

ZA

LA

X

MA

X

NA

AX

AY

AZ

RETURN

_NU

AY • AZ

'#IM • VT

QE • SHP

DXHS , OXT_

DZVS • DXW

YA • ZA

yF • _F

WIWM • ZW

FYR • LMR

ALFSIY• UTSIY

B]SS • BDISS

IYY , IZZ

BTVS , ZHS

YTR i DELE

EQUIVALENCES

e QV • OL q A£_D

, GRWT • OMEGOT

, DXVS • DZ •

• DZW , I#

, LA • MA _ NA

, LF • MF i NF

, ALFF • BET_ • ALFW

i L_H t MRs4 o QMR

• BETSI • BDTSI • AISS

, MASS

• VVS • VTQ •

(DERINT(I , I ),P 1•

(DERINT(I q 2),O )

SUM FORCES

= xF + XW + FX_

= YF + YT_ + _YR + YVS

= ZF + ZW + ZHS - LMR

COMPUTE MOMENTS ABOUT CoG_

= LF + LRH + DZ_FYQ + (3Z - DZT_)_YT_ + (OZ - DZVS)wYVS

+ ]R_OMEG_Q

= MF + M_H - OZ_Ex_ - (OZ - DZw )*XW + (DXHS - OX)*ZHS

+ (D×_ - DX)_Zw + D×*LMR - I_OMEG*_

= NF + QE + OX_EYR - (OXVS - DX)_YVS - (DXTR - OX)_YTR

COMPUTE ACCELERATIONS

= XA/MASS

= YA/MASS

=-ZA/MASS
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FUS

Subroutine FUS contains the equations and functions used in calculating the fuselage

forces and moments. FUS also calculates the wing lift, drag forces, and dOwnwash veloc-

ity (refs. 1 and 2 and appendix A).

Compute Angles of Sideslip and
Attack, Aerodynamic Functions,
Fuselage Forces and Moments,
Wing Forces, and Wing Downwash

( RNo, )
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_U_hUTINF _US

R_AL LF, MF, N_, IW

LOAIrAL LDI_I, LDItO

COMMmN

X IINTCOM_/

X

X /_EALTIMI

X

X

COMMON

X /FCNNAME/

X

X

X /FUNCS /

X

X

X

X

X

x

COMMf'_N

X /ADV C /

X /FUS C /

x

X /_US _ /

X

X

EOUIVALENCE

X

X

X

X

X

X

_OG_AM COM_UTES FORCES AND MOMENTS _0_

FUSELAGE AND WING COMBINATION

TY_E STATEMFNTS AND DIMENSIONE_ VAQIA_L_

INTFG_ATION COMMUNICATION

T , OT , INT , NEO

I_CHFMF, _FRINT(2.1_)

ADC(32), DAC(64}, LOISI{I08), LDISO(196),

NOP_ ° NHOLD , NPE_FT , NTE_M

NP_INT • N_EAD

SUBROUTINE COMMUNICATION

CLF_ , CM_I , CN_I , CXl • CX2 • CYT_

CyF , CZ_ , CXW • CZW , CYVS , CZHS

C_S_Y , CLSIY , _W , GEV , GEH

F001(28) F002(28) _03(14), _OOa(1_), _O0_(l_il,

F_0_(28) _00_(14) F008(28), FO09(I_), F010(28},

F011(3_) FOI3(O?) F_I_(O?I, _01_(07)_ _018(27),

O001(Og) D002(09) D003109), DO0_(09), D005109),

000_(09) DOO?(Oq) D008(09_, DOOg(Og), _010(09},

DOl1(Og) D013(091 DOI_(09), DOI_(09), DOI_(I_),

DOI?(I_I _016(3_, 0)° FOI?(3_,IO), _01_(?,_,_)

WIM

Y£

WIW_

CMF2

VMF

SXW

VT , OV , QL . ASDD

ZF , L_ , M_ , NF

ZW , ALFF BETF ALFW_

CNF_ , CK_F , C_IW_, IV

VNF , SXF! , SX_ , _Y_

SZW

EQUIVALENCES

OME_

XW

CLF_

VLF

SZ_

I D_E_INTII, 2}_Q ),

(_F_|NT(It 3},Q ),

(_INT(II 8),V ),

I r_INT_I, 9),W )

COM_UTE $[DESLI_ _ND ANGLES _ _TT_C_

UL = U

I_(UoEQ.O,) UL - ,_0001

ALFF _ ATAN_(W-C_F_WIM,UL)

_ET_ - ATAN_(V,UL}

AL_W z ALF_ + IW

WHITE LIGHT_ 13,14,|_ INDICATE _LF_, BETF_

ALFW _E_ECTIV_LY BEYON_ LI_IT

LDIS_(?3I - ._,

LOISO(?4) - ,_,

IF(ALFF'LT'-3"I2_O_,ALF_,GT,3-1_) LDISO(?3I m ,T,

IF(8_TF.LTo-3.12,0_,_ETF,GT,3,12) LDISO(?4} _ ,T,

IF(ALFW°LT'-3"I2,0_'AL_W,GT,3,121 L_ISO(?_I = ,T,

COM_UTE CMFI, CZF, CLFI, CNFI, CYF, CZW

AL _D - AL_

_FT_D - _FT_

AL_D - AL_W

AL_SIGN _-S|GNII,,AL_F_|

_ETSIGN _-SIGN(I,,BET_DI

ALFW_GN "-SIGN(Io,AL_WPI

ALFFD - AL_F

BETFD --AB_I_ETF)

ALFW_ =-A_S(AL_WI

I_(ALF_PoLE,-3,1_) ALFF_--3,]I99

I_(AL_P,_E, 3,1_) _L_P _ 3,1199

CALL FUNCII_OOI_DO_I,ALFr_)

IFIB_T_P,LE,-3,1_) BETF_--3.1199

IF(ALFWP,LE,-3,12) ^L_W_'-3,1199

IF(ALFWP,GE,O,O0 ) ALFW_'-I,OF-IO

ALFF_ --AB_IALF_)

IF(ALFFP,LE,-3,12I AL_F_-3_II99
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I_(ALFFP.GE.O.O) ^LFF#=-I.OE-10

CALL _UNCI (_O03_DOO3,ALF_P)

CALL FUNC1 (_OOG,DOO4,BETFm)

CALL _UNC]IFOOS,_OOStBETF_)

CALL FUNC](_OO?,DOOT,_ETF_}

CALL FUNCIfFOOg,OOhg.ALFW_)

CMF! = DO01(1)

CZF = Dh03(l )*ALFSIGN

CLFJ = DOO4(I !*BETSIGN

CNF! = DOO_(1}*BET_7_N

CYF = DOOT(1)iBETSTGN

CZW = DOOg(1 )*ALFW_GN

COMPUTE CX2. CXI, CXW

AL_ = ABS(AL_F)

BETF_ = ABS(BETF!

ALEWD = A_S(ALEW)

IF(ALFFP.LE.O.000 ALCF_=I.0E-10

I_(ALF_PeGE.3.|60 AL_FP=3o1599

IF(B_TF_,LE,O,O0_ BETF_=I,hE-Im

IF(B_TEP,GE,3eI60 BETFP=3.|59g

I_(ALFWPoLE.0eOOO ALFWP=!.0E--]0

IF(AL_WPoGE,3,!60 _LFWP=3.1599

CALL _UNCI(FOO6,0OO6_BETF_)

CALL FUNC|(FOOBI_OO_,ALFW_)

CX2 = OO0_(! )

C×! = DO06(! )

CXW = DOO8(! )

CALCULATE _uSELAGE FORCES AND MOMENTS

LF = QL*VLF*CLF1 + U*P*CLF2

N_ = OL_VN_*CNF! + U*Q*CNF2

XF = QL*SXF!_CX_ _ QV*SXF2*CX_

YF = QL*SYFtCYF

Z_ = QV*_F_CZ F

CALCULATE WING FORCES AND WING D©wNwASH

ZW = OV*SZW*CZW

XW = OV*SXW*CXW + IW*ZW

WIW_ = CKWlWM*U*CZW

_ETU_N

END
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MAINROT

Subroutine MAINROT contains the equations and functions used to calculate the

main rotor forces and moments generated due to a given collective and cyclic pitch and

to given helicopter angular and translational rates. This subroutine includes the calcu-

lation of lift and drag coefficients, coning angle and flap angle rates, and total main rotor

forces and moments including ground effect influences (refs. 1 and 2 and appendix A).

Yes

I Initialize AccumulationsAround Azimuth

Compute Blade Pitch, Flap Angle, Flap
Rate, Resolved Velocities, and Spin Rate

Compute Coning Angle, Resolved Velocities, and 1

Main Rotor Pitch Angle and Angle of Attack; IGenerate Lift and Drag Coefficients; Sum
Forces and Moments Along Blade

I omplete Summation Around Azimuth ]

Yes

I Compute Flap Angle Rates I

NO _ Compute Coning Angle I

I Compute Flap Angles, Ground IEffects, and Rotor Forces
and Moments
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SUBROUTINE MAINROT

P_OG_IM COMDUTES rOBCES AND TORQUES ON

MAIN _OTO_ FOR GIVEN COLLECTIVE AND CYCLIC

PITCHES,ANGtJLA_ AND TRANSLATIONAL PATESI

TYPE STATEMENTS AND DIMENSIONED vArIABLES

_EAL LM_. L_H, M_H0 LPD_, M_D_

COMMnN

X /[NTCOMM/

X

X /REALTIM/

X

X

CO_M_N

X /FCNNAME/

×

X

X /FUNCS /

x

X

X

X

X

X

COMMON

X /ADV C /

x /CONT_L/

X /FT_M_LS/

X /GPA_AM/

X /M_OT C/

×

X /_OTCON /

X /ROT P /

X

X /RCOEFF /

X

X /SC_SI_ /

INTEGI)ATION COMMUNICATION

T , [II • INT • NEQ

ISCWFME* D_QINT(ItI_I

ADC(32}. _C(54), LDISI(I08I, LD1SO(Ig6)t

_O°_P ° N__D • MPESET , NTE_M

_DRINT , N_E_D

SUBrOUTInE COMMUNICATION

CL_I , CMEI _ CN_I • CX1 • CX_ • CYT_

CYF , CZ_ ° CXW • CZW • CYVS • CZHS

CDSIY ° CL_IY t DW _ GEV • GEH

_O01(Og) DOOming)• 0003(09), D004(091, _O0_(Og}.

DO0_(091 _O?(_g)_ D008(09)• D009(09}. D010109}*

DOII(Og! _O13(_g_, _014(09). DOI_(09I• DOI_(IB).

_01_(18) _016(_•10), F017(3_•10)• EOIB(?._4)

WI_ , VT OV • QL • ASP_

AI_ BIS THT_ , OMEGD

EQ_;SS, EQWIM HDOTD

ALFSIY, UTSIY _ETSI • BDTSI , AI_S

_M_S , C_AO _ CKA_I • CKA_2 • CKA_3 •

NAZ , N_ , _ • EFH

CKL(_O), CKD(201, CKQ(20)• CKDLI_OI, CKQL{2OJ,

OMEG

AOS

EQLM_

DEL_

EX_

ADS(

ADI_

YPE(20)

TWI_T

EQ{IIVALFNC_

EQUIVALENCE

X (r)FRINT(t, I),_ ),

X (E_F_INTfI_ ?),U )t

SLSD _ 0.0

SLC_ • 0_0

SMD_ • OoO

SMSD • OoO

S_CD - 0.0

DO _n I " I,NAZ

INITIALIZE ACCU_UI. ATIONS AROUND AZIMUTH

MAIN LO(O AROUND AZIMUTH SUMS FORCES AN O

MOMENTS ON _OTO_t

BLADE RITCH-EXCLUDING TWIST

TE_T _ AOS - AIS tCOSSI_(I) - BIS tSINSIR(]) - (AOSS-.OA])

FLA_ ANGLE

BETSl - AOSS - AISSICOSSIRrl) - BISStSINSIR(1)

FLA_ RATE

BDTSI = (AISStRINSI_(II - BISStCOSSI_(IIItOMEG
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I

1

10

RESOLVED VELOCITIES ANO S_IN _ATE

USVC • UeSINSIR(I) + V*COSSIR(])

UCVS = U*COSSIR(I) - V*S|NS|R(I)

OCPS = OtEOSSTR(]| + PtSINSIR(]I

iTEM = W -- BETSIIUEVS

INITIALIZE SUMS OVER RADIAL STATIONS

LDD_ = 0.0

nP_R = _,0

MPD_ = 0.0

OPD_ • _*0

INNER LO0_ SUMS FOR_ES ALONG BLA_E

O0 10 J • I*N_AO

CONING ANGLE AND RESOLVED VELOCITIES

THSIY = TEMT + VTW(J)

UTSIY = YPE(J)*OMEG ÷ USVC

WlSIY = WlM_WF(J)'(I* ÷ UCVS'WIF{JII

uPSIY = VPE(J)*OCPS - Y(JI*BDTSI ÷ WTEM-WISIY

IF UTS1Y NEGATIVE, ALFS|Y. CL, CD ASSU_D

TO BE ZERO

IF {UTSIY *LE* 0.0) GO TO 10

PHI_IY= UPSIY/t)TSIY

ALF_IY• TH%IY • PHISTY

ALFSIY_=-,_0604

AL_SIYP- ._0604

ALrSIYP = ALFSIY

UTSIvP = UTSIV

IF(ALFSIYD*LEI-._O60R)

IC(AL_SIYP.GE. ._060m)

IFIUTSIYP*Lr. IIO.)

IF(UTSIYP*GE*I1GO*)

U?SIYP=IOg.999

UTSIYPzlOgg*ggg

WHITE LIGHT IB O_ 19 ON INDICATES

_JTSIY OR ALFSIY RESPECTIVELY IS B_YONO

SET LIMITS

LDIShI?B) = .F,

LOISO(_9) = *F*

1F(UTSIY *LT*IIO*OhO.OR,UTSIY *GT*llhO.Ol LDISO(?B) = *T*

1F(ALESIV'LT*-'_O60_=OR*AL_SIY*GT*0_O_OBI LDISO(_g_ = =T*

GENERATE LIFT AND _G COEFFICIENTS

CALL _UNC2(_O16,0016_ALFSTYO_UTSIYp}

CALL _UNE2(FO]?,OOI?,ALFSTYP*UTSIY_)

CDSIv = D076(11

CLSIv = DOlT(l)

SUM FORCES ANO MOMENTS ALONG BLADE

LPD_ = CKL(J)*CLSIY*UTS[Y*UT_Iy + L_

DPDR = (CKO(J)*CDSIY*UTSIY - CKOL(JI*CLSIY*UPSIY}

MPD_ = CKM(JI*CLSIY*UTSIY*UTSIY + MPO_

OPDR = (CKQIJ)_COSIY*UTSIY - CKQL(J)tCLSIYtU_31y)

*I)TSI v + _P_

( ONT I NUt

COMPLETE SUMMATION AROUND AZI_I/TH

SLOR = L_R + SLO_

SLSD = LPO_*SINSIR(II ÷ %L_

SLED = LPORIC_SSI_(1) * SLCO

SMO_ = _PO_ + SM_

SMSO = MPORISINSIRII) + S_S_

S_CD = M_OR*_mSST_(I_ + SMC_

SXOR = BETSItLPORICOSSIR(1) - DPORtSINSIR(I) + SXOR

SYD_ I-BETSIILPDR*SINSIR(1) - DPO_*COSSIR(1) • SYOR

SOOR • OPDR + SO_R

_0 CONTINUE

COMPUTE CONING ANGLE AND FLAP ANGLE _ATES

POVN = PHO/NAZ

_ON = _H_ROVN

EQAOKS = _OVN*SMDRIcKAO/(0MEG*OMEGI - AOSS

ADIS_ = CKARI*SMSOt_OVN/OMEG - CKAB_*O + CKAB3tB1SS

BOlS_ = -CKABI*S_CO*OOVNIOMEG - CKAB2*P - CKAB3*AISS

IF(LnlSI(]?I) GO TO ?00

AOSS = ROVN*SMD_*r_AO/(OMEGIOMEG)
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IF(I_ToLF,_)

IF(INToLE,I )

IO0 cONTINUE

A}SS = AISS + DELT*ADISS

mISS : BISS + DELT*BDIS_

COMPUTE _OTO_ FORCES AND M_MENTS

INCLUDING GROUND EFFECT INFLUENC_

HP = H

UP = U

IF(HDeLEoOoO0) HP=,hO0!

IF(HDoGEo_OoO) HP=AQ,999

IF('JDeLEoOeOO) UP=o_O0!

I_(UO.GEe20Oo) U_=1_9,999

CALL FUNCI(_OIS,00|_qHP)

CALL _UNC]{_OIA,DOIa,UPl

GFH : P01_(_)

GFV = _01Af| _

LMR = _BON_(le + G_H_GEV}_SLDR

EQWIM = WIN-lOb0328 _ LM_/(_HO_VT)

FYP = RBON_YD_

FX_ = RBON_SXD_

LRH :-EFHiSLSD_BO_ + OMEG*OMEG*FMRS*B|SS

M_H =-EFH_SLCD_80_ + OMEG_O_EG_FM_S_AISS

QM_ = _ONtSQO_

_FTL)DN

FND

B4



pQ

Subroutine PQ contains the equations used to calculate the constants needed for the

convolution solution of a linear second-order equation. The subroutine requires the inte-

gration step size and the roots of the second-order system in order to calculate the con-

stants (ref. 7).

( )PQ(ONE,TWO,THREE,NEEDRTS,Pll, P12,P21, P22,Qll, Q12,Q21,Q22)

No

i Compute Real Equal Roots I

1 Compute Real !r Distincl Roots
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SUBROUTINE PO(ONE,TWO,THRFE.NEEDRTSqPi I .P|2,P21 ,P?_',O] 1 ,q12,O2[ ,022]

TYPE STATEMENTS AND DIMENbIONED VARIABLES

LOGICAL NEEDRTS , LDlgI , LDISO

INTEGRATION COMMUNICATION

COMMON

X

X

X

X

X

/[NTCOMM/ T • DT , INT ° NEff ,

ISCHEME, DERINT(2,12)

/REALTIM/ ADC(32), DAC(64), LDISI (]08), [ [)IS0(t96) *

NOPER , NHOLD , N#ESET , NTERM ,

NPRINT , NREAD

H = DT

SIGMA = O,

SIGMAI = O,

SIGMA2 = O,

IFITHREE,NE,O,O) GO TO 30

REAL EQUAL ROOTS

l0 SIGMA = ONE

20 SH = SIGMA*H

IF(SIGMA,EQ,O) GO TO 50

PSH = EXP(SH)

SIGMAS = SIGMA*SIGMA

P12 = PSH*H

P21 =-SIGMAS*PIP

Pl! = PSH -- SIGMA*PI2

P2P = PSH + SIGMA*PI2

Q12 = (H*(I, + PSH) -- 2.*(PSH - 1,)/SIGMA)/S1GMAS

Q21 = PI2

Oll = C[, - Pl 1 )/SIGMAS

Q22 = Oil

GO TO 60

REAL DISTINCT ROOTS

30 SIGMA1 = ONE

SIGMA2 = TWO

40 SIH = SIGMAI*H

S2H = SIGMA2*H

PS|H : EXPISIH)

PS2H : EX#IS2H)

SIS2 = SIGMAI*SIGMA2

SIMS2 = SIGMAI-SIGMA2

IFIS1S2oEQ.O.,O#,SIMS2,EO°O,) GO TO 50

PI2 = [PSIH - PS2HI/SIMS2

P2! =-SIS2"P12

Pl 1 = (SIGMAI*PS2H - SIGMA2*PS|H)/S1MS2

P2P : (SIGMAI*PS]H - SIGMA2*OS2Hi/SIMS2

PlMI = PSIH - 1,

P2MI : PS2H - I •

QIP = (PIM1/SIGMAI - H)/(SIMS2*SIGMAI) - (PPMI/SIGMA2 -- H)/

X (SIMS2*SIGMA2)

02! = PI2

011 = (DIMI/SIGMAI - P2MI/S|GMA2)/SIMS2

022 = QI!

GO TO 60

50 LDISOIg0) = ,T,

6O CONTINUE

RETURN

END
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PQ1

Subroutine PQ1 contains the equations used to calculate the constants needed for the

convolution solution of a linear first-order equation. The subroutine requires the inte-

gration step size and the root of the first-order system in order to calculate the con-

stants (ref. 7).

I ComputeP,Ql, Q2 I

SUBROUTINE DQI (W.P.QI,Q2)

INTEGRATION COMMUNICATION

COMMON

X /INTCOMM/ T Q DT _ INT

× ISCHEMEq DEPINT(2,12)

P = E×P(-W_DT)

Ol : (I.-P)/W

Q2 = (DT-QI)/W

_ETu_N

END

, NEQ
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SAS

Subroutine SAS contains the equations used to evaluate the stability augmentation

system transfer functions and to calculate the corrections made to the control inputs.

CaIITRANFNI>

System Control Inputs
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C

(-

C

C

C"

Sunq(h(JT I NF SAc,

P,_OG_A,v EVALUATFS STZ_HILITV ArJ_,ML-NTAT I0_,

%YqTEM THANqFE_ FtJNCTIONb AND CALC[ILATi S

THE CONTROL SJq'FACr- F'FFL[ CTTmKjE

COMMON

X

X

[NTFGRAT [ ON CO, I'¢VUN ] C A T ] ON

/ I NTCOMM/ T _, L)T , I NT , NL Q

|SCHEME, D_-_INT(p, l?)

_n, lr_DOtrTINC COMMU, NIC_T Irf'.!

COMMON

X /ANGSAS / PHIL

× /CNTSAS / A1SCS

X /CNTL C / AOSC

X THTDCL

X /SAg P / AICI

X _lC1

X THCI

X /VALIJ_S / _ICql

× /×IC / AIXI

X THX]

× P_X2TN

, THETAL, PSIL

• _ISCS • THTNCS

, AICC , R]SC

• A1C_P • AIK]

• F_,I CP , _Ir<:]

, THC2 . TNK ]

, A1CC,2 , F_ICFI

, AI×P , AIX3

, THX2 , THX,_

T×ITN ,,, TXPT\'

, DHIDL , THFTr]L ,, DF: Ir]L

, THT_C , A[ SCL , t'l _CL ,

EQ_;IVALENCES

EOL;IVALENCE

X

X

(DEDINT(I, 4),DHI ),

(DERINT(I. 5).THWTA)

CDFDINT(I . 6),PSI )

CALl_ TRANWNI (AI SC,A] ACI_,AICI qAIC2,AICSI ,A×ITN,AYpTN)

CALL TPANFN2 (PHI ,PHIL•PH|DLqAI<I ,AIKp. AIKZ.AIK4.AIC_p_

A_XI ,A] XR_AIX _ )

AlqFq = A1Cql - AICqP

CALL TWANFN! (H1SC,:-31%CL,ktIC] ,,IfilC2,,mlCSI ,BXITN,_×PTN)

CALL Tg_ANFN_(THETA, FHFTAL,THE-TDL,rgIK! •P_IKp, IIK'_,V_!Kz,,F_]CSp ,

F_IXI ,IRl×2,_l',f _)

B1 5Cg = B1CSI + HICF_P

CALL TRANFNI (THT_C_THTRCL,THC] _TMCP,THC#_I ,TX] TN,T_PTN)

CALL T_ANFN2 (PSI ,DSIL,_SI!)L ,THKI ,THKP,THK2, THKa,THCF,2,

THXI ,THX2_THX3)

THT_CS = THCRI + THCC2
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SETUPA

Subroutine SETUPA is used by the trim circuitalgorithm and initializesXTRIM to

the startingvalues of the trim parameters. During the trim iterations,the trim parame-

ters are set to the XTRIM values (ref.6 and appendix D).

 ETUPA 

N=2

N =I

I Initialize XTRIM 1
I

i Sel Trim Parameters [to XTRIM Values

&
C

C

C

C

C

C

C

C

C

C
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SUBPOUTINE SETumA (X,YI,Y2,Y3,Y4,YS,Y6,Y?,YS,Yg,YIO,YII ,N)

D_OGRAM INITIALIZES XTRIM TO THE STARTING

VALUES OF THE D_AMETERS, DURING THE TQIM

ITERATION THE TRIM PARAMETERS ARE SET TO

THE YTQTM VALUES

TymF STATEMFNTS AND DIMFNSION_B VArIABLeS

DIMENSION X(ll )

GO TO(100,200I,N

100 CONTINUE

X( I ) = YI $X{ 2) = Y2

X( 5) : Y5 SY( 6) : Y6

X( 9) = Y9 Sx(IO) = YIO

RETURN

$X( 3) = Y3

SX ( 7 ) = Y7

SX(I I ) = Vl I

SX ( /4) = Y4

SX ( 8 ) = Y8

200 CONTINUE

Y1 = X( I)

Y5 = X( 5)

Y9 = X( gl

$Y2 = X( 2)

$Y6 = X( 6)

SYIO: ×(i0}

$Y3 = X( 3)

$Y7 = ×( 7)

$Y11= ×(Ii )

$Y4 = X ( 4 )

$Y8 = X( B)

_ETu_N

END



SETUP2

Subroutine SETUP2 is used by the trim circuit algorithm and equates FTRIM to the

trim equations (ref. 6 and appendix D).

Equate FTRIM to
Trim Equations

C

C

C

C

C

C

SUBROUTINE SETUP2(F,ZI tZ2,Z3oZ4,ZS,Z6,Z?,ZBoZg,ZIO_ZII )

DIMENSION F( I 1 )

F( I) = Z1

F( 5) = Z5

F( 9) = Z9

RETurN

END

PROGRAM EQUATES FTPlM TO THE TRIM EQUATIONS

TYPE STATEMENTS AND DIMENSIONED vARIABLES

SF( 2) = Z2

SF ( 6 ) = Z6

SF(10) = Z10

SF( 3) = Z3

SF( ?) = Z?

SF(I I ) = Z11

SF( 4) = 74

SF( 8) = Z8
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SIMEQA

Subroutine SIMEQA is used by the trim circuit algorithm and solves a system of

linear equations by the Gauss-Jordan reduction method (ref. 6 and appendix D).

_A SI MEQA, N, CC, XMAT, XTRIM

Move Matrix to Working

Area and Solve System
of Linear Equations
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SUBROUTINE SIMEQA(AoNqCCtXMAT,XTRIM)

PROGRAM SOLVES A SYSTEM OF LINEAR EQUATIONS

BY THE GUASS-JO_OAN REDUCTION METHOD IN TI'_E

TRIM ALGORITHM

TYPE STATEMENTS AND DIMENSIONED VARIABLES

DIMENSION A(12,13), CC(]2), xMAT(ll*I2), XTRIM(II)

DOUBLE PRECISION B(Ipql3), C(|2)* OXMAT(IIoI2), DXTRIM(li), 0. TOE

TOL = 5eO--20

KA • N + !

K2 • 2

K3 • 1

DO In IzI,N

O0 i_ JmlIKA

MOVE MATRIx TO WORKING AREA

|0 BIIoJ) = 0_LEtA(I,J))

20 IF(DABStBtK3,K3))- TOL) 30* 100, 100

30 IFtK_ - N) 40, 40, 300

40 DO 5h I=I,KA

O = B(K3,1)

B(K3,II = BIK2,1)

8(K2.1) = O

SO CONTINUE

K2 • K_ + !

GO TA 20

100 KI = K3

K3 = K3 + I

K2 = K3 + I

IF(K3 - N) 120* 120, 200

120 O0 130 I=K3IKA

B(KI,I) • 8(KI,II/B(KI*KI)

|30 CONTINUE

DO 140 I=K3IN

DO IA0 J=K3,KA

8(I.J) • 8(I.J) - BfI.KI)*B(KIIJ)

140 CONTINUE

GO TO 20

200 C(N) • B(N.N÷I )/8(N.N)

K3 • N - I

_I0 KI = K3 + I

D - Oe

DO 220 I=KI,N

220 D = O + B(K3*I liC(1)

C(K3_ • B(K3,KA} -- O

K3 = K_ -- 1

IF(K_) 350t 350e 21h

300 TOt. = TOL/10 I

IF(TOL - loP-30) 320,310o310

310 K2 • K3 + I

GO TO 20

320 CONTINUE

350 CONTINUE

NM! • N m 1

DO 360 lel,Nhl

O0 3_0 JeIiN

360 DXMATII,J) = DBLE(XMAT(I.J))

DO 3?0 I'I.NMI

OXTRIM(1) - Oe0D0

DO 3_0 J'I.N

OXTRIM(I) • OXTRIM(1) + DXMAT(I.J)*C(J)

3?0 CONTINUE

DO 3R0 J'I.NMI

380 XTRI_(JI " SNGL(DXTRIM(J))

00 390 J'I,N

390 CC(JI = SNGL(C(J))

RETUI_N

END
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TAIL

Subroutine TAIL contains the equations and functions used to calculate the forces

and moments generated due to the tail rotor and the horizontal and vertical stabilizers.

General tail velocities are also computed to account for downwash velocities and angular

rates (refs. 1 and 2 and appendix A).

Compute Downwash and
Tail Area Velocities

Yes

No

A

Compute Cyclic Longi-
tudinal Stick Input

Compute Elevator Angle, Stabilizer Angles of
Attack and Sideslip, Stabilizer Functions,
Stabilizer Forces, and Tail Rotor Side Force

94



SUBROUTINE TAIL

PROGRAM COMPUTES FORCES AND MOMENTS DUE TO

TAIL ROTOR. HO_]ZONTAL_ AND VERTICAL STA-

BILIZE_° GENEraL TAIL VELOCITIES AGE

ALSO COMPUTED

REAL IriS• IVS

LOGICAL LDIS]. LDIEO

COMMON

X /]NTCOMM/

X

X I_EALTIM/

X

X

COMMON

X /FCNNAME/

X

X

X /FUNCS /

X

X

X

X

X

X

COMMON

X /AOV C /

X /CNTL P /

X

X /CONT_L/

X /FU_ C /

X

X /F N M P/

X

X /STICKS /

X /TAIL C /

X

X /TAIL P/

TYPE STATEMENTS AND DIMENSIONED VARIABLES

INTEGRATION COMMUNICATION

T . DT . INT . NEO .

ISCHEME, DE_INT(2.12)

ADC(32), DAC(64)• LOIEIIIOS}. LDISO{I9_)•

NODE_ • NHOLD • N_ESET • NTE_M

NP_INT • NREAO

_U_OUTINE COMMUN|CAT|ON

CLFI • CMF! • CNFI I CXI • C×2 _ CYT_

CYF • CZF t CXW _ CZW • CYV_ _ CZI$

CDSIY • CLSIY . _W • GEV . GEH

FOOI(2B)_ F00_(28}_ F_03II_}• FO0_(14I. FO0_{I_}

F_06(28)• _0_7(1A)• F_08(78)• E_Dg(14I• E0]_(28)

FOll(351q _0131071. FOI_(O?)_ F015(071• D_IB(27)

DDO](09)• D_OZI09}. D_O3(Og)q D004{091• D005(_9}

0006(09)• 0007(09)• OOOBI09). D_9(_I_ 0_I0(_9)

DOI?(]8)• F016(]%.I_)_ FOI?(_°IO)• FOI_(?_3._

OMEG

AOSCO

XCSG

AOS

×F

XW

DX

DZTP

×AOS

ALFHS

WHS

CKTRI

WlM

AI SCO

XTRG

AIS

YF

WlWM

DX_S

DZVS

YCS

BTVS

YTR

CKT_2

VT

_ISCO

XAOSR . YCS_

RIS • THTQ

7F • LF

ZW ALFF

DXT_ . O×VS

OXW • _ZW

XCS • XT_

ZHS ° YVS

DELE

_HS • IVS

EO_J I VALENCES

• OV I OL _ ASPD

• THTRCO. XAOSG • YCSG

XCS_ ° XT_

OMEGD

MF • NF

BET_ AL_W

DZ

VTR

• SZHS , SYVS

EQUIVALENCE

X {OE_INT(%• 2)•0

X (DERINT(I_ 3),_

X (DE_INTII• ?)•U

× (DE_INT(I• B)•V

X (OERINTII. 9)_W

COMPUTE DOwNWASH AS A FLINCTION OF

FORWARD VELOCITY

UP = U

[FIUP,LE.O_OO} UP:O_OO0|

IF((IP°GEII52iO! UP=tEt.gq9

CALL FUNCI(FOI3•DOI3•U_)

OW = DOI3(ll

COMPUTE TAIL AREA VELOCITIES

VTP = V - (DXT_ - DX)_

WMS = W + IDXHS - DX)*O - _WtWIM - wlwM

COMPUTE STABILIZE_ ANGLES OF ATTACK

_HO_Q ST_B, MODIFIED _Y ELEVATOr)

I_(LDISI(3?)) ×CS = (BIS_DPR - BISCOI/×CSG

DELE = (10oG8_2 - _60_05tXCS + O,2_4_XCS_XCSI*_RO

UL = U

IF(u.E_,O,) UL = .ODO01

ALFH_ = ATAN2(WHS_UL) + C_T_I*OELE + IHS

BTVS = ATAN2(VT_UL_ + IV_

WHITE LIGHT 16 O_ 17 ON INDICATES

ALFHS O_ _TVS _ESPECTIVELY IS BEYOND

SET LIMITS

LDISO(??I = .F_

IF(_LFHS.LT_-3el2,0_oALFHSoGT,3,1_) LDTSO(?61 = oT,
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IF-(m_TVS,LT,-3,06,0Q,mTVS,GT,3,06} Lr)ISO(??I = ,T,

COMDLJTE CYVS, CZHS

ALPMSP=ALFHS

BTVSP : BTVS

AL_SGN= SIGN(I,,ALFHSP)

BTVSGN= SIGN(I,,BTVSP )

ALFHSP= ABS{ALFHS)

BTVSP : ABS(BTvS)

IF(STVSP.LE,0,00) BTVqO=0,0_01

IFIBTVSP,GE,3,06) BTVSD=3,0%g9

IF(ALFHSP,LE,0,00) AL_HSm=O,O001

IF(AL_HSD,GE,3.12) ALrNSO=3,1199

CALL FONCI (m010,D010,BTVSD)

CALL _UNCI (_011,D011,ALmHq p)

CYVS = D0[0(1)*_TVqGN

CZ_m : D011 (I I*ALFSGN

COMPUTE STARILIZ_Q _ORCFS

YVS = QL_SYVS*CYVS

ZMS = Qv_SZHS*CZMS

WHITF LIGHT 20 ON [N3ICATrq [J, VT_, OP

THTQ BEYOND LIMITS ql;NEN Cm_DI;TI_I_ CYTO

LDIRO(BO) = ,_,

IF(VTR ,LT.-20,0,OQ,VT_ ,GT.20,m)

IFIU ,LT, 00,0,O_,U ,GT,360,)

I_(THTR,LT,-,353,0Q,THT#,GT,.432)

LOISO(BO) = ,T,

LDISO(80) = .T.

LOISO(BO) = oT,

COMPUTE TAIL ROTO_ qIDE FORCE

UP = U

VT_D = VT_

THT_P = THTR

IF(UP,LE,0,00}

IF(Um,GE.360,0)

IFIVT_P,LE,-80, }

[FIVT_D,GE, 80, )

IC(THTRP,LE,-.353)

I_(THTRP.GE. .4321

Up=,000!

UP=359,999

VTRP=-19,999

VT#P: 19,999

THT#P:-,3529

THTR#: ,4319

CALL FUNC3(FOIS,DCI8,THT_#,VT_P,Up)

CYT_ = DO18(11

YTP = CKT_2_CYT_
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TRANFN1

Subroutine TRANFN1 contains the equations used to compute the values of the first

of two transfer functions which make up the total SAS transfer function.

TRANFNI(CNTC, CNTCL, C1, C2, CNTS1, X1TN,X2TN) )

< ca,,PO>
Compute

I XITN, X2TN, CNTSI I

,l

SUB#OUTINE T#ANFNI (CNTC,CNTCL,CI ,C2,CNTS| ,×|TNq×2TN)

SUBROUTINE COMPUTES VALUES OF THE

FIRST TRANSFER FUNCTION

TYPE STATEMENTS AND DIMENSIONE_ VA_IAeLES

LOGICAL NEEDPTS

INTEGRATION COMMUNICATION

COMMON

X

X

/INTCOMM/ T t DT • INT o NEO ,

ISCHEMEt DE_INT(2, 12)

CNTDL = (CNTC-CNTCL)/DT

NEEORTS = .F,

RTYPE = lo0

_OOTI = -0,4

ROOT2 = -I./C2

CALL PQ(ROOTI,#OOT2,RTYPE,NEED_TS,Oll ,012,_21 ,#22,011,012,021 _022)
XITL = XITN

X2TL = X2TN

X1TN = Pl I_×ITL + PI2_X2TL + Ol I_CNTCL + O12_CNTDL

X2TN = P21_X1TL + P22_X2TL + Q21_CNTCL + Q22_CNTDL

CNTS1 = Cl/(2o_C2)*Y2TN

RETLI#N

END
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TRANFN2

Subroutine TRANFN2 contains the equations used to compute the values of the sec-

ond of two transfer functions which make up the total SAS transfer function.

TRANFN2(ANG,ANGL,ANGDL,C1,C2,C3,C4,CNTS2,X1,X2, X3) )

1
(R uRN)

C

C

C

C

C

C

C

C
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SUBQOUTINE TRANFN2(ANG,ANGL_ANGDL,C1 ,C2,C3,C4_CNTS2$XI ,_2,X3)

SUBROUTINE COMPUTFS VALUES OF TH_

SECOND TRANSFF_ FUNCTION

INTEGRATION COMMUNIr_TIO_

COMMON

X

X

/INTCOMM/ T , DT , INT , NE0 ,

[SCHEME, OE_INT(2,12)

Xl (XX,XP,XQI,XQ2) = XP*XX + XQI*ANGL +

YI (TC,XJ,AI) : (ANG - I,/TC*×J)*AI

A_ = 2,5

AI = (CI*(C2-AP)I/{A_*{AP-C3}*(AP-C4))

A2 = (CI*(C2-C3)}/(C3.(C3-A_*(C3-C4))

A3 = (CI*(C2-Ca) )/(C4_(C4-C3)_(C4-_P) )

XQ2*ANGDL

CALL POl (I,/A_,_,QI,Q2)

XI = XI (×I,P,QI ,Q2)

CALL PQI (I,IC3,m,01,02)

X2 = ×I (X2,_,QI,Q2)

CALL PQI (I,/C4,P,Ol ,02)

X3 = XI (X3,_,Q1,Q2)

Y1 = YI (A#,X1,A1 }

Y2 = YI (C3,X2,A2}

Y3 = YI (C4,X3,A3}

CNTS2 = Y! + Y2 + Y3

RETURN

END



TRIMDER

Subroutine TRIMDER is used by the trim circuit algorithm and executes all subrou-

tines necessary to compute the trim equations (ref. 6 and appendix D).

TRIMDER

Call AEROVAR

Call FUS

Call TAIL

Call MAINROT

Call ENGINE

Call F AND M

Call BODYDER

Call EARTHM

SUBROUTINE T_IMOE_

CALL AEROVAR

CALL FUS

CALL TAIL

CALL MAINI_OT

CALL ENGINE

CALL F AND M

CALL BODYDER

CALL EARTH M

RETURN

_:)ROGRAM EXECUTES ALL SUBROUTINES NECESSARY

TO COMPUTE THE TRIM EQUATIONS
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XMATRIX

Subroutine XMATRIX is used by the trim circuit algorithm and sets up a matrix of

independent trim parameters with the first column being XTRIM, the second column being

XTRIM with a perturbation on the first element, etc. (ref. 6 and appendix D).

i

(XMA,R,X,XT,)

Set Up Matrix of Independent Trim Parameters
Let Column 1 =XTRIM, Column 2 = XTRIM + Perturbation
on First Element, etc.

SUF_oUT INF" ).:'IVAT_[ X(XT)

P_OG_AM SFT_ L)__ A MATRIX OF IND_PFNDENT

T_fM PARAMETERS VJITH THF FIRST COLUMN

BEING XT_IM_ THE S_COND tIEING _T_|M WITH

A PErTUrBATION ON THF clqST EL_X_NT.FTC.

TYPE STATEMENTr_ ANf) DIMENSIONFr_ VA_IA.'gLES

DIMFNSIObJ ×T(] I )

.5( I,'-!RO uT I NF COMP.'_'.4[C:ATION

COMMON

X /TK:'I,M_IT/ ),:'MATI } ] ,,]2) q EMAT C 12. 13),m

× NF(;Pl _ NEt)D? .

T$2S[JM ( 12 ) •

×MATG( l 1 )

NE (,;N •

DO 100 I = I ,NEQN

DO 1 '],0 J : I ,NEQ°I

XMAT(I,J) -_ XT( Z )

1 C]O CONT [NtJE

_O :_qO J = ] _KIFQN

XM. AT(J,,J+i _ : X".I,_TG(J)*XT{J)

IF (XT(J)eEQ.©.O) X_.'_AT{.J*J+ "l )

2©; CONT]NUE

= .QCI
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XVAL

SubroutineXVAL is usedby the trim circuit algorithm and sets XTRIM to the val-
ues in XMATRIX to generate n + 1 equations where n = number of trim equations

(ref. 6 and appendix D).

XVAL(XT, NCOL) )

I
Set XTRIM to Values I
in XMATR IX I

C

C

C

C

SUB#OUTINE ×VAL(XT,NCOL)

PROGRAM SETS XTRIM TO THE VALUES IN

XMAT_IX TO GENERATE N + l EQUATION_

TYPE STATEMENTS AND DIMENSIONED VARIABLES

DIMENSION XT(I 1 )

SUBROUTINE COMMUNICATION

COMMON

X /TRIMAT/ XMAT(II _12) _ EMAT(12,13) _ TRSuM(12), NEON.

X NEOPl , NEOn2 , xMATG(I i )

DO I00 J = I,NEQN

XT(J) = XMAT(JqNCOL}

i00 CONTINUE

_ETuBN

END
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PROGRAM USAGE

This section of the report describes the input data (BLOCK DATA and function data),

the program setup, and the procedures for obtaining a static check, dynamic check, and

cockpit checkout. Also included are console and cockpit running procedures.

Input Data Description

The function data are loaded into the program on data cards using a FORTRAN IV

READ statement and a 7F10.0 format. All other input parameters are loaded in the

FORTRAN IV BLOCK DATA subprogram. This subprogram assigns constant values to

variables by use of the FORTRAN IV DATA statement. These values are then transferred

to other subroutines through labeled COMMON. The BLOCK DATA input parameters are

listed as follows with their appropriate COMMON label and typical value. Input parame-

ters for function generation are also stored in the BLOCK DATA subprogram.

COMMON FORTRAN Input value
label variable

/ADV P/ ADVPI 0.000328

ADVP2 3.0

/CNTL P/ AOSC0 8.5

AISC0 - 10.8

BISC0 - 13.2

THTRC0 23.0

XAOSG 0.92

YCSG 1.85

XCSG 2.81

XTRG - 5.00

XAOSR 13.3
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C OMMON FORTRAN
label variable Input value

/CNTL P/

/ENG P/

/r N M P/

/FUS e/

YCSR

XCSR

XTRR

IROT

CKEI

DX

DXHS

DXTR

DXVS

DZ

DZTR

DZVS

DXW

DZW

IR

CLF2

CMF2

CNF2

CKRF

9.6

9.6

6.0

2 820.0

10 529.0

-0.5125

16.55

26.75

25.08

7.584

2.863

4.40

-0.67

7.554

0.0

-20.0

0.0

-30.0

0.50
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COMMON FORTRAN
label variable

/FUS P/

/GPARAM/

/RCOEFF/

C KW1WM

IW

VLF

VMF

VNF

SXF 1

SXF2

SYF

SZF

SXW

SZW

DELT

RHO

G

PIE

CKL(1)

CKL(2)

CKL(3)

Input value

0.0

0.244

100.0

100.0

100.0

10.0

10.0

10.0

10.0

27.8

27.8

0.03125

0.00238

32.2

3.14159

5.32

4.95

4.35
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COMMON FORTRAN Input value
label variable

/RC OE F F/ CKI)(1)

CKD(2)

CKD(3)

CKQ(1)

CKQ(2)

CKQ(3)

CKDL(1)

CKDL(2)

CKDL(3)

CKQL(1)

CKQL(2)

CKQL(3)

C K]VI(1)

CKM(2)

CKM(3)

Y(1)

Y(2)

Y(3)

5.32

4.95

4.35

52.68

70.79

92.57

5.32

4.95

4.35

52.68

70.79

92.57

52.68

70.79

92.57

9.90

14.30

18.70
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COMMON FORTRAN
label variable Inputvalue

/RCOEFF/ WF(1)

WF(2)

1.0

1.0

/ROT P/

WF(3)

TWIST

1.0

-0.175

FMRS 0.0

CKAO 0.000704

CKABI 0.000704

CKAB2 1.0

CKAB3 0.0

NRAD 3

NAZ 4

NB 2

RB 22.0

EFH 0.0

/SAS p/ AICI

AIC2

AIKI

AIK2
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COMMON FORTRAN Input value
label variable

p/

/SHIP P/

A1K3

A1K4

B1C1

B1C2

B1K1

B1K2

B1K3

B1K4

THC 1

THC2

THK1

THK2

THK3

THK4

IXX

IYY

IZZ

MASS

2 530.0

11 716.0

10 164.0

274.0
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COMMON FORT RAN Input value
label variable

/TAIL P/ CKTRI

C KTR2

1.0

4 000.0

IHS 0.0

IVS -0.0785

SZHS 13.5

SYVS 22.5
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_l_C_ _ATA

8LOC_ DATA SUBP_OGQ_M ASSIGNS VALUES

FO_ mA_AMETE_5 IN LASELLEO CO_ON

TYOE STATEMENTS AND DI_ENSIONE_ VAPIA_LE5

Q_AL I_, fW, :_S, IVC, I_OT, IX×, IYY" TZT, MA_$

SUBROUTINE COMMUNICATION

COMMON

X /AOV P I

X /CNTL P I

X

X /ENG P I

X IF N M O/

X

X

×

X /GmA_AM/

COMMON

X /_COEF_ /

X

X /_OT P /

X

X

X /SHIP _/ IX_

/TAIL P/ C_T_I

rOMM_N

X

X

X

X

X

X

X

ADVD]

AOSCO

XCS_

tROT

DX

DZT_

CL_

VLF

SZ_

DELt

CKL(201,

TWI_T ,

NRA_ ,

AIC_

qlC1 * mlC2 , _IKI

THCI , T_C_ , T_KI

• IYY , IZZ

• CKT_2 , IHS

ADVR2

AlSCO . 81SCO

XTRG • XAOS_

C_EI

OXHS _XTR

DZVS DXW

CM_ CNF2

VMF VN_

_W _ZW

_HO G

• THT_CO, XAOSG • YCSG

• YCSR , XCSR • XT_

, OXVS • DZ

. DZW • I_

• CK_F • C_I_M• IW

• SX_I , _X_ • SYF

CKD(20)• CKO(_O)• C_OL(2OIt CKQL(20),

Y(2_) • WF(20)

_W_S , CKAO

NAZ , NB

CKA8| * CKA_2 • CKAB3 t

RB . EFH

AIK_ , AIK_ . AIK_

TH<? , THK_ • THK4

IVS • SZH_ • SYVS

/FUNCS / F001(28) F002(28), FOO3(Ia)• FOOA(IA). FOOS(IA)

F006(_8} FOOT(IA)• FOOS(_St, Foog(IA), F010(28)

_Oll(3_J F013(07_, _014(07}, F015(07}_ 0018(27_

O001(09) 0002(09)• 0003(09)• DO0_(O_}• DO0_(09)

DO0_(09) 0007(09)• D008(09}• DO091_)• 0010(09}

DOll(09) 0013(09), DOI_(09), 0015{0_}o D016(181

DOI_(18) F016(35,10), _017(3_,I0), _018(?,3•A)

TH_ FOLLOWING OATA IS _OR C_A

DATA SOURCE IS TECHNICAL _EPORI

/ADVm /--AERODYNAMIC _ARAMETERS

DATA

I AOVml / 3,_8E-4 /, ADVR_ / 3•0

/CNTL _ /--CONTROL 5TIC_ mA_A_ETE_S

DATA

T_T_CO/ 23, /• XAOSG / 0,9_ /, YCSG / 1,85 /,

3 XCS_ / 2,81 /, XTWG / -5,_0 /, XAOS_ / 13.2 /•

YCSR / 9,6 /• XCS_ / 9•6 /• XT_R / 650 /

/ EN_ P /--ENGINE PAramETErS

_ATA

/F N _ P/--PARAMETEPK FO_ CALCULATION OF RO_CES AND MOMENTS

DATA

IR / 0,00 /

/ FUq P /--FUSELAGE pARAMETERS

_ATA

I ELF_ / -_0,0 /, C_R2 / OtO /* CNF2 / -30,0 /,

3 VLF / 100. /• VMF / 1_0, /• VNE / I00, /,

A _X_I / 10_0 /• SXF2 / 10,_ /, SYE / I_,0 /,

_Z_ / 10,0 /• SXW / 27_8 /, SZW / _?.8 /

/GRARAM /--GENERAL mA_AMETE_S

DATA

I OELT / 0,03125 /, @HO / 0,00238

2 mIE / _,lAl_9 /

/, G / 3a,_ /•
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/_COFFFI----MAIN _OTOR ELEMENTAL LIFT ANO D_AG COEFFICIENTS

DATA IS FO_ 3 ELEMENT _OTOR

DATA

I C_LIII/ _,32 /, CKL(21/ 4,9_ /, CK'L{3)/ 4,3_ /,

2 CKD(1)/ _,32 /, CKO(2I/ a,9_ /, CKDI3I/ Ao3_ /,

3 CKQ(1)/ _2o68 /, CKQ(2}/ 70,79 /, CKQI3)/ g2,57 /,

ACKDLIII/ _,32 /,CKDL(2)/ A,9_ /,CKDL(3I/ A.3_ /,

_CK(_-(II/ _2.68 /,_OL(2)/ 70,79 /,CKOL(3I/ 92,_7 /,

6 CK_(1)/ _2.68 /, CKM(2)/ ?0,79 /, C_H(3I/ 92,57 /,

T Y(II/ 9.90 /, Y(2J/ IAo30 /, Y(3)/ 18,70 /,

8 WF(II/ I,O /, W_(2)/ I_ /, WFI_)/ 1,0 /

/ QOT P /--MAIN qOTO_ PARAMETERS

DATA

1 TWI_T /-011?_ /o FMRS /OI0 /,

2 CKAD / ?,0AE-4 /, CKAB1 / 7_0AE-A /, CKAB2 / 1,0 /,

3 CKAm3 / 0,0 /, NRA0 / 3 /, NAZ / A /,

4 N_ / 2 /, RB / 22,0 /, E_H / 0,0 /

/SAS P /--SAS GAINS _ND TIME CONSTANTS

_ATA

I AIC! / /, AIC2 / /, A|KI / /,

2 AIK_ / /, AIK_ / /, Al_A / /,

3 BICI / /, 81C_ / /, RI_I / /,

4 BIK_ / /, BIKI / /, BIKA / /,

THCI / /, T_22 / /, THKI / /,

6 THK_ / /, T_K_ / /, THK4 / /

/SHIP P /--INERTIA AND MASS PArAMeTERS

DATA

1 IXX / 2_3010 /, IVY / 11716i0 /, IZZ / 10164a0 /.

/TAIL P /--TAIL QOTOP AND STABILIZER PARAMETERS

_ATA

I CKT_I / ll0 /o CKT_ / A000, /_ IHS / 0_0 /i

2 IVS / -,O?e_ /, SZHS / 13_ /, SYVS / 22,_ /

INTERNAL DATA FO_ FUNCTION GENERATION

DATA (DOOI(IONEIIION_=_,g)/

I-_,6_000E-01, 3,1_00mE+00, 3,1_000E+00, 2160000E-01, 3,I_000E_00,

I _,6_00OE-01, 0, , 0, /

C

DATA ID00_(IONE),ION_=2.91/

I ?,8A000E-01, 1,0000OE+00,-O, • A,g0000E-02, 2.67_00E+9_.

I _,I_000E-01, 3,_g00_E*00, 2.?O000E-01/

C

DATA (D003IIONE)_ION_=2.g)/

I-_,6OOOOE-OI, 0_ • 3,1_000E+CO, _.600OOE-0], _.I_00OE+Om,

I _,6nOOOE-Ol_ O, , O, /

C

DATA (DOOIIIONE)IIONe_2,9)/

I-2,6_000E-01, 0, , 3,120neE+00, 2,6000OE-Ol, 3,12000E+0_,

I _,6000OE-01, _, • 0, /

C

DATA (00OSIIONE),ION_=_,g)/

l-_.6_00OE-01, 0, • 3,12000E*00, _,_0000E-01, 3,12000E+0n,

I 2.60000E-01, 0, , 0, /

C

DATA (0006IICN_E),ION_¢_,gI/

] ?,BA000E-0], le0000_E&00,-0, , 4,g000_E-0_, _e67_00E+0e,

] _,I6000E-011 3,_900_E_00, 2,70000E-01/

C

DATA I_00_(IONEIeION_=aigl/

l-_,6h0OOE-0I, 0, , 3,12000E÷00, _,60000E-01, 3,1_000E+00,

l _,6nO0OE-01, 0, , 0, /

C

DATA (D00BIIONE),ION_'_ig)/

l 7,Sa000E-01, |,0000_E+00,-0, , a,900OOE-0_, _i67_00E÷00o

I _,160cDr-ol, 3,_900_E÷00, ?,?0000E-0I/

c

DATA (D009IIONEI_ION_=2,9)/

I-_.60000E-01, 0, , _,I2000E÷00, 2,60000E-0I, 3.1_000E÷0_,

l _.6h000E-01, 0, , 0, /

DATA (D01_IION_),IONF:_*g_/

I I*6_00OE÷00, _,_00eE÷00,-0, , I,n00OOE-01, 8.3_000_+00,

I 6._O0O0E-01, 1,3_000E_00, _,I0000E-0|/
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DATA (O0l 1(lONE)4 ION_=2,g)/

! 4oVt000E-0l, 5,1000OE-01,-0, , 4,?|000E-01,-4,]2000E-Ol,

! 3,90000E-O2*-B,30000E-OI, 9.00000E-02/

DATA (DOI3(IONE),ION_-2,g)/

] 1,4OO00E+O|, ],40000E+O|,-O, • 7,O0000E+O0, 2,60000E+01,

1 2,00000E+O|, 3,2000_F+02, I,I8000_+02/

DATa (DO]a(IONE),ION_=2,9)/

] 3,30000E+0l, |,O000nE+O2,-O, , 3.30000E+01, 3,40000E+0],

] 6,70000E+0|, |.OO00mE+02, |.O0000E+02/

DATA (D01_(IONE). ION_=2,gl/

! 1.00000E+01. 5.0000nE+0I.-0.

I 2,0_000E+01, O, , O,

, l.O0000E+Ol, I,O0000E+OI,

/

DATA (DOI6(|TWO), ITWh=2,18)/

1 5,0_050E-01, 5.0605mE-01, _.06050E-0|, 3,49000E-02, O. ,

| O, , O, , O. , 3,_0000E+01, 1,10000E*03,

1 I,IO000F÷O3,-I,IOOOnE+O2, 1.|O000F+Oa, O, , O, ,

1 O, , O, /

DATA (DOIT(ITWO),ITW_=2,18)/

] 5,06050E-01, 5,06050E-0|, 5,060_0E-0|, 3,49000E-02, O,

| O, • O, , O, , 3,50000E+0l, |,IO000E+03,

1 I,IO000E+O3,-I,IOOO_E+02, I.IO000E+O2, O, , O, ,

1 O, , _, /

DATA (DOIS(ITHREE),ITHREE*2,27)/

-9.20000E-02, 8,4000hE-02, 3,53000E-01, 2,61000E-01, 1,80000E-01,

8.ShOOOE-02, 9,6000hE-O|, 3,48000E-0], 7,00000E+O0, _,O0000E+O],

2.0_000E+01, 2,0000mE+Of, 2,00000E+OI, Oo , O, ,

O, , O° , 3,00000E+O0, 3,60000E+02, 3,60000E+02,

-0, , 1,200ONE+02, O, • O° , O, ,

O, /

END
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Function Data Inputs

-,0_038_ -•28538 -,_440_ -,7_308 -.79846

-,69404 -e66849 -J6_61_ -142655 -,1_774

.73487 ,85767 ,96_8_ •96040 °9%042

,5380_ ,34481 ,1776g *0126g

-I,0400 -l.0540 -I,0680 -1,1010 -I,1371

-1,3!21 -1•3_80 -I,3!_8 -I,3_35 -t,3_13

-1,394_ -1.3023 -1.300_ -1,0809 -0.8!88

1,0900 1,3200 1,320_ 1•2007 I•0841

• 23077 3,2308 _*0000 6.0000 6,0000

6,0000 6•0000 6,0000 _,9793 4.t_79

,0711_4 .99615 1,q35_ 3.0327 3.852g

3,9221 3,8179 2*97_! 1.837g ,70389

-0,18846 -2,6385 -5.0296 -6,6927 -7,7_77

-8•2750 -7,8627 -6.6058 -4,9015 -2*43|3

0°0000 -,023333 -•0466_7 -•10439 -,16785

-.57121 -*59009 -,_900_ -*_9000 -•590_0

-,59000 -.59000 -.5900_ -.4423_ -,23112

,37654 .59000 ._000 .34484 ,09968

• _3_46 3•33_5 6,259_ 7,0238 7.6349

7,9973 7,6468 6.7_74 _•0648 _.8779

-*00500 •0066_67 •0183_3 ,044098 ,07_t3

• 29_1_ ,34B4_ ,3922_ .43612 ,47995

,61144 ,65_28 .6991_ ,61887 ,3_240

-.5_846 -,70000 -,6000n -,13508 ,329_

• 95000 ,70000 1,318_ 1,_462 1,4442

1,3g_8 1•_5_8 1,5_2 _,2948 ,843_t

0.0000 -,24393 -.48_67 -.73000 -,79_0

-.93000 -,_3000 -,9267_ -.8_437 -,86197

-,?_479 -.73239 -.70000 -.93000 -.93000

-,14240

0.0000 -t,4100 -I,4064 -t•3980 -1,3896

-1.3_40 -1,3300 -1,3060 -1,2B20 -1,2580

-1°2_91 -1o2_e2 -I,2_74 -1.2_6_ -1,30_6

-1.3_30 -1•3762 -1,342_ -I,3981 -1,2_al

-0•7_5|! -0*52766 -0•_90_1 -,0_766

1,0 ,7 ,34 ,16 O,

1,0 ,_ O, O,

o6_ ._3 ,50_ ,A_ *406

• 0_ .013 ,01! .010 •009

• 008 ,00_ ,008 *098 ,099

• 01_ ,0_ .130 °3_! ,406

• 622 •563 ,508 .4_ ,406

• 0_2 ,013 ,Oil ,010 *009

• 008 ,008 ,008 ,008 .009

• 01_ ,0_2 ,130 ,3_1 .406

• 6_2 ,564 ,508 ,4_6 ,40_

,_ ,013 •01! •OlO .099

,008 ,008 ,098 ,008 *0_9

,013 ,0_2 •)30 ,3_1 ,406

• 6_3 ._65 ,509 ,4_6 .407

,112 .044 ,011 ,OlO ,099

,008 .008 ,008 ,008 .009

• 044 ,112 ,180 .3_1 ,407

• 6_6 ._67 •51! ,457 *407

• _1_ °1_4 •076 *010 ,009

.008 .ooe ,ooe .00_ ,009

,144 ,21_ ,_80 ,3_1 •4_7

• 63_ ,571 ,5|4 ,459 ,409

.312 ,244 ,176 ,108 ,041

,008 •008 ,008 .008 ,041

,244 .31_ .340 •_2 ,_09

,_71 •632

• 640 ._TB ,519 ,46_ ,411

,340 ,340 ,276 •208 ,141

.008 •008 ,008 .074 ,141

• 340 ,340 ,3_0 .3_ ,411

._7e ,640

• 65_ •588 ,527 .468 ,414

o_40 .340 ,340 .398 •2_1

.04! ,04! ,107 .174 ,241

,340 ,340 .340 ,3_ ,414

,5_8 ,6_3

,672 ,_03 .538 ,4?6 ,418

,340 ,340 .340 .340 .340

,141 ,]41 .20? .274 ,3_0

,340 ,340 .340 ,3_5 ,418

• 60_ ,672

• 340 ,340 .340 .340 •340

,_40 ,340 ,340 ,340 ,340

,_4_ ,340 .340 ,_6v ,4_

• 624 ,_

-o758A6

.1_600

.84925

-1,1836

-1,3090

-0,4_778

6.0000

•00

3o9279

,00
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Program Setup

The program deck is read into the computer after selecting the RESETmodeand
bothRELEASEswitches on the program control console (fig. l(b)). Whenreal-time sta-
tus is achieved, the READmodeis selectedto store variables for printed outputfollowed
by depression of the lower RELEASEswitch. The check cases are then run before further

use of the helicopter simulation program.

The static check is initiated by depressing Function Sense Switch 6 (LDISI(38)), fol-

lowed by selection of the READ mode and the lower RELEASE switch (fig. l(b)). With an

untrimmed (148.16 km/hr (80 knots)) condition selected, the simulation is momentarily

placer in the HOLD mode and then in the OPERATE mode for approximately 1 second.

Data are then printed by selecting the PRINT mode followed by depression of the lower

RELEASE switch. The values at time equal zero (t = 0) are used for comparison with

those listed in table I. With successful completion of the static check, the analyst is

ready to conduct the dynamic check.

Before executing the dynamic check, the strip chart recorders should be set up as

detailed on the overlay plots for each control perturbation selected. (See figs. 2, 3, and

4.) The dynamic response of the simulation is verified by imposing a doublet perturba-

tion equivalent to a 2.54-centimeter (1 inch) stick deflection on each of three control

inputs, that is, A1Sc, B1Sc, and _TR C.

Function Sense Switch 1 (LDISI(33)) is depressed and the desired control deflection

The values equivalentis input by entering the value in the appropriate TABLE location.

to a 2.54-centimeter (1 inch) stick deflection are as follows:

A1SSTEP (TABLE(60)) _ 0.032 radian for a perturbation on A1S C

B1SSTEP (TABLE(61)) = 0.049 radian for a perturbation on B1S C

THTRSTP (TABLE(62)) = 0.087 radian for a perturbation on 0TR C

The simulation is placed in the HOLD mode for a few seconds and then in the

OPERATE mode for approximately 20 seconds for each of the three control perturba-

tions. Output of the strip chart recorders can then be compared with the appropriate

independent check overlay plots. (See figs. 2, 3, and 4.) Strip chart recorders are then

reset for normal recording of data. With successful completion of the dynamic check,

the analyst is ready to conduct the cockpit checkout. If no cockpit is desired, the analyst

is ready to conduct test cases from the program control console.

Cockpit Checkout

After the static and dynamic checks have been executed, the simulation is now ready

for the cockpit checkout. Telephone communication between the cockpit and the program

control console is established and Function Sense Switches 12 and 13 (LDISI(44) and
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LDISI(45))are depressedto activate inputs to the computer from the cockpit. Function
SenseSwitch 10 (LDISI(42))is depressedfor several minutes to allow the cockpit engineer
to statically checkhis instruments. During this time, voltageson all cockpit instruments
(DAC(25)-DAC(40))are checkedon the digital decimal display unit for comparison with
those listed in table lI. Whenthe cockpit engineer is ready, Function SenseSwitch 10is
released and voltages for full deflections of the controls are checkedon the digital decimal
display unit for comparison with those listed in table IN. After the cockpit checkouthas
beensuccessfully completed, the simulation is ready for piloted test flights.

Console RunProcedure

Uponcompletion of the static and dynamic checks, the simulation program is ready
for the analyst to set uppreprogramed flights throughthe useof potentiometers repre-
senting the control sticks and pedals. The procedure is as follows:

Step 1: Select the RESETmode. All other switches shouldbe in release positions.

Step2: Selecta value for KNOTS(INTEG(6))from 1to 6 corresponding to the preset
conditions closest to the desired forward velocity in order to initialize the trim
circuit.

Step3: Input the desired forward velocity (TABLE(50))and altitude (TABLE(52)).

Step4: Activate the trim circuit by depressing Function SenseSwitch 5 (LDISI(37))until
White Light 1 (LDISO(61))illuminates. Then release Function SenseSwitch 5.

Step5: Set NSTICK0(INTEG(1))equal to 1; this allows control stick inputs from the
potentiometers located on the program control console.

Step6: Depress Function SenseSwitch 13 (LDISI(45))to activate subroutine ADCIN; this
allows control stick inputs to the main program.

Setpotentiometers 1, 2, 3, and4 until White Lights 21 through 24 (LDISO(81)-
LDISO(84))illuminate, respectively; this indicates that the controls are trimmed.

Selectone of the following variables and input the desired stick displacement in
inches to program the desired flight condition:

X1 (TABLE(84)) - collective stick
X2 (TABLE(85)) - lateral stick
X3 (TABLE(86)) - longitudinal stick
X4 (TABLE(87)) - tail rotor pedals

Thenset the time of input T1 (TABLE(88)) andthe time of removal of input
T2 (TABLE(89)).

The SASsystem may beactivated, if desired, by depressing Function Sense
Switch9 (LDISI(41)).

Step7:

Step8:

Step9:
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Step10: The simulation is nowready for the analyst to conducta test run. The HOLD
modeis depressedmomentarily and is followed by the OPERATEmodefor the
desired numberof seconds. At the completion of the run, the analyst depresses
the RESETswitch which returns the computer to the conditions at the beginning
of the run. Desired printout may be obtainedat this point by depressing the
PRINT switch and the lower RELEASEswitch. For samplestrip chart output,
seefigure 5.

Cockpit Run Procedure

Uponcompletion of all checkprocedures, the analyst is ready to set up the initial
conditions for the desired piloted flight cases. The procedure is as follows:

Step1: Selectthe RESETmode. All other switches shouldbe in release positions.

Step2: Selecta value for KNOTS(INTEG(6))from 1 to 6 correspondingto the preset
conditions closest to the desired forward velocity in order to initialize the trim
circuit.

Step3: Input the desired forward velocity (TABLE(50)) andaltitude (TABLE(52)).

Step4: Activate the trim circuit by depressingFunction SenseSwitch5 (LDISI(37))until
White Light 1 (LDISO(61))illuminates. Then release Fraction SenseSwitch5.

Step5: Depress Function SenseSwitch13 (LDISI(45))to activate subroutineADCIN; this
allows control stick inputs to the main program.

Step6: Depress Function SenseSwitch12 (LDISI(44))to allow cockpit control of the stick
inputs.

Step7: Pilot trims control sticks andpedals to program computedvalues. Cockpit trim
is reachedwhenWhite Lights 21 through 24 (LDISO(81)-LDISO(84))are illuminated.

Step8: Depress Function SenseSwitch 11 (LDISI(43))to activate cockpit control of com-
puter control modes, that is, RESET,HOLD,OPERATE.

Step9: The ,_ASsystem may be activated, if desired, by depressingFunction Sense
Switch 9 (LDISI(41))or by havingthe pilot depressthe SASswitch in the cockpit.

Step10:The simulation is nowready for flight runs with the pilot depressingthe HOLD
switch and then the OPERATEswitch. At the completion of a flight, the pilot
depresses the RESETswitch which returns the computer to the conditions at the
beginningof the flight. Desired printout may beobtainedat this point by depress-
ing the PRINT switch and then the lower RELEASE switch on the program control

console.
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PROGRAM VALIDATION

This section presents a comparison of the Langley simulation program (C 1152) with

the simulation program of reference 1. Figure 6 presents data XAOS, XCS , YCS,

XTR , and 0 from the Langley simulation program (Cl152), the simulation program of

reference 1, and an unpublished program based on reference 1 provided by the U.S. Army

Electronics Command, Fort Monmouth, New Jersey. The good match between the Langley

data and the reference 1 updated (unpublished) program data validates the implementation

of the simulation program onto the Langley RTS system.

CONCLUDING REMARKS

A man-in-the-loop real-time helicopter simulation program has been developed and

integrated with a suitable fixed-base cockpit by using the Langley Research Center real-

time simulation system. With minor changes to the mathematical model and detailed air-

craft data, this program can be used to simulate a variety of single-rotor helicopters.

This fact has been substantiated by a program presently being used in support of two

piloted studies of the Sikorsky S-61 helicopter, a commercial passenger-type helicopter.

One study concerns pilot workload, route structures, and Instrument Flight Rules (IFR)

procedures in congested areas. The second study concerns development and evaluation

of computer-generated pilot displays and instruments for approach and landing. In both

studies, the pilots' comments are favorable; that is, the simulation more than adequately

represents a general single-rotor helicopter.

Langley Research Center,

National Aeronautics and Space Administration,

Hampton, Va., February 27, 1974.
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APPEND_ A

AIRC RAFT EQUATIONS

This appendix contains the equations used in program HELIC. The equations are

listed according to the subroutines in which they are used along with references for their

source.

Control equations:

Subroutine ADCIN (ref. i)

AOS C =( 8.50+ 0.92XAos)RPD

A1Sc = (-10.8° + 1.85Ycs)RPD

B1Sc = (-13.2 ° + 2.81Xcs)RPD

0TRc = ( 23.0° - 5.0XTR)RPD

where RPD is the factor for converting degrees to radians.

General aerodynamic variable equations:

Subroutine AEROVAR (refs. 1 and 2)

_u 2 + v 2 + w 2
ASPD = 1.689

V T =lu2+v2+(w- WIM) 2

1
ADVP1 - --

- 2_RB2

1
ADVP 2 =

_. LMR

+ M) At
WI T
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Body derivative equations:

Subroutine BODYDER (refs. 1 and 2)

LA+(I_- I_z)qr
IXX

MA÷(Izz- I_)rp
Iyy

i- = N A + (Ixx- Iyy)pq

IZZ

4, = r cos 4, + q sin 4,
cos O

=q cos 4,- r sin 4,

4,=p+_,sin 8

X A
f_=_+rv- qw- gsin8

YA
;¢=_+pw- ru+gcos O sin 4,

Z A
=_+qu- pv+gcos 0 cos 4,

Earth orientation equations:

Subroutine EARTHM (refs. 1 and 2)

1_ = [u cos 0 + (v sin 4, + w cos 4_)sin O_eos _I,- (v cos 4,- w sin @)sin _I,
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= Eu cos _ + (v sin _ + w cos _)sin 0_sin q_+ (v cos _ - w sin _)cos

= u sin _ - (v sin 4_ + w cos 4_)cos

Engine equations:

Subroutine ENGINE (refs. 1 and 8)

QED = KEI(f_ D - _2) + QMR

QE = QE + (QED-QE)_

Qmax = 202.63158(h - 2500) + 412 500
f2

= QE - QMR

IROT

= e + #_At

QMR _
SHp = 550

GRWT

cT p( RB2)  RB)2

550SHp

QMR

=

1.689Asp D
_=

f2R B

1.689Asp D + f2R B

MTI p = VS
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Force and moment equations:

Subroutine FANDM (refs. I and 2)

X A = X F + X w + FXR

YA = YF + YTR + YVS + FyR

Z A = Z F + Z w+ ZHS- LMR

LA= LF+ Lpd_i + dzFyR + (d Z -dZTR)YTR + (dz- dZvs)YVs + IR_-q

_-- _+ _-_z_x_+_x_-(_z- _zw)Xw•(_Xw-_x)Zw

_--_+ _x_- (_x_.-_x)_- (_Xv_-_x)_vs+_.
X A

a x = _m

YA
ay =

-Z A
az= m

Fuselage equations:

Subroutine

aF=

FUS (refs. 1 and 2)

_ ___an-l(_)

O_W =aF+I w

LF = qLV/FC lF 1

M F = q-VYmFCmF1

+ upCIF 2

+ uqCmF2
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- + urCnF2N F = qLVnFCnF1

X F = qLSXFICXI + qVSXF2CX2

YF = qLSYFCYF

Z F = qVSZFCZF

Z w = _VSZw C Z w

X w = _vSXwCXw + IwZ w

WIW M = KWIwMUCZw

Main rotor equations:

Subroutine MAINROT (refs. 1 and 2)

1

KAo=FB

1

KAB 1 = FBB

1 + mBRB e

KAB 2 = IB

mBRBel2

KAB 3 - 21B

1
FMR S = _ NBmBRBe

_ = aOSS - _ 1SS cos _R - /_ISS sin _I,R

_= (_ 1SS sin _I,R - _ISS cos _R)g2

Wi_y = WIMWFy_.0 + WiFy(U cos _R

UT_ Y = YpEf_ + u sin _R + v cos ,I_R
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Up_,y

0,i,y = YTW + AOS - AIS cos q'R

Up_y

4'_I'Y = IJTq, y

c_,I,Y = aq, y + 4,_,y

LpDR i,y KLyC U 2= Lq, y Tq, y

DpDR_I, Y = KDyCDq, yU2 i,y -

= K_. C L U 2
MpDR_y _*,y _y _q,Y

QPDI_y = K_ C D U 2 -"_y _y _y

APPENDIX A

= YpEIq cos _R + p sin _R)- Y_ + w- _(u cos _R- v sin _R)- Wl_y

- B_s_i.%- (_oss- 0.043)

KDLy C L i,yUpq, yUTq, Y

KQLyC Lq,yUP_I,yUT _i,Y

<_oss\_AZA_2/

• , 9Ry
p KAB1

1SS = _ 1SS + & 1SS At

/31SS = _ISS + /31SS at

_R Y

FXR = \NAz/

sin q'R) - KAB2q + KAB3_31SS

cos _I,R)- KAB2 p - KAB3_IS s

cos qgR - DpDR_y sin ¢2R)
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_RY

Fy_--\NAZ/

LRH= \NAzi _(LpDR_y sin#R)

M,_=_t___;7_) _(_+ oo_)

LMR \ AZ/

(PNB _¢R Y

_ DpDR_I, Y cos ,I'R)

+ FMRSQ2_ISS

+ FMRS_2°t 1SS

Tail equations:

Subroutine TAIL (refs. 1 and 2)

VTR = v- (dXTR - dx)r

WHS = w + (dXHs- dX)q - DwWIM- WIWM

5E = 10.6852 ° - 2.0405Xcs + 0.2445X2cs

+KTR15E + IHS

_IVTR /
_¥S = tan- it'--d--- / + IVS

ZHS = q%SZHs CZHS

YVS = qLSYvsCYvs

YTR = KTR2CYTR
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INDEXING TECHNIQUE FOR FUNCTION GENERATION

By Lawrence E. Barker, Jr., and Kemper S. Kibler

Langley Research Center

This appendix gives the mathematical and programing details of the t,_chnique used

at Langley Research Center for the generation of aerodynamic functions for real-time

simulation (ref. 5). The FORTRAN code for the subroutines is given followed by a

description of the COMPASS version of this technique.

Since function generation represents the largest portion of the problem central

processing unit (CPU) time in real-time digital programs with a large amount of aero-

dynamic data, prime attention was given to developing a technique to reduce this time.

The mathematical description upon which this function method is based can be illus-

trated by the following sketches for an arbitrary function of two variables:

/

J

'z = f(x,y)

.. Xl 'Y 1)

-4;D i\ y
' \l ",d(x2'Y_) ., ,

I I/ I --/
I /l_- -I 7v

.....J,2.

f(Xl'Y2) ._._f(x2,Y2)

[ f(x,y) [

4_(x 1'Y-=--1) _[ f(x2,Yl)

I
I I
I I .

Xl x2 x

Sketch (a) - Three-dimensional view. Sketch (b) - Bottom view.

Contour lines where one of the variables is held constant are drawn, such as f(x,Yl) and

f(x,Y2). It is assumed that the values f(xl,Yl) corresponding to preselected grid points
are stored in some array and that the area of interest is the area marked with an asterisk.

The interpolated value of the function f(x,y) is obtained by performing a linear interpo-

lationbetween f(x,Yl) and f(x,Y2) where

x-x 1 _
f(x'Yl) = f(xl'Yl) + if'2 -_'l[f(x2'Yl) - f(xl'Yl)_ (B1)

125



APPENDIXB

x - xI

This interpolation can thenbewritten

(B3)

Equations (B1), (B2), and (B3) are sufficient to give the value for f(x,y) in the particular
area. For theseequationsto be of use they must be implementedto changeas the inde-
pendentvariables move to a newarea.

The methodis basedona setupassumingthe function for equal intervals of the inde-
pendentvariables. This will include most aerodynamicfunctions. A more generalized
techniquewouldbe to provide for several areas of equal intervals per independentvaria-
ble. The function techniquedescribed provides for three areas of equal intervals per
independentvariable. The areas andthe correspondinginterval for each area are
definedby an array. The generatedfunction value is returned through the first word in
this array. A FORTRANCALL STATEMENTis usedto pass the array of function val-
ues, the array of function parameters, andthe independentvariables to the FUNC
subroutine.

The key statement in the codingis the division in fixed point modeof the real
FORTRANvariable AX (or AY or AZ) by its equal increment. This division allows selec-
tion of the proper interpolation area without a search routine. For this function genera-
tion techniquethe execution time is independentof the numberof curves per function or
the number of points per curve. The function value of interest will be obtainedby linear
interpolation betweenthe stored datavalues by equationssimilar to equations(B1), (B2),
and (B3). These equationsare implementedin another form to be more efficient. The
implementedFORTRANequationsfor function of two variables are

G1 = TX*FUNC(I1,J1) + SX*FUNC(I2,J1) (B4)

G2 = TX *FUNC (I1,J2) + SX*FUNC (I2,J2) (B5)

RESULT = G1 + (AY/DELY - JS)*(G2 - GI) (B6)

where

and

SX = AX/DELS - IS

TX = (1.0 - SX)
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EXAMPLE: Consider the function of two variables defined in sketch (c). For this exam-

ple, the independent variable X is divided into three areas. These areas are subdivided

into equal segments.

YAREA3

Y=15 _YAREA2

Y=I0

Y=5

RESULT Y---0 YAREAI

CYP(X,Y)

AREA 1 AREA 2 AREA 3
DELX1---0.2 DELX2=0.1 DELX3=0.5
BIASXI=-0.2 BIASX2=-0.4 BIASX3z2.8
I ] i L L I i I I I I _ X

0 .2 .4 .6 .8 1.01.P 1.4 1.6 1.8 2.0 2.2

XAR_A1 XAtREA2 XARIEA3

Sketch (c) - Typical function of two variables.

The tabular form of the foregoing function is as follows:

XAREA1DELxlBIASX1 = .2

XAREA2
DELX2 = 0.I
BIASX2 = -0.4

XAREA3
DE LX3 = 0.5
BIASX3 = 2.8

X Y 0 5 10 15

0.2 FXY01(1,1)

.4

.6

.7

.8

.9

1.0

1.1

1.2

1.7

2.2

FXY01(2,1)

FXYOl(11,1)

FXY01(1,2)

FXY01(11,2)

FXY01(i ,3)

FXY01(11,3)

FXY01(1,4)

FXY01(11,4)
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where

XAREA = (XAREA1,XAREA2,XAREA3) is the value of the independent variable X at the

beginning of an area (XAREA point)

DELX is the desired value of increment which begins at the XAREA point

NUMPTS is the number of data points previous to the XAREA point

The BIAS(BIASX1,BIASX2,BIASX3) are functions of the independent variable X and

the parameters DELX1, DELX2, and DELX3. The formula for determining the BIAS is

BIAS = (DELX)(NUMPTS) - XAREA

For the example shown,

BIASXI = (0.2)(0) - 0.2 = -0.2

BIASX2 = (0.1)(2) - 0.6 = -0.4

BIASX3 = (0.5)(8) - 1.2 = 2.8

The BIAS for changes in DELY or DELZ are calculated in a similar manner. The

NUMPTS in the BIAS formula would be replaced by the number of function curves pre-

vious to the YAREA point and the number of families previous to the ZAREA point,

respectively.

For a two-variable function the parameter array (locations 2-18) is

PXYO I(XA REA2,XARE A 3,BIASX I,DE LXI ,BIASX2,DE LX2,BIASX3 ,DE LX3 ,XPOINTS,

YAREA2,YAREA3,BIASY 1,DELY I,BIASY2,DE LY2,BIASY3,DE LY3)

Substituting numerical values gives

DATA(PXY01 (ITWO) ,ITW 0=2,18)J .6,1.2,-.2,.2 ,-.4,.i,2.8,.5,11.,15.,15. ,0.,5.,0.,0.,0.,0.1

The FORTRAN CALL STATEMENT is

CALL FUNC2(FXY01,PXY01,X,Y)

CYP = PXY01(1)
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* ONE VARIABLE

* THE FOLLO_IING IS CODED IN COMPASS, THF FO_T_AN

* CODE [S SHO_,N AS AN EXAMPLE NF _HAT [_ CODE(),

]F(XINDEP--xAI_FA2) I , ] ,?

l ,")_'LY = DEL×I

AX = XIt, IDEP + BIASx]

GO TO 5

2 IF(XINZ)EP-XAREA_3) 3, },¢

3 [)EL X = DELX2

AX = XINOEP + dlAqx2

GO Ta 5

4 OELX = DELX3

A× = XINDEP + 9IASx3

5 I S = A×/DEL×

SX = AX/DFLX - I S

qESULT = (I,-SX)*FUNC(IS+I) + SX*FUNC(IS+2)

AY

In IS

J£

II

J1

[2

J2

SX

TX

G1

G2

*" T_dO VAQIABLF

* THE FOLLOW, rING JR CODED IN COMPASS. THF FO#,TWAN

* CODE iS bHO_;N AS AN EXAMPLE OF _,,,,HAT IS CODEr).

IF (XINDLP-XAI-_EA2) l , I ,2

I DELX = DELXI

AX = XINDEP + If,lASxl

GO TO 5

2 IF (X[NDEP-XAWFA3) 3,_.3,."4

_3 DELX = DELX2

AX = XINDEP + BIA%x2

GO TO %

a DFLX = DPLX.7

AX = XIN'3FP 4- RIASX._

5 IF (YINDEP-YA_EA_) _,,6,7

6 DELY = I-)ELYI

AY = YINrDEP + HIAC-,yI

GO TO 1 3

7 I F (Y INDEP-YAIMFA3 ) _,B,9

B DELY = DELY2

AY = Y I NOEP + B [ ASY2

GO TO 1 3

c_ DELY = DELY:3

= YINDEP 4- BIASY3

= AX/DELX

= A y/_l='Ly

= IS + l

= JS + l

= IS + 2

= JS + 2

= AX/DELX - IS

= I, - SX

= TX'It'FLJNC( I 1 ,Jl ) + SX*FUNC( [2,Jl )

= TX*FuNC( I 1 4J2) + c-,X*FklNC([2,,J2)

I;q'ES.t/LT = GI + (AY/r)FLY-.Jc, I*(G2-GI )
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THREE VARI A_,[. _

THE FOLLOWING IS CODED 1N COMPAS- q, • ]'Hr- FORTRAN

CODE IS SHOWN AS AN FxAMPLE OF V,HAT IS COD£D•

IF(XINDEP-XA_EA2) 1 ,l ,2

l DELX = DELXI

nX = X|NI)EP + 6I_SX[

GO TO

2 IF (X [NDE-pIXA_A3) 3,3,4

3 DELX = D_LX2

AX = XINI)EP + BIASx2

GO TO 5

4 DELX = DELX3

AX = XINDEP + BIASX3

% IF (YINDEP-YAWFA2) 6,6,7

6 DELY = DELYI

_Y = Y|NDFP + BIASYt

GO TO 13

7 IF (Y [NDEP-YAWEA_ ) 8,B,g

8 DELY = DELY2

AY = Y[NDEP + BIASY2

GO TO 13

g DELY = DELY3

AY = YINOEP + _IASY3

13 IFIZINDEP-ZANEA2} 14, 14,1%

14 DELZ = DELZI

AZ = ZINOEP + BI_SZI

GO TO 18

15 ]FIZINDEP-ZAPEA3) 16, 16, 17

16 DELZ = DELZ2

AZ = ZINDEP + BIASZ2

"GO TO I8

]7 DELZ = DELZ3

AZ

]8 IS

JS

KS

I1

J1

KI

[2

J2

K2

SX

TX

SY

GI1

G21

GIP

GB2

H1

H2

RESULT

= ZINOEP + BIASZ3

= Ax/DE'L×

= AY/DELY

= AZ/DELZ

= IS + l

= J£ + 1

= KS + 1

= IS + 2

= JS + 2

= KS + 2

= Ax/DIKL× - IS

= I • - SX

= AY/DELY - JS

= TX_'FUNCI I I ,Jl ,KI ) + Sx*FUNC( 12,Jl ,El )

-- TX*FUNC( II ,J2,KI ) + SX*FUNC( 12*J2,KI )

= TX*FUNC( I 1 ,it ,K2) ..I- Sx*F_;NC( I2.,J1 ,K'2)

= T×*FUNC( I I ,J2,K2) + SX*FUNC(I?.,J2,K?)

= GI I _- SY*(G21-C,I 1 )

= Gl2 + SY*(G22-GI2)

= HI + (AZ/DELZ-K_%)* (H2--HI)
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SUBROUTINES FUNC1, FUNC2, FUNC3

Language: COMPASS

Purpose: To provide functions of one, two, and three variables. The method for gener-

ating these functions which is described in the reference is basic for an understanding

of the material presented below.

Use: CALL FUNCI(FUNC,RESULT,XINDEP) for functions of one variable

CALL FUNC 2 (FUNC,RESULT,XINDE P,YINDE P) for functions of two variables

CALL FUNC3(FUNC,RESULT,XINDEP,YINDEP,ZINDEP) for functions of three

variables

FUNC the array which contains the function values.

RESULT the generated function value which is returned through the first word of

the array. The remaining locations in the array must contain the func-

tion parameters (see below).

XINDEP,YINDEP,ZINDEP the X,Y,Z independent variables for the function.

For functions of one variable, the RESULT array must be dimensioned

for nine locations and locations 2 through 9 must contain the following

parameters (in order):

XAREA2,XAREA3,BIASX1,DE LX1,BIASX2,DELX2,BIASX3,DELX3

For functions of two variables, the RESULT array must be dimensioned

for 18 locations. Locations 2 through 9 are the same as those for the

function of one variable. Locations 10 through 18 must contain the

following parameters:

XPOINTS,YAREA2,YAREA3,BIASY1,DE LY1,BIASY2,DELY2,BIASY3,DELY3

For functions of three variables, the RESULT array must be dimensioned

for 27 locations. Locations 2 through 18 are the same as those for the

function of two variables. Locations 19 through 27 contain the following

parameters:

YCURVES,ZAREA2, ZAREA3,BIASZ 1,DELZ 1,BIASZ2,DE LZ2,BIASZ3,DE LZ3
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where

AREA - that is, XAREAI,XAREA2,...,ZAREA2 are the values of the inde-
pendentvariables at which point the function values are tabulated
at a different incremental value than the previous area.

DEL - that is, DELX1,DELX2,...,DELZ3 are the incremental values of the
independentvariable at which the functions are tabulated.

BIAS - that is, BIASXl,BIASX2,...,BIASZ3are the values that whenadded
on to the independentvariable enablethe function to be treated as
an equal increment function.

XPOINTS - the number of points per function curve.

YCURVES- the number of function curves per family.

Restrictions: Limits should be placed on the X, Y, and Z upper and lower bounds of the

function to avoid calling an address out of range.

Method: See reference.

Accuracy: Of the order of linear interpolation.

Reference: Indexing Technique for Function Generation. (See pp. 125-130 of appendix B.)

Storage: FUNC1 - 138 locations.

FUNC2 - 268 locations.

FUNC3 - 528 locations.

Subprograms used: None.

Other coding information: The timing requirements are as follows:

FUNC1 - 20 microseconds.

FUNC2 - 40microseconds.

FUNC3 - 60 microseconds.

Source: See reference.

Author of subroutine: Dave E. Eckhardt, Jr.

Subroutine date: December 15, 1970.
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FUNCTIONDATA

This appendixcontainsthe data input to the function generation schemedescribed
in appendixB.

Angle* CmFl(O_F) CZF(OlF) C/FI(_F ) CnFI(_F) CYF(_F) CZW(o_W)breakpoint

-3.12
-2.86
-2.60
-2.34
-2.08
-1.82
-1.56
-1.30
- 1.04
- .78
-.52
- .26
.00
.26
.52
.78

1.04
1.30
1.56
1.82
2.08
2.34
2.60
2.86
3.12

-0.020385
- .28538
- .54407
- .72308
- .79846
- .75846
-.71904
- .69404
- .66849
- .62618
- .42655
-.12774
.16600
.46371
.73487
.85767
.96585
.96040
.95042
.84925
.74405
.53808
.34481
.17769
.01269

0.23077
3.2308
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
6.0000
5.9793
4.1679

.0000
-4.1679
-5.9793
-6.0000
-6.0000
-6.0000
-6.0000
-6.0000
-6.0000
-6.0000
-6.0000
-3.2308
-.23077

0.071154
.99615

1.9352
3.0327
3.8529
3.9279
3.9971
3.9221
3.8179
2.9781
1.8379
.79389
.0000

-.79389
-1.8379
-2.9781
-3.8179
-3.9221
-3.9971
-3.9279
-3.8529
-3.0327
-1.9352
-.99615
-.071154

-0.18846
-2.6385
-5.0296
-6.6927
-7.7777
-8.2377
-8.6650
-8.2750
-7.8627
-6.6058
-4.9015
-2.4313

.0000
2.4313
4.9015
6.6058
7.8627
8.2750
8.6650
8.2377
7.7777
6.6927
5.0296
2.6385
.18846

0.23846
3.3385
6.2593
7.0238
7.6349
8.0144
8.1927
7.9973
7.6468
6.7674
5.0648
2.8779
.0000

-2.8779
-5.0648
-6.7674
-7.6468
-7.9973
-8.1927
-8.0144
-7.6349
-7.0238
-6.2593
-3.3385
-.23846

0.0500
.7000

1.3185
1.5462
1.4442
1.2962
1.2038
1.3058
1.4538
1.5452
1.2948
.84351
.0000

-.84351
-1.2948
-1.5452
-1.4538
-1.3058
-1.2038
-1.2962
-1.4442
-1.5462
-1.3185
-.7000
-.05000

*Angle refers to aF' fiF' or aW"
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Angle i
Angle* CX2(aF) CXI(flF ) CXw(OtW) breakpoint CX2(aF) CXI(_F ) CXw(_W )breakpoint

0-3.160

-2.890

-2.620

-2.350

-2.080

-1.810

-1.540

-1.270

-1.000

- .784

- .735

- .686

- .637

- .588

-.539

- .490

-.441

- .392

- .343

- .294

- .245

- .196

- .147

- .098

- .049

1.0841

1.2007

1.3200

1.3200

1.0900

.8200

- .42778

- .8188

-i.0809

- 1.3000

0.09968

.34484

.59000

.59000

.37654

.17508

-.026556

-.23112

-.44234

-.59O00

0.32984

-.13508

-.60000

-.70000

-.58846

-.27692

.036667

.36240

.61887

.69911

-1.3023

-1.3045

-1.3068

-1.3090

-1.3113

-1.3135

-1.3158

-1.3180

-1.3121

-1.2479

-1.1836

-1.1371

-1.1010

-1.0680

-1.0540

-.59000

-.59000

-.59000

-.59000

-.59000

°.59000

-.59000

-.59000

-.57121

-.41779

-.26436

-.16785

-.10439

-.046667

-.023333

.65528

.61144

.56761

.52378

.47995

.43612

.39229

.34846

.29918

.21082

.12246

.072213

.044098

.018333

.0066667

*Angle refers to aF, _F, or a w.

.000

.049

.098

.147

.196

.245

.294

°343

.392

.441

.490

.539

.588

.637

.686

.735

.784

1.000

1.270

1.540

1.810

2.080

2.350

2.620

2.890

3.160

- 1.0400

-1.0540

- 1.0680

-1.1010

-1.1371

-1.1836

-1.2479

-1.3121

' -1.3180

-1.3158

-1.3135

-1.3113

i-1.3090

I - 1.3068

-1.3045

-1.3023

: - 1.3000

-1.0809

- .8188

- .42778

.8200

1.0900

l 1 3200
l

1.3200

1.2007

1.0841

0.00000

-.023333

-.046667

-.10439

-.16785

-.26436

-.41779

-.57121

-.59000

-.59000

-.59000

-.59000

-.59000

-.59000

-.59000

-.59000

-.59000

-.44234

-.23112

-.026556

.17508

.37654

.59000

.59000

.34484

.09968

-0.0050000

.0066667

.018333

.044098

.072213

.12246

.21082

.29918

.34846

.39229

.43612

.47995

.52378

.56761

.61144

.65528

.69911

.61887

.36240

.036667

-.27692

-.58846

-.70000

-.60000

-.13508

.32984
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/LVS

breakpoint

-3.06

-2.85

-2.64

-2.43

-2.22

- 1.60

-1.50

-1.40

-1.30

- 1.20

-1.10

-1.00

- .90

- .80

- .70

- .60

- .50

- .40

- .30

- .20

-.10

.00

CYvs(/3VS)

0.14240

.51620

.89000

.93000

.93000

.70000

.73239

.76479

.79718

.82958

.86197

.89437

.92676

.93000

.93000

.91750

.85500

.79250

.73000

.48667

.24333

.00000

/_VS

breakpoint

0.10

.20

.30

.40

.50

.60

.70

.80

.90

1.00

1.10

1.20

1.30

1.40

1.50

1.60

2.22

2.43

2.64

2.85

3.06

CYvs( VS)

-0.24333

-.48667

-.73000

-.79250

-.85500

-.91750

-.93000

-.93000

-.92676

-.89437

-.86197

-.82958

-.79718

-.76479

-.73239

-.70000

-.93000

-.93000

-.89000

-.51620

-.14240
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°_HS CZHs(_HS )
breakpoint

-3.12

-3.03

-2.94

-2.85

-2.76

-2.67

-2.58

-2.49

-2.40

-2.31

-2.22

-2.13

-2.04

-1.95

-1.86

-1.77

-1.68

-1.59

-1.50

-1.41

-1.32

-1.23

-1.14

-1.05

-.96

- .87

- .78

- .69

- .60

-.51

- .471

.00

0.052766

.29021

.52766

.76511

1.0026

1.2400

1.2741

1.3081

1.3422

1.3762

1.3630

1.3439

1.3247

1.3056

1.2865

1.2674

1.2482

1.2291

1.2100

1.2340

1.2580

1.2820

1.3060

1.3300

1.3540

1.3728

1.3812

1.3896

1.3980

1.4064

1.4100

.0000

_HS

breakpoint

0.471

.51

.60

.69

.78

.87

.96

1.05

1.14

1.23

1.32

1.41

1.50

1.59

1.68

1.77

1.86

1.95

2.04

2.13

2.22

2.31

2.40

2.49

2.58

2.67

2.76

2.85

2.94

3.03

3.12

CZHs(_HS )

-1.4100

- 1.4064

-1.3980

-1.3896

-1.3812

- 1.3728

-1.3540

- 1.3300

- 1.3060

- 1.2820

-1.2580

-1.2340

-l.2100

-1.2291

- 1.2482

-1.2674

-1.2865

-1.3056

-1.3247

-1.3439

-1.3630

-1.3762

-1.3422

-1.3081

-1.2741

- 1.2400

-1.0026

-.76511

- .52766

- .29021

- .052766
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u Ow(u)
breakpoint

0

7

14

34

152

1.0

.7

.34

.16

.0

u

breakpoint GEV(U)

0

33

100

200

1.0

.4

.0

.0

h
breakpoint GEH(h)

0

10

30

50

1.0

.5

.125

.0

u

breakpoint

120

240

360

VTR

breakpoint

-20

0

20

-20

0

20

-20

0

20

-20

0

20

0TR = -0.353

-0.3253

- .3538

- .3789

- .4091

- .4561

-. 5027

- .5328

- .5919

- .6510

-.6802

-.7436

- .8072

CYT R = f(U,VTR,0TR )

0TR = -0.092

-0.0337

- .0555

- .0720

- .0651

- .1155

- .1658

- .0933

-.1532

- .2131

-.1289

-.1925

- .2566

0TR = -0.004

0.0039

- .0026

- .0094

.04 52

-.0056

- .0562

.0527

- .0074

- .0672

.0547

- .0092

- .0730

foF --

0TR = 0.084

0.0635

.0477

.0267

.1548

.1045

.0541

.1985

.1386

.0787

.2382

.1744

.1105

0TR = 0.432

0.4818

.4556

.4264

.6081

.5627

.5168

.7829

.7241

.6657

.9725

.9091

.8458
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TRIM CIRCUIT ALGORITHM

By Gary A. McDaniel

Electronic Associates, Inc.

A generalized trim algorithm taken from reference 6 and described in this appendix

has been used successfully in several RTS programs at the Langley Research Center.

This method, a generalized secant method, is applicable since it requires no first partial

derivatives in making the linear approximation to the trim equations. This is a desirable

feature inasmuch as many RTS programs contain function data rather than analytical

expressions representing the aerodynamic coefficients and derivatives.

The generalized secant algorithm is an extension of regula falsi to multivariable

functions. By letting 0 be an m-dimensional zero vector, the problem can be stated:

Given an m-dimensional vector x = (Xl, . ., Xm) of independent elements (called the

variable vector) and an m-dimensional vector F(x) = (Fl(X) , . .., Fm(x) ) whose ele-

ments depend on x (called the function vector), find an m-dimensional solution vector

x o such that F(Xo) = 0. The vector x o is computed by the following steps. Pick a
nominal value of x 1. Obtain m additional variable vectors by successively varying

only one component of xl. There is now a set of m + 1 variable vectors, that is,

x 1, x2, . ., x m+l. With each member of this set, associate a function vector

F 1, F 2, . .., F m+l. From this set of function vectors, compute an m + 1 dimen-

sional sum vector S=(F 1 • F 1, F 2 • F 2, . .., F m+l - Fro+l). Use this S vector to

find

m+l m+l

S max = max S i and S rnin = min S i

i=l i=l

With S max and Smin, there is associated in an obvious way x max, F max, x mln, and

F min Pick a value for K and solve the following !inear system for an m+l--dimensional

vector q = (ql' q2' " "' qm+l)' which is called the q-vector"

m+l

qj=l

j=l

(D1)

140
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where 0 < K _---1. Then, compute a new variable vector from

m+l

j=l

(D3)

Associated with this new variable vector will be a new function vector F new and a new

sum vector Snew = F new. If Snew > Smax, halve K and resolve equation (D3) for

x new. Continue this procedure until Snew = Smax. When this occurs, replace F max

by F new in equation (D2). Compute a new S, Smax, and Smin. Replace F min on

the right-hand side of equation (D2) by the new F min. Replace x max on the right-hand

side of equation (D3) by x new and resolve equation (D2) until F new = 0 to within some

tolerance. Therefore, K is doubled up to a maximum of 1 each time Snew < Smax

within three trials.
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TABLE II.- COCKPIT INSTRUMENT CHECK

DAC

Element Variable Voltage

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

cos(c)

sin(c)

cos(0)

sin(0)

cos(q)

sin(q)

cos(h)

sin(h)

cos(_)

sin(fl)

cos(r)

sin(r)

cos(-ay/az)
sin(-ay/az)

_2

ASPD

-86.54

- 50.04

-70.71

-70.71

-86.58

- 50.04

-95.11

+30.90

-46.96

+88.29

-86.58

+50.00

+41.62

-90.93

+64.80

+72.22

Instrument

Name Reading

+30 °
Attitude direction

indicator - roll

Attitude direction

indicator - pitch

Heading indicator

Altimeter

Rate of climb indicator

Rate of turn indicator

Bank indicator

Main rotor rpm indicator

Airspeed indicator

+45 °

+30 o

5O ft

1500 ft/min

2 needle widths right

1 ball width right

323 rpm

130 knots
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TABLE III.- CONTROLDEFLECTION CHECK

Name

Collective stick

Cockpit control

Range

Full downto
full up

Lateral cyclic stick

Longitudinal cyclic stick

Tail rotor pedals

Lateral cyclic trim dial

Longitudinal cyclic trim dial

Tail rotor pedal trim dial

Full left to
full right

Full forward to
full back

Full left to
full right

Full left to
full right

Full left to
full right

Full left to
full right

ADC

Element Voltage Variable

0 to +80

-60to +60

-60to +60

-60 to +60

-i00 to +100

-100 to +100

-100 to +100

XAOS

YCS

XCS

XTR
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(a) Recorder 1.

Figure 2.- Dynamic check at 148.16 km/hr (80 knots) with A1S doublet input.
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Figure 2.- Continued.
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Figure 6.- Comparison of static trim stability.
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Figure 6.- Concluded.
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