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A REAL-TIME DIGITAL COMPUTER PROGRAM FOR THE
SIMULATION OF A SINGLE-ROTOR HELICOPTER

By Jacob A. Houck, Lucille H. Gibson,*
and George G. Steinmetz
Langley Research Center

SUMMARY

A computer program (Langley program C1152) 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.

INTRODUCTION

In view of the expanding interest in helicopters 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.

AgpDp indicated airspeed, kilometers/hour (knots)

Ags main rotor collective pitch, radians

AOSC collective pitch control input, radians

Ais main rotor lateral cyclic pitch, radians

AISC lateral cyclic pitch control input, radians

AISCS SAS lateral cyclic pitch control input, radians

ADVP, aerodynamic variable parameter, per meter2 (per foot?)
ADVP, aerodynamic variable parameter, per second

ay,ay,ay linear acceleration along X, Y, and Z body axis, respectively,
meters/second2 (feet/second2)

Bis main rotor longitudinal cyclic pitch, radians
BISC longitudinal cyclic pitch control input, radians

BISCS SAS longitudinal cyclic pitch control input, radians

C; SAS constants used in transfer function 1, where i,j =1,2,3
C main rotor drag coefficient at ¥ and Y

Dyy g R
C main rotor lift coefficient at ¥ and Y

Lyy R



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? (feet?/second?)

rotor downwash coefficient



longitudinal distance from center of gravity to main rotor shaft (positive
rearward of shaft), meters (feet)

longitudinal distance from horizontal stabilizer to main rotor shaft (positive
rearward of shaft), meters (feet)

longitudinal distance from tail rotor to main rotor shaft (positive rearward
of shaft), meters (feet)

longitudinal distance from vertical stabilizer to main rotor shaft (positive
rearward of shaft), meters (feet)

longitudinal distance from wing to main rotor shaft (positive rearward of
shaft), meters (feet)

vertical distance from center of gravity to main rotor hub (positive upward
to hub), meters (feet)

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

vertical distance from vertical stabilizer to main rotor hub (positive upward
to hub), meters (feet)

vertical distance from wing to main rotor hub (positive upward to hub),
meters (feet)

Earth coordinate in east direction, meters (feet)

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

main rotor hub moment parameter, kilogram-meters2 (slug-feet?2)
main rotor force along X body axis, newtons (pounds)

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



GEH main rotor ground effect due to height

Ggy main rotor ground effect due to forward velocity
GrwT vehicle gross weight, kilograms (pounds)
g acceleration due to gravity, meters/second? (feet/second?)
h Earth vertical coordinate, meters (feet)
h velocity component in vertical direction, meters/second (feet/second)
hD desired velocity component in vertical direction, meters/second
(feet/second)
Ig blade moment of inertia, kilogram-meters2 (slug-feetz)
Iys horizontal-stabilizer built-in incidence angle, radians
IR rotor moment of inertia inboard of flapping hinge, kilogram—meters2
(slug-feet?2)
IROT main rotor moment of inertia, kilogram-meters2 (slug-feet?)
Iys vertical-stabilizer built-in incidence angle, radians
Iy wing built-in incidence angle, radians
Lisoolyy lzz moment of inertia about X, Y, and Z body axis, respectively,
kilogram-meters2 (slug-feet2)
K} SAS constants used in transfer function 2, where i=1,2,3 and j=1,2,34
KapKaB,’
main rotor constants for flap angle calculation
KaB, KaB,
Kp,Kpr,: K1, area constants used to determine main rotor lift and drag forces,

meters2 (feet?)



KE1 constant used in engine torque calculation, kilogram-meters2/second
(slug-feet2/second)
KM,KQ,KQL volume constants used to determine main rotor moment and torque,
meters3 (feet3)
KR/F rotor downwash fraction acting on fuselage and wing
Krr ratio of elevator area to horizontal-stabilizer area
1

KTR,

KW rwm

La

constant used in calculation of Yqp, newtons (pounds)

wing downwash coefficient

total aerodynamic rolling 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? (feet/second?)
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/second2
(feetd/second?)

main rotor hub pitching moment, newton-meters (pound-feet)
main rotor tip Mach number
vehicle mass, kilograms (slugs)

blade mass, kilograms (slugs)



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/second?2

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), metersd/second? (feetd/second?)
pitch rate, radians/second

pitch acceleration, radians/second2

lateral dynamic pressure, newtons/meter2 (pounds/foot2)

vertical dynamic pressure, newtons/meter2 (pounds/foot2)

main rotor blade radius, meters (feet)

yaw rate, radians/second



yaw acceleration, radians/second?2

shaft horsepower, watts (horsepower)
fuselage lateral-force area, meters2 (feet?)
fuselage vertical-force area, meters2 (feet?)
wing longitudinal-force area, meters2 (feet?)
fuselage lateral-force area, meters2 (feetz)
vertical-stabilizer force area, meters2 (feetz)
fuselage vertical-force area, meters2 (feet?)
horizontal-stabilizer force area, meters2 (feet2)
wing vertical-force area, meters2 (feet?)
time, seconds

blade element velocity perpendicular to blade span axis and to Up at
vY
Vg and Y, meters/second (feet/second)

blade element velocity perpendicular to blade span axis and to rotor rotation
axis at W¥p and Y, meters/second (feet/second)

linear velocity along X body axis, meters/second (feet/second)
linear acceleration along X body axis, meters/second? (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 (feet3)



fuselage pitching-moment volume parameter, meters3 (feet3d)

fuseiage yawing-moment volume parameter, meters3 (feet3)

linear velocity along Y body axis, meters/second (feet/second)
linear acceleration along Y body axis, meters/second2 (feet/second?)
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 (feet/second)

linear acceleration along Z body axis, meters/second? (feet/second2)
total aerodynamic force along X body axis, newtons (pounds)

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

cockpit cyclic stick longitudinal input (positive forward), centimeters (inches)
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)



%0ss
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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 Y body axis, newtons (pounds)
total aerodynamic force along Z body axis, newtons (pounds)
fuselage aerodynamic force along Z body axis, newtons (pounds)
horizontal-stabilizer force along Z body axis, newtons (pounds)
wing aerodynamic force along Z body axis, newtons (pounds)
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 YR and Y, radians

fuselage angle of sideslip, radians or degrees

vertical-stabilizer angle of sideslip, radians



main rotor lateral flap angle, radians

main rotor lateral flap rate, radians/second

main rotor total blade flap angle at \IJR, radians

main rotor total blade flap rate at ¥p, radians/second
time interval, seconds

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 YR and Y, radians
main rotor tip-speed ratio

air density, kilogram/meter3 (slug/feet3)

time lag, seconds

fuselage roll angle, radians

rate of change of roll angle, radians/second

main rotor blade inflow angle at ¥p and Y, radians
fuselage yaw angle, radians

rate of change of yaw angle, radians/second

11



Yr main rotor blade azimuth angle, radians

Q main rotor angular velocity, radians/second

Q main rotor angular acceleration, radians/second?2
p desired main rotor angular velocity, radians/second

Dot over symbol denotes time derivative.
PROBLEM DESCRIPTION

A description is presented of the development of an all digital simulation program
for a single-rotor helicopter to be run on the Langley Research Center 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 one of 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 coning angle, the two components of the main rotor
flapping angle, and the main rotor angular velocity. These variables are integrated by
using an Euler formula at a solution rate of 32 iterations per second.

Other modifications involve function generation and trim condition calculation. The
function generation system used in reference 1 has been replaced by a technique used for
several years with the Langley RTS system. This technique allows for rapid generation
of aerodynamic functions used in real-time simulations. The technique is detailed in
reference 5 and in appendix B 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 C1152 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:

O 00~ o

ya

Function Data

(s 2]

Va

C1152 Main and
Subprograms
Block Data

7
8
1 9
-
Real-Time

Control Cards

Deck Configuration
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Labeled COMMON

The following list contains the FORTRAN variables appearing in labeled COMMON

and descriptions of each variable:

COMMON
label

/CHECK/

/INTCOMM/

/INTINTR/

/REALTIM/

FORTRAN
variable

TABLE(150)

INTEG(09)

DT

INT

NEQ

ISCHEME

DERINT(2,12)

INTERN(5,12)

ADC(32)
DAC(64)
LDISI(108)

LDISO(196)

Description

Array of floating point numbers to be displayed
and/or changed

Array of integer numbers to be displayed and/or
changed

Time, update in subroutine IGRATE1
Integration step size used in subroutine IGRATE1

Flow control parameter used in subroutine
IGRATE1

Number of integrations performed in subroutine
IGRATE1

Selects integration scheme in subroutine IGRATE1

Array of integrals and derivatives in subroutine
IGRATE1

Temporary storage for elements of subroutine
IGRATE1

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

label variable Description
/REALTIM/ NOPER
NHOLD
NRESET
> Return addresses from subroutine RTMODE
NTERM
NPRINT
NREAD )
/ACCEL/ AX ay
AY ay
AZ ay
/ADV C/ OMEG Q
WIM WIM
VT Vo
QV Gy
QL I
ASPD Agpp
/ADV P/ ADVP1 ADVP,

ADVP2 ADVP,

16



COMMON
label

/ANGSAS/

/COEF/

/CONTRL/

FORTRAN
variable

PHIL

THETAL

PSIL B
PHIDL

THETDL

PSIDL

/

CT

CP

cQ

MU

MTIP

VS

AOS

AlS

B1S

THTR

OMEGD

Description

Last values of Euler angles and their derivatives,

used in SAS calculation

17



COMMON FORTRAN

label variable Description
/CNTL C/ AOSC AOSC
Al1SC Alsc
B1SC BISC
THTRC QTRC
Al1S8CL
BISCL Storage locations for last values of AlSC’ BISC’
and GTRC
THTRCL
/CNTL P/ AOSCO )
A1SCO > Control constants in AOSC’ AlSC’ BISC’
B1SCO and frRe
THTRCO J
XAOSG )
YCSG
XCSG
XTRG
5 Control gains
XAOSR
YCSR
XCSR
XTRR J

18



COMMON
label

/CNTSAS/

/CPIC/

/ENG C/

FORTRAN
variable

A1SCS
B1SCS
THTRCS
ACI

BCI

DCI
XRCM1 )
YRCM1
XRTM1
YRTM1
XPBM1
YPBM1
CSK4

CSK6

CSK"7

F05(18) )
QMAX
QE

SHP

Description

Alscs

Biscs

6
TRes

Instrument lag parameters

Instrument constants

Qmax

HP

19



COMMON
label

/ENG C/

/ENG P/

/ERROR/

/EUL CS/

/FCNNAME/

20

FORTRAN

variable

GRWT

OMEGDT

IROT

CKE1

NERR

COSFI

SINFI

COSTH

SINTH

COSsI

SINSI

CLF1

CMF1

CNF1

CX1

CX2

CYTR

CYF

CZF

Description

GRWT

Error return parameter

cos(®)
sin(®)
cos(4)

sin(8)
cos(¥)
sin(¥)

C e = ()
Cmp, = 1(aF)
anl = £(Bg)
Cx, =1(Ap)
x5 =1(*F)



COMMON
label

/FCNNAME/

/ENMC/

/ENM P/

FORTRAN

variable

CXwW

CZW

CYVS

CZHS

CDSIY

CLSIY

Dw

GEV

GEH

YA

ZA

LA

MA

NA

DX

DXHS

DXTR

DXVS

Description

Cxy = {(w)

21



COMMON
label

/FENMP/

/FTRMPLS/

/FUNCS/

22

FORTRAN
variable

DZ
DZTR
DZVS
DXW
DZW

IR
EQLMR
EQAOSS
EQWIM
HDOTD
F001(28)
F002(28)
F003(14)
F004(14)
F005(14)
F006(28)
F007(14)
F008(28)

F009(14)

Description

Trim parameters

flD

Array of data values for Cy,
Array of data values for sz
Array of data values for Cyz
Array of data values for
Array of data values for C
Array of data values for CX1
Array of data values for CYF
Array of data values for CXW

Array of data values for Cy



COMMON FORTRAN

label variable Description
/FUNCS/ F010(28) Array of data values for CYVS

F011(35) Array of data values for CZHS

F013(07) Array of data values for Dy

F014(07) Array of data values for Ggy

F015(07) Array of data values for Ggpy

¥016(35,10) Array of data values for CD\I/Y

F017(35,10) Array of data values for CL\I'Y

F018(7,3,4) Array of data values for CYTR

D001(9)-D011(9) Arrays containing the generated function val-
ues and function parameters for F001-F011

D013(9)-D015(9) Arrays containing the generated function values
and function parameters for F013-F015

D016(18)-D017(18) Arrays containing the generated function values
and function parameters for F016-F017

D018(27) Array containing the generated function value
and function parameters for F018

/FUS C/ XF Xp

YF Yp

ZF ZF

LF LF

MF Mp

23



COMMON
label

/FUS C/

/FUS P/

24

FORTRAN

variable

NF

XwW

WIWM

ZW

ALFF

BETF

ALFW

CLF2

CMF2

CNF2

CKRF

CKWIWM

VLF

VMF

VNF

SXF1

SXF2

SYF

Description



COMMON
label

/FUS P/

/GPARAM/

/LAGSTK/

/MODEC/

/MROT C/

FORTRAN

variable

SZF

SXW

SZW

DELT

RHO

G

PIE

NILAG

NSTICK

MRESET

MHOLD

MOPER

FXR

FYR

LMR

LRH

MRH

QMR

Description

Time lag input parameter

Console potentiometer input parameter
Mode control reset

Mode control hold

Mode control operate

Fxr

Fyr

Lyr

25



COMMON
label

/MROT C/

/RCOEFF/

/ROTCON/

26

FORTRAN
variable

AQOSS

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)

Description

20ss
Xyy

U
Ty



COMMON FORTRAN

label variable Description
/ROTCON/ WIF(20) Wip
BOVN Ratio of Np to Njg
/ROT P/ TWIST Blade twist
FMRS FMRS
CKAO K Ao
CKABI1 K ABl
CKAB2 K AB,
CKAB3 K AB3
NRAD NRAD
NAZ Ny
NB NB
RB RB
EFH e
/SAS P/ AlC1 c}
AlC2 cl
2
1
AlK1 K,
1
AlK2 K,
A1K3 Kl
3
A1K4 1

he



COMMON
label

/SAS P/

/SCALES/

28

FORTRAN

variable

B1C1
B1C2
B1K1
B1K2
B1K3
B1K4
THC1
THC2
THK1
THK?2
THKS3
THK4
SF1 )
SF2

SF3

SF4 }
SF5

SF6

SF7 )

Description

~

Cockpit scale factors



COMMON
label

/SCPSIR/

/SHIP P/

/STICKS/

/STINPUT/

FORTRAN
variable

SINSIR(50)
COSSIR(50)
XX

IYy

127

MASS
XAOS

YCS

XCs

XTR

DPR

RPD

X1

X2

X3

X4

T1

T2

Description

XA0S

Degrees per radian conversion factor
Radians per degree conversion factor
Initial input on Xp g

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/ ALFHS ays
BTVS Bys
ZHS ZHS
YVS Yys
VTR VIR
WHS Wis
YTR YrR
DELE 5

/TAIL P/ CKTRI1 KTRI
CKTR?2 KTR,
IHS Iys
VS Iys
SZHS Zigg
SYVS 5Y.q

/TRIMAT/ XMAT(11,12) An (NEQN X NEQP1) matrix of independent trim

variables
EMAT(12,13) An (NEQP1 X NEQP2) matrix of functional
evaluations

TRSUM(12) An NEQP1 dimensional vector of error sums
NEQN Number of equations to be trimmed

30



COMMON
label

/TRIMAT/

/VALUES/

/XI1c/

FORTRAN
variable

NEQP1
NEQP2
XMATG(11)
A1CS1
AICS2
B1CS1
B1CS2
THCS1
THCS2
A1X1 )
A1X2
A1X3
B1X1
BIX2 5
B1X3

THX1

THX2

THX3

Description

NEQN + 1

NEQN + 2

Increments added to XTRIM to start the iteration
SAS value of first transfer function on Ayg

SAS value of second transfer function on Ajg
SAS value of first transfer function on Bjg

SAS value of second transfer function on Bjg
SAS value of first transfer function on 6p

SAS value of second transfer function on BTR

Second transfer function parameters

31



COMMON FORTRAN )
label variable Description

~
/XIC/ AXITN
AX2TN
BX1TN
F First transfer function parameters

BX2TN

TX1TN

TX2TN

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+ 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 number array.

TABLE

element

10

11

12

13

14

15

16

FORTRAN
variable

= A1SS
= AD1SS

B1SS

BD1SS

= BETSI

= BDTSI

= NDOT

= OMEG

= OMEGDT

=P

= PDOT

TABLE

Description

1SS
4185
P1ss
F1ss
Py

By

33



TABLE FORTRAN

element variable Description
17 = PHI o
18 = PHID &
19 = PSI ¥
20 = PSIDT ¥
21 =Q a
22 = QDOT q
23 =R r
24 = RDOT T
25 = THETA 8
26 = THETDT g
27 =U u
28 = UDOT i
29 =V v
30 = VDOT v
31 =W w
32 = WDOT W
33 = AOS Aog
34 = Al1S Agg
35 = B1S Bis

34



TABLE FORTRAN

element _variable Description
36 = THTR bR
37 = OMEGD p
38 =T .
40 A0SO w
41 A1S0
42 B1S0
43 THTRO
44 Uo
45 Vo
46 WO
47 PSIO
$ Initial conditions
48 PHIO
49 THETAO
50 UKNOTS
51 HDOTDO
52 HO
53 OMEGO
%4 CGO
55 GRWTO




TABLE FORTRAN

eiement variable Description
56 PO b
57 QO Initial conditions
58 RO y
60 AISSTEP )
61 B1SSTEP S Control step inputs
62 THTRSTP
63 AISGN
64 B1SGN
65 THTRGN
66 AOSGN
67 PGN
68 QGN
> Scale factors for variables on time history recorders
69 RGN
70 UGN
71 VGN
72 WGN
73 HGN
74 PSIGN J

36



TABLE

element

75

76

(i

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

FORTRAN
variable

PHIGN )
THEGN

A1SSGN

B1SSGN

ALFFGN

BETFGN

BETSGN

BDTGN
DTCON
X10
X20

X30

X40
T10

T20

SF10
SF20

SF30

Description

Scale factors for variables on time history recorders

Divisor on step size DT

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

37



TABLE
element

38

93

94

95

96

125

126

127

128

129

130

131

132

133

134

135

FORTRAN

variable

SF40 W
SF50

SF60

SF70

=CT

=CP

=CQ

= MU

= MTIP

= ASPD

= SHP

= XAOS

=YCS

= XCS

= XTR

Description

Cockpit scale factors, initial conditions

Mrrp
Aspp
HP

XA0S



INTEG is an integer number array.

INTEG

element

FORTRAN

variable

NSTICKO

NT

IRUN

NILAGO

INTSCME

KNOTS

INTEG

Description

Denotes cockpit or potentiometer inputs
Determines print interval

Run number

Denotes lag input

Selects integration scheme

Selects airspeed

ADC is an input array from potentiometers or cockpit inputs.

ADC
element

FORTRAN

variable

XAOS

YCS

XCS

XTR

YCSCOL

XCSCOL

XTRCOL

ADC

Description

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 1 through 24 are for the time history recorders.
Elements 25 through 40 are outputs to the cockpit.

DAC
ellggce:nt F‘glf‘al;f;N Description
1 XAOS *XAOSGN h
2 AOS*AOSGN
3 XCS*XCSGN
4 B1S*B1SGN
5 YCS*YCSGN
6 A1S*A1SGN
" XTR*XTRGN
8 THTR *THTRGN
$ Normalized time history recordings
9 P*PGN
10 Q*QGN
11 R*RGN
12 PHI*PHIGN*DPR
13 THETA*THEGN *DPR
14 PSI*PSIGN*DPR
15 ALFF*ALFFGN*DPR
16 BETF*BETFGN*DPR
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DAC

element

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

FORTRAN
variable

H*HGN )
U*UGN

V*VGN

W*WGN
A1SS*A1SSGN
B1SS*B1SSGN

BETSI*BETSGN

BDTSI*BDTGN _/
-COS(PHI)

- SIN(PHI)
~-COS(THETA)
-SIN(THETA)

-COS(PSI)

-SIN(PSI)

COS(AA4)

SIN(AA4)

-COS(AA5)

SIN(AA5)

Description

Normalized time history recordings

Euler angle drivers

Altimeter drivers

Rate of climb meter drivers

41



DAC FORTRAN

element _variable Description
35 LIM(COS(AA6),-.886,.886)
Limited two minute turn drivers
36 LIM(SIN(AAS6),-.500,.500)
37 -COS(AAT)
Bank angle indicator drivers
38 -SIN(AAT)
39 LIM(OMEGRPM/500.,0.0,.9996) Limited RPM indicator driver
40 LIM(ASPD/140.,0.0,0.9996) Limited airspeed indicator driver

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

LDISI
e%e?nlgit Description
1-16 Data entry keyboard

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

18 HOLD mode switch, stops integration of equations of motion and holds all
variables at present values

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

20 TERM (TERMINATE) mode switch, terminates control at the program
control console and transfers control to the graphic display unit

21 CHANGE mode switch, allows changing of variable values

22 SCAN mode switch, scans through the display addresses in conjunction

with the subroutine SCANNER
42



LDISI

element

23

27

29

30

31

32

33

37

38

41

42

43

44

45

46

47

48

55

Description

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 AIS’ Byg, or TR
Trim circuit switch

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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LDISO is a logical discrete output array. Elements 61 through 99 are used to turn
the white indicator lights on and off. Elements 101 through 110 are recorder event mark-
ers. Elements 111 through 118 are used to turn the red indicator lights on and off. Only
the following elements are used.

LDISO
clement Deseription

61 Variables are trimmed

65 SAS is activated

73 g out of range

74 By out of range

75 Ay out of range

6 ayg out of range

i Bvs out of range

78 UT\IfY out of range

79 oy out of range

80 CYTR out of range

81 XA0S is trimmed

82 Yeg 18 trimmed

83 Xcs is trimmed

84 XTR is trimmed
102 Timing marker on recorder no. 1
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LDISO
element

110
111
112
113
114
115
116
117

118

Description

Timing marker on recorder no. 2
Trim unsuccessful

AOS out of range

Aig out of range

Bis out of range

6rr out of range

Automatic hold

Negative altitude

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

APRINT

AREAD

ATERM

CYCLE

DATABLX

Description

Provides an alternate entry point to subroutine RTMODE which returns
control to subroutine RTMODE for further processing

Provides an alternate entry point to subroutine RTMODE which returns
control to subroutine RTMODE for further processing

Does final processing and halts execution
Sets up return address from subroutine RECYCLE

Specifies the variable arrays for subroutine DSPLAY
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Subroutine
DAYTIM
HALT

IGRATE1

INOUT

LOSTIME

NAMECRT
NM218
PLAYBAK
PRINTER

READOUT

READY
RECORD

RECYCLE

RELEASE

RTMODE

RTROUTE

46

Description
Provides date and time of day
Signals completion of real-time portion of program

Integrates variables in array DERINT(2,J) and stores in array
DERINT(1,J) (J =1,2,...NEQ)

Sets up arrays for input/output conversion

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

Identifies and initializes usage of the CRT console

Initializes usage of typewriter

Plays back data recorded on real-time disk one frame at a time
Routes MFI disk file to printer

Specifies variables to be recorded and frequency of recording for the
real-time disk file

Signals that the program is ready for real-time operation
Records variables as specified in subroutine READOUT

Signals end of a cycle in the operating loop and returns to address
specified by subroutine CYCLE

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

Real-time mode control

Indicates dynamic printing will occur during the job run



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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( HeLic )

Common Blocks, Equivalences,
Type Statements, Dimensions,
Assign Statements, Calls to
System Subroutines

Read
Function
Data

| Trim Circuit

90002

Cockpit Mode
Control

I Aerodynamic Variables J

Y
Forces and Moments

Body Derivatives

garth Movement

Display

90002 Hold orint
mn
90003 Reset Cail
RTMODE y
Terminate Read

Operate

Cali
IGRATE]

(Integration
Package}

90002



PROGRAM HELIC (INPUTe201« OUTPUT=2201)
C
c
[+ TYPE STATEMENTS AND DIMENSIONED VARIABLES
[
REAL 1HSe IVSs IROTs IWe IXXs 1YYy 12Zs LAe LFs LMRy LRMs MASS,
x MRHe MU o MA o MF. MTIP. Ne NDOTs NA, NF, NO
LOGICAL AUTOHs AUTOTYPs INTABLSs LDIS!s LDISOe LOGICH
X TYPESW «VARCHNG: MRESET o+ MHOLDs MOPER
DIMENSION [VARAUF (8}, LOGIC(O1)s TIME(2)« MESAGE(2)+
X XTRIM(11) « FTRIMI{I1)s QVEC(12)
[
CH## REAL TIME CONTROL COMMUNICATION
c
C INTEGRAT IOty COMMUNICATION
[
COMMON
X /CHECK 7 TABLE(1%0)¢ INTEG(09)
X ZINTCOMM/ T « DT +« INT + NEQ .
x ISCHEME + DERINT(2.12)
x ZINTINTR/ INTFRN(S5412)
x /REALTIM/ ADC(32)+ DAC(&4), LDISI1(108)s LDISO(196)
x NOPER +« NHOLD o NRESET » NTERM .
X NPRINT + NREAD
c
c SUBROUTINE COMMUNICATION
c
COMMON
x /ACCEL/ AX . AY « AZ
x 7ADV C 7 OMEG « WIM « VT .« oV « oL +« ASPD
x /ADV P s ADVPI ¢« ADVP2
X /ANGSAS / PHIL + THETAL. PSIL + PHIDL « THETOL+ PSIDL
x ZCNTL C 7/ AOSC « A1SC + BISC « THTRC + AI1SCL + BISCL
X THTRCL
X /CNTL P 7/ AOSCO o+ A1SCO + B1SCO +» THTRCOs XAOSG ¢ YCSG
X XCSa « XTRG + XAOSR o YCSR + XCSR + XTRR
X /CNTSAS / A1SFS  » BISCS « THTRCS
X /COEF /7 CcT . CP + CO . MYy « MTIP , VS
x ZCONTRL/ AOS v A1S +» B1S « THTR + OMEGD
x /CPIC , AC! « BCI v+ DCI + XRCM1 o YRCM1 o« XRTMI1
X YRTM1 + XPBM) , YPBM) o+ CS5K4 o+ CSK6& o+ CSK7 »
x FOS5¢i8)
X JENG C /7 QMAX . OF « SHP +« GRWT + OMEGDT
x /ENG P / IROT + CKEL
x /ERROR / NERD
oo L]
x FEUL CS/ COSFI + SINFL o+ COSTH o+ SINTH » COSST + SINSI
x /FCNNAME/ CLF s CMF1 4+ CNF1 + CX1 . CX2 » CYTR
x CYF + CZF . CXM « CZW s CYVS +« CZHS o
x COS1Y » CLSIY + DOW « GEV + GEH
X /F N M C/ XA . YA v ZA . LA + MA « NA
X /F N M P/ DX +» DXHS + DXTR +« DXVS « DZ .
x DZTR + DZVS « DXw « DZW ¢ IR
X /FTRMPLS” EQLMR + EQAOSS, FQwIM 4 HDOTD
X /FUNCS / FOO1(28)s FOO2(2B)s FON3(14)e FOOA(L14), FOOS(14),
x FOOg(28)s FOOT7(14a), FOOB(28)s FOO9(1a)« FO10(28)
x FO11(35)s FO13(07)s FOIA(0T)s FO15(07)s DOIBI(27} 0
x D001 (09)+ DOO2(09)es DOO3(0G)s DOOACAF)s DODS{O9)
x D00 (091« DOOT(0T)e DOOBIOF)s DOOG(OF)s DOIOIOT)
x D011(09),s DO13(09)s DOI4(09)s DOIS(O9)s DOIGIIB)
x DO17(18)y FO16(3%4,10)¢ FO17(354103%s FO1B(74344)
x /FUS € /7 XF + YF . ZF + LF « MF + NF .
X X . WIWM  , ZwW « ALFF + BETF , ALFW
COMMNON
x /FUS P s CLF? » CMF2 + CNF2 + CKRF o« CKWIWM. !W .
x VLF + VMF + VNF « SXF1 « SXF2 4 SYF .
X SZF . Sxw « SZw
x /GPARAM/  DELT + RHO ) + PIE
x /MROT C/ FxR « FYR v LMR « LRH « MRH + OMR .
x AOSS o ALFSIYs UTSIY o« BETS! « BOTS] « A1SS »
X Anl1eS o+ BISS 4 ADISS
x /RCOEFF 7 CKL {20+ CKDI(20)es CKQ(20), CKDL(20)es CKGL(20)s
X CKM (203, YI20) « WFI(20)
x /ROTCON 7 YPE(20)+ YTW(20 ) WIF{20)s BOVN
x /ROT P, TwisT + FMRS . CKAOQ » CKAB1 « CKABZ o+ CKAB3 ,
X NRAM « NAZ '+ NB . R8 + EFH
x ZLAGSTK / NILAG « NSTICX
x /MODEC / MRESGET « MHOLD + MOPER
x /SAS P s AlC) o A1C2 « ALK} « AIK2 . AIK3 . AIKE .
X B1C « B1C2 4 AlKL « BIKZ2 o+ RIK3 . Blka
X THCY « THC2 « THK] o THKZ o THK3 o THKa
COMMNAN
x /SCALES 7 SF1 + SF2 + SF3 + SFa « SFS « 5F6& .
x SF7
X /SCPSIR / SINcIR(SN)s COSSIR(S0)
X /SHIP P/ IXX o 1YY . 122 * MASS
X /STICKS 7/ xAa0e » YCS + xXCS « XTR +» DPR + RPD
x /STINPUT/ Xt . x2 » X3 . X4 « T . T2
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x ZTAIL C 7/ ALFMS « BTVS » ZHS * YVS ¢ VTR .
x wHS « YTR s DELE
X /TAIL P/ CKTRI » CKTR2 + [MS e IVvS + SIHS .
X ZTRIMAT, XMAT(11+12)e EMAT(12413)¢ TRSUM(12)e NEONS
x NEOP1 + NEOP2 « XMATG(11)
X /VYALUES 7 A1Cel « AICS2 + BICS! v BICS2 o« THCS1
X /7X1c / AIX1 + AIX2 + AIX3 + BiX1 v Bix2 .
X THX 1 + THX2 s THX3 « AXITN ¢« AX2TN
X ax2 N o TXITN » TX2TN
C
[ EQUIVALENCES
c
EQUIVALENCE{ INTEG( 1) eNSTICKO)« CINTEG( 2)sNT i
x {INTEG( 3)+IRUN Y CINTEG( 4)1+NILAGO)»
X {INTEG( S )« INTSCME), (INTEG( 6)+KNOTS
[
EQUIVALENCE(LDIS] {46+ AUTOTYP)s (LDISI(4T)+TYPESW)
x {(LD1S1(4B8)+ INTABLS)
c
EQUIVALENCE
x (DERINT (1,4 1)P 1K} (DERINT (24 11.PDOT Ve
x {(DERINTI(1, 2)+Q 1e (DERINT(2s 2)+QDOT Ve
X (DERINTI(l, 3):R Ve (DERINT(2+ 3)+RDOT Ve
X (DERINT(1l, 4)«PHI Ve (DERINT(2+ 4)+PHID Ve
X (DERINT(1, S)«THETA)« (DERINT(2¢ S)eTHETDT)
X {DERINT(1, 6})«PS] Ya (DERINT (2¢ 6)+PSIDT )
X (DERINTI(1, T)euU ) (DERINT (2« 7)sUDOT Ve
X (DERINT(!, 8}V Ve (DERINT(2¢ 8)sVDOT Y
x {DERINT(1, F)ew Ve (DERINT (24 9).WDOT Ve
X (DERINT {1,410} N Y (DERINT (2410)+NDOT Ve
x (DERINT(I 411 )«F ) (DERINT(2¢11)+EDOT Yo
X (DERINTY (1 ,12)¢H Te (DERINT(2¢12) 4+ HDOT )
-
EQUIVALENCE ({AQOSOs TARLE(40) )« (A1SO « TABLE(a1)).»
X (B1S0. TAALE(42)1. (THTRO + TABLE(43)),
x o + TARLE(44) ) vQ « TABLE(45)).
x (WO + TARLE(46) 1 (PSI0 + TABLE(AT)Y )
x (PHIO. TARLE(48)) 4 (THETAO. TABLE(49) )
x {UKNOTS+ TABLE (S0} ) (HDOTDO« TABLE(S1))e
x (HO 4+ TAALE(S2)'. (OMEGO + TABLE(S3)),
X {CGO « TARLE(S4))s (GRWTO + TABLE(%%)),
x (PO s TAALE(36)) Qo + TABLE(ST))
x (RO« TAmLE(38))
C
EQUIVALENCE (AISSTEP: TABLE(80) ). (BISSTEP, TABLE(61))
x (THTRSTP: TABLE(62))« (A1SGN + TABLE(63))s
X (B1SGN s TABLE(841) (THTRGN + TABLE(E%) )
X (AOSGN « TABLE (66} )« (PGN s TABLE(ET) )
x (QGNMN v TABLE (681 (RGN + TABLE(69)1
x (UGN v TABLE(701) ). (VGN « TABLE(71})).
X (WGN » TABLE(72))» (HGN TABLE(73))
X (PSIGN +» TABLE{(T741 ) {PHIGN v TABLE(7%)1,
x (THEGN v+ TABLFE(T76) ) {A1SSGN « TABLE(77)1
X (BISSGN + TABLE(78)) (ALFFGN « TABLE(79)).
x (BETFGN + TABLF(BO))» (BETSGN « TABLE(B1))e
b3 (BDTGN + TABLE (82} }» {OTCON « TABLE(B3)),
x (X110 + TABLE(B4) ), {x20 v TABLE(BS))»
x (X30 + TABLE(86) )+ (Xa0 » TABLE(BT))»
x {710 » TABLE(B8) ) {T20 » TABLE(B9))
x (SF10C « TABLE(90)) {5F20 v TABLE(9]1})e
x (SFaC + TABLE(92) )¢ {SFa0 TABLE(93))
X {SF30 « TABLE(94) ) (SF&0 + TABLE (9%}
X {SF70 « TABLF(96))
C
DATA MESAGE/ 2HONs 3HOFF
~
C#* INITIAL SET-UP OF REAL TIME SYSTEM
C
CALL NM21B8(SLTYPER)
CAl'. CYCLEI90006S)
CALL LOSTIME(TT?77S)
C
C## CALL READOUT SETS UP THE REAL TIME RECORDING FILE
C
NTe 92
CALL READOUT (4 .NT. T + ASPD + GRWT ¢« CG y
CALL READOUT (4 «NT. M + HDOT + OMEG + OMEGDT)
CALL READOUTI{ANT. U .V + W + ALFF }
CALL READOUT{4,.NT, UNOT + VDOT « WOQT + BETF }
CALL READOUT{4«NT» P + Q +« R + DELE )
CALL READOUT (4+NT. PDOT + QDOT +« RDOT s LMR ]
CALL READOUT ({4 .NT, Xa « YA + ZA +« QMR )
CALL READOUT (4 «NT+ LA + MA s NA » FXR 3y
CALL READOUT (4 NT.+ PHI « THETA  PSI + FYR )
CALL READOUT (4 «NT« PNID « THETDYT« PSIDT o+ QE )
CALL READOUT (4 NTs AQSS AlSS « B1SS + WIM )
CALL READOUT (44NT. AOS « A1S « B1S « THTR
CALL READOUT (4+NT+ XAOS v ¥YCS « XCS « XTR )
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THCS2
Bix2
BX1TN

.



CALL
CALL
CALL
C
C*¥% FORMAT
C

C#% CALL INOUT SETS UP

CALL
C
[
CALL
CALL
x
CALL
c

C#*#% ASSIGN
-

ASSIGN
ASSIGN
ASSIGN
ASSIaN
ASSIAN
ASSIaN

r

READQUT (4 +NTs N + NDOT « E + EDOT }
READOUT(AsNTs GMAX « SHP + CT » VT )
READQUT(24NTs Qv + QL H

NO«SUPPLIED TO SUPERVISOR FOR PRINTING JOB CARD FROM MF FILE

RTROUTE(MF ! +,9001345)

1/0 TO REQUESTED EQUIPMENT

INOUT (ADC48¢ DACsaBs LLDISIs60., LDISO.180)
DATABLX(TABLE+1%0s INTEGeP+ LOGICOls ADC+8s DAC.48.
LDISTs g0« LDISO. 180)

XDSPLAY(LDISIs |D!ISOs VARCHNG, ITYPE. IVARBUF, INTABLS)

STATEMENTS SET (P MODE CONTROL RETURNS TO PROGRAM

90001 YO
90002 TO
90003 TO
30004 TO
90014 TO
9001% TO

Ce® LOGICAL DISCRETES

c

00 10 IND
10 ADC(IND)
DO 20 1IN
20 DACU(IND)
DO 30 IND
30 LDISI{(IND)Y= »F,

DO &4n IND =

D

1.8

=
= O
»
=

1+48

De

NOPER
NHOL N
NRESFT
NTERM
NPRINT
NREAR

SET TO FALSFE

= 1480

40 LDISOUIND)= +F,

1,180

¢
C#% FUNCTINON DATA READ IN
c
READ 98, FOO1
READ 98: FO002
READ 98, FOO3
READ 984 FOCA
READ 98, FOOS
READ 9B8. FOOs
READ 98, FOO7Y
READ 98, FOO8
READ 98, FO009
READ 98, FO10
READ 98+ FO0O1}
READ 98, FO13
READ 98+ FO1la
READ 98+ FO1%
READ 98: FO16
READ 9B: FO17
RFAD 9Bs FO18
98 FORMAT(TF10,0)
c

C## CONSTANTS AND

o}

INITIAL PARAMFETERS

C#% INITIAL LOGICAL VARIAB(LFS

LOGIC(O1) = oF,
VARCHNG = oF .
MRESFT = ,T,
MHOL M = oFs
MOPER = oFe

C

C##* INITIAL INTEGER PARAMFTFRS
1CONnT = )
INTSCME = &
1RUN = 1
KNOTS = 3
KSCAN = 32
NEOQ = 12

Co# INITIAL DOUBLET

A1SSTEP = O,
BISSTEP = O,
THTRSTP = O,

CR%* SAS CONSTANTS

At x1
Al X2
A1X3
B81x1
B1x2
B1x3
THX1
THX2
THx)

INPUTS

51



AX1TN
AX2TN
Bx1TNn
Bx2TN
TYI1TN
TX2TN

C
C* PROGRAMMED

C
Cu®

cee

c
c*

52

x10
x20
x30
xa0
T10
T20

TeCe S ON

HO
REVTRAD
OMEGD

1C’S ON
PpoT
apor
RDOT
PHID
THETHT
PSIDT
upoT
vooTt
wpoT
NDOT
EDOT
HOOT

IN

DE
=

TEGRATED VARIABLES
Oe

Ce

Ce

Oe

O

Os

(e

Oe

Q.

5000,
30./PLE
33.9*REVTRAD

RIVATIVES (ISED IN TRIM
0.
O
O
O
O
O
O
O.
O
O
O
Oe

RECORDER GAINS

AOSGN = 1.

A1SGN = 10,

A1 SGN = 10,

THTRAN = S,

XAQSAN = 408686666668

¥CSGN = «10

YCSGN = o110

XTRGN = 10

PGN = 2%

GGN = 2.5

RGN = 2%

PHIGN = L,02%

THEGN z o0%

PSIGN u L05

UGN = L,00312%

VGN = L,02%

WGN n L02%

HGN = ,0001

ALFFGN = 0%

BETFGN = .0%

AI1SSaAN = 10,

B1SSAN = 204

BETSAN = 10,

BOTGN = 4333333
COCKPIT CONSTANTS

NILAGO = O

NSTIFKO = O

M7 = 32,/102a,

TLAG = le0

ACt = 140 -~ (TLAG/H7I®#(1.0 ~ EXP{-HT?/TLAG))

BC! 2 (TLAG/HT IR (140 - (1«0 + HT/TLAG)IREXP (-HT/TLAG))

oc1 = EXP(-HY/TLAG)

CcSKa = PIE/®00,

[-1.¢.) = -10,

CSK7? = 20,

XPBM 1| = 040

YPBM | a 0,0

XRCM 1 = 04,0

YRCM| = 0.0

XRTM1 = 3.1416

YRTM| = 3,.14186

SF10 = 16.62%

SF20 = 8,00



SF30 =-8,00

SFA0 = %,00
SFS0 = %,00
SF&0 "-%,00
SsE70 = 4,00
FOS( 1) = 0,0
FOS( 2) = %5,2170
FOS( 3) = 10+%500
FOS{ 4) = 13,734
FOS( %) = 19,1A3
FOS( 6) = 23,383
FOS( 7) = 274832
FOS( B) = 33,%67
FOS( 9) = 37,350
FOS(10) = 41.750
FOS(11) = 44,350
FOS(12) = 61990
FOS(13) = 77.930
FOS(14) = B3.834
FOS(1%5) = 106,784
FOS(16) = 1168600
FOS(17) = 128,336
FOS(18) = 128,336
<

AOSS = 40001
AlSS = O,
B15S = N
BETS? = O
€GO = 193,85
CNTERR = ,01
OPR n 5742987799
OTCON = le
DTO = ,02312%
GRWTn = 8822,.8
HDOTNO = 0.
LR = 9N00,
13 = 0,
PD = Q0,01748329
wim = 0O,
DO 7% J=1.11

7% XMATG(J) = 4001

c
Ce#® COMPUTE ROTOR BLADE PARAMETERS

C
DO SN J = |+ NRAD
YPE( ) = Y(J) + EFH
YTW() = TWIST#YPE(J),/RB
WIF(J) = 3.685%Y(J)/ ((OMEGO/REVTRAD ) *RB*RA)
50 CONT INUE
c

CH#% COMPUTF SINES AND COSINES AROUND AZIMUTH
C
DO 60 J = 1+ NAZ
PSIR w 2.#PIERFLOATI(J-1)/FLOATINAZ)
COSSIR(J} = COS{(PSIR)
SINSIR(J) = SINIPSIR)
&0 CONTINUE

c
BOVN = FLOATI(NB)/FLNATINAZ)Y

C

CH*% BEGINNING OF REAL TIMF LO0OP

C

CALL REAOY

~

C*% BEGINNING OF RESET LOOP
c
9N003 CONTINUE
1F (MHOLDY GO TO 90002
1F (MNPERY GO TO 90n0
c
CR% SELECT INITIAL CONDITINNS
GO T (901:902+90349Nn449054906)¢ KNOTS
(
901 CONTINUE
C#% HOVER INITIAL CONDITIONS
C
= 0.2738429
= -N.031216394a
B81S0O * -0,063409593
= 0.1292389
= -0.0192823724
THETAO= -0,062152122
UKNOTS= O,

vo = 0
wo = O
GO Tn 906

902 CONTINUE



c®*® 33 KNOTS

INTTIAL CONDITIONS

C
AOSO = ,2462616
A1S0 =-,024898768
B81S0 =-,0442382309
THTRA = 080909%0%
PHIO =-,014087214
THETAO==-40739337%7
UKNOTS= 334155712344
vo = 04,00
w0 =-4,1482%9
GO Tn 906

c

903 CONT[NUE

C## 80 KNOTS
C
AQSO
A15S0
B1S0
THTRO
PHIOD

INITIAL CONDITIONS

» 2396854
«0166214%2
+011830726
+0293136%%
+ 017073581
2097307772
79.928982
0.00

*=13,18009

GO Tn 908

C

904
c#® 105 KNOTS
<

A0SO =
A1SO =
B1SO =
THTRO =

CONT 1 NUE

INITIAL CONDITIONS

2991912
~+01892%199

+021399861

«+031807306

PHIC =-,028224227
THETAC=-411588238
UKNOTS® 105,1509769

vo = 0,00
wo *-20.,68070
GO To 906

C
90% CONTINUE
Cee 120 KNOTS

INITIAL CONDITIONS

c
ADSO = 42791526
A1SO =-,0217121%3
BI1SO = +04%7089%4
THTRD = o,038308344
PHIO 2-,034024789
THETAO=-,1291323
UKNOTS= 12040
vo » 0400
wo =~26433423

C

906 CONTINUE

UG = UKNOTS#] ,868%
KNOTS = 6

c
AOSC = A0SO
A1SC = A1S0
B81SC = B1S0
THTRC = THTRO

c

C#® TRIM CIRCUIT

CH#® 1F FUNCTION SWITCH B [S ONe
CH*% UNTIL STATE VARIABLE DFRIVATIVES ARE ZERO.

c
IF(LDISI(37))
TCOUNT =
MCOUNT = 1
c2 = .01
NT1 =1
NITER = O
LDISO(81) =
LDISO(111) =
GO To 100
CONT INUE
IF
CALL HALT
LOis6isly =
cArsoti1ty =
~ 10
~

Bo

1000

oFe
oFe

(MCOUNT +GT o1

oFs
Fe

+ 1

GO To 80

GO TO 100

ITERATE CONTROL DEFLECT]IONS



CALL SETUPAIXTRIM:THETAO WPHICsADSO+A1S04BI1SOsTHTRO«WIMIAOSS
1 A1SS +BleSs TLMR 1)
1005 CALL XMATRIX(XTRIM}
C
CH## CALCULATE THE EMATRIX
¢
DO 1010 NCOL 2 14NECOD!
CALL XVAL (XTRIMeNCOL Y
CALL SETUPA(XTRIMyTHETAIPH]I 1 A0S+ A1SsBIS«THTR«WIMyAOSS,A15S,
1 A1SS MR 29
CALL TRIMDER
CALL SETUPZ2(FTRIMWUDOT +VDOT s WDOT +PDOT +QDNT 4 RDOT+EOWIMEQADSS
1 AD1SS+«BD1SSFOLMR)
CALL EVAL(FTRIMINCOL Y
1010 CONTINUE
[
CH*% FIND THE MINIMUM SUM OF F-MATRIX COLUMNS
[
SUMMIN = TRSUM(1}
LL = 1
DO 1N20 Ka2.NEQP)
IF (SUMMING.LT«TRSUMI(x)) GO TO 1020
LL = K
SUMMIN = TRSUM(K)
1020 CONTINUE

C*® FIND THE MAXIMUM Sum
c
1030 SUMMAX = TRSUM(1 )
KK = 1
DO 1040 J=2,NEGPI
IF (SUMMAX.GT.TRSUM( )3 GO TO 1049
KK =y
SUMMAX = TRSUM(J)
1040 CONT INUE
e
C*® SET UP MATRIX EQUATION - EMAT#QVEC = EMAT + |
c

EMAT (1 +NEQP2}) = 140
104% DO I1NSO J=2.NEOQPI
1050 EMAT(JeNEGP2) a (1e=F2)*EMAT (JsLL)
[of
CH#® SOLVE MATRIX EQUATION FOR QVEC AND COMPUTE NEW TRIM VECTOR

c

CALL SIMEQA{EMAT sNEQPI +OQVEC « XMAT o XTR[M)

CALL SETUPA(XTRIMsTHETA+PHI +A0SsA15+B15+ THTRIWIM.AOSSeAL SS,

1 BISS «LMR +2)

CALL TRIMLER

CALL SETUP2(FTRIM.UDOT+VDOT s WDOT+POOT«ODOT +ROOT+EQWIMECAOSS »

1 AD1S5S¢BD1S5.EQLMR)

SUMNEW = O

DO 1070 J = 1 (NEON
1070 SUMNEW = SUMNEW + FTRIM(J)#%2

IF (SUMNEW oLTe TRMTOL} GO TO 1120

MCOUNT = MCOUNT + 1

IF (MCOUNT o4GTe 7%) GO TO 1135

IF (SUMNEW.LT+SUMMAX) GO TO 1090
1080 €2 = <5%C2

NT1 = 2

1F (C2eGTeleE-%) GO TO 1N8%

GO Tn ti1a0
1090 1F (NT!+EQe2) GO TO 109%

C2 = AMINL(2.%8C2+140)
109% NT1 = 1

C
C*% REPLACE WORST VALUES WITH NEW FUNCTIONS AND [TERATE
c
TRSUM (KK ) = SUMNEW
DO 1100 1 = 1 «NEQN
XMAT(leKK) = XTRIM(1)
1100 EMAT (141 +KK) = FTRIM (1)
IF (SUMNEW.GT+SUMMINY GC To 1030
Lt = KK
SUMMIN = SUMNEW
GO Yo 1030
1120 CONTINUE

C#% WHITE LIGHT 1| ON INDICATES VARIABLES ARE TRIMMED
c
LDISO(61Y = 4Te
1130 GO To 1160
C
C*% RED LIGHT 1t ON INDICATFES UNSUCCESSFUL TRIm
c
113% LDISOC111) = #Te
GO To 1180
1140 CONT INUE



1160

100

C
C

c2 = 401

NT1 = 1

CALL XVAL (XTRIMsLLY

NITER = NITER + 1|

IF (NITER.LE.2) GO TO 1005

LDISAT111) = 4T,

CONT INUE

XTRIM(11) = LMR

CALL SETUPA(XTRIMeTHFTAO+PHIC+AOSO+AL1SO«BISO«THTROSWIMsADSS«AISS,
B1SS +LMR +2)

wo = W
OELT = DT
CALL READY

CONT INUVE

XAOSY = (AOSO #DPR - AOSCO ) /XAO0SG
XCST = (B1S0 #DPR - B1SCO )/XCSG
YCST = (A1S50 ®#DPR - A1SCO 1/YCSG
XTRT = (THTRO#DPR - THTRCO)}/XTRG

C#®% [F FUNCTION SWITCH 13 1S ON ACCEPT
C#% CONTROL STICK INPUTS FROM COCKRPIT

[

110

[aNa]

Ces

2]

56

IF(LDIS] (a%)) GO To 110
AOSC = A0SO

A1SC = A1S80

81SC = B1S0

THTRC = THTRO

CONT INUE

A0S = ADSC
A1S = A1SC
B1S = B1SC
THTR = THMTRC

AUTOM = oF e

NF R a 0
INT
1PRINT =

n
- O

ISCHEMES. 1w2ND RK. 2=4TH RX. 322ND AM, AxqaTH AM, % = 1ST a@
ISCHREME = INTSCME

IFLINTSCMELEQ.S) 16CHEME = 3
cG = CGO

DT = DTO/DTCON
DELT = DT

DX =2 (CG - 20Dey/ 120
GRwWT = GRWTO

HDOTR = HDOTNO/6&0
MASS = GRWT/G

OMEGH = OMEGO/REVTRAD
OMEG = OMEGD

T « O,

vs = 1100,

14 = PO

Q = Q0

R = RO

PHI = PHI1O

THETA = THETAO

PSSt = PS10

u = U0

v = vO

w = wo

N = NO

E = EO

H = HO

NILAA = NILAGO
NSTICK = NSTICKO

Xt = X110
x2 = xX20
x3 = X30
Xa = X440
T1 = Tt0O
T2 = Y20
sr1 = SF10
sk2 = SF20
SF3 = SF30
SFe = SFa0
SES z SFSO



SFe& = SF&0
sSFT = SF70
[
At SCL = AISC
B8l SCL = #81SC
THTRCL = THTRC
PHIL = PM]
THETAL = THETA
PSIL = PSt
PHIDL = 040
THETHL = 0,0
PSIDL = 0,0
4

C*% BEGINNING OF OPERATE LNOP

90008 CONTINUE

90002 CONTINUE

0008 CONTINUE

c

CH*% IF FUNCTION SWITCH 1 1S ON APPLY
C##% DOUBLET INPUT TO SELECTED CONTROL

c

IF{eNOTWLDIST(33)) GO To 500
IF{(TeGTol o) eAND e (Te( To2e)) GO TO %01
IFL(TeGT o260 ) sANDe(Tot Te3e ) GO 7O S02
A1SC = A1S80
B1SC = B1SO
THTRe¢ = THTRO
GO To %00

S01 CONTINUE
A1SC = AtSO - A1SSTEP
B1SC = B1SO -~ BISSTER
THTRC = THTRO - THTRSTP
GO To 500

802 CONTINUE
A1SC = A1S0 + AISSTEP
BtSC = B1SO 4+ BISSTFP
THTRe = THTRO 4 THTReTP
500 CONT INUE

c
Ce# CALCULATE CONTROLS FROM COCKPIT INPUTS
c
IF{eNOTeLDISI(45)) GO TO 140
IFUINTeLES]) CALL ADCIN
LDISN(B1) = +F,
LDISO(B2) = .F,
LOISO(B]) = oF,
LDISNIRA)Y = &,
C
C#% [F COCxPIT IS ACTIVATEPs FUNCTION SwITCH 13 1S ON -~
C## COMPARE CONTROL STICK POSITIONS WITH TRIM POSITIONS
CH#% AND TURN ON WHITE LIGHTS 21422423424 WHEN TRIMMED
o}

IF {ARS (XAOS-XA0ST )eLF« XAOS*CNTERR) LD150(81)1xeTe
IFARS(YCS -YCST jeLFe YCS*CNTERR) LDIS0(B2)=eTs
IF(ARS(XCS -XCST )elLFe XCS#CNTERR) LDISO(B3)3eT,
IF(ARS(XTR —XTRT jsLFe XTR#CNTERR) LDIS0(B4)=,T,
GO To 150
c
140 CONMTINUE
XAOS = (AOSCH#DPR - ANSCO)/XADSG
XCS = (B1SC®OPR - B1SCO)Y/XCSG
YCS = (A1S5C#DPR - A31S5CO)/YCSG
XTR = (THTRC#DPR - THTRCO)/XTRG
150 CONTINUE
C
CH#% IF FUNCTION SWITCH 11 IS ONs+ SEND MODE CONTROL TO COCKPIT
c
1IF (oNOT+LDISI {43))G0 TO 151
IFCINToLESL) CALL ~PMODE
GO Tn 152
151 CONTINUE
MRESFT=LDISI(19)
MHOLN =LDIST(18)}
MOPER =LD1ST (17}
182 CONTINUE
C
d

C#% IF FUNCTION SWITCH 9 1¢ ONe SAS SYSTEM 15
C#% ACTIVATED AND WHITE LIAHT 5 IS ON

c
JMES = 2
IF(LDISI (A1) eORe(LDICI(84)eANDLDISI(SS) ) JMES = )
IFCINTeLESL) CALL ¢AS
LDISN(ES) = oF.
IF(LNISI (41)1e0Re(LDISTI(44)eANDSLDIST (S5} LDISO (65
IF(LDISTI(Aa1)eORe (LOICl (44 )2ANDSLDIST(5%5)}) GO TO 160

A1S5Ce = O
B1SCe = O

«Te

o7



THTRCS = O,
IF(oNOTe LDISI(I7)) GO TO 160

ADSC = A0SO
A1SC = A1S0
B1SC = B1S0

THTRC = THTRO
1640 A0S = AOSC
A1S = A1SC + ALIRCS

B1S = B1SC + B1SCS
THTR = THTRC + THTRCS
PHIL = PHI

THETAL = THETA

PSIL = PS]

PHIDL = PHID

THETDL = THETOT

PSIDL = PSIDT

A1SCL = A1SC

m1ScL = B1SC

THTRCL = THTRC

c

c#% RED LIGHTS 2+3¢4, OR S ON RESPECTIVELY

C#% INDICATES AOSs A1Ss RAlcse OR THTR IS5

C#% BEYOND SET LImMITS

C
LDISO(112) = oFs
LDISO(113) = oFe
LDISO(114) = oFe
LDISO(1I15) = oFe
IF(AOS oLTe ¢1396.0RA0S ¢GTee3490) LDISO(112) = 4T,
TF(AIS «LTa—6e1786.0R,A1S +GT4e1222) LDISOt113) = T,
IF(B1S LT 230%0R,B1S +GTee2410) LDISO(11&) = ,T.
IF(THTRLTe-01222s0RTHTReGTee4010) LDISO(LI1%) = 4T,

c

C## CALL SUBROUTINES

c
CALL AEROVAR
CALL FUS
CALL TatL
CALL MAINROT
CALL ENGINE
CALL ® AND M
CALL BODYDER
I INCRREFQs1 )Y AUTOHEeT.
CALL EARTH M

IF(INTLES] ) CALL NACOUT
LDISO(118) = +Fs
LDISOI117) = oFe
IFC(AUTOHY GO TO 170
IFCINTGTol ) 9000%,180
170 CONTINUE
c
cCe# RED LIGHT 6 ON INDICATES PH] OR THETA HAS BECOME TOO LARGE
C#® RED LIGHT 7 ON INDICATFS NEGATIVE ALTITUDE
c
IFINFRRGEQe1) LODISOt116) = o7,
IF{HLE«Q.00) LOISO(117) = o7,
180 CONTINUE

4
C#% SCALING OF REAL TIME OuTPUT

C
DAC( 1) = XAOS#XAOSGN
DAC( 2} = AQOS*AOSGN
DAC( 3) = XCS#XCSGN
DAC( 4} = BIS*B!SGN
DAC( %) = YCS#YCSGN
DAC( &) = AIS®AISGN
DAC( 7) = XTR#XTRGN
DAC( 8) = THTR#THTRGN
pDac¢ 9) = PRPGN
DAC(10) = Q®#QGN
DAC(11) = R#RGN
DAC(12) = PHI#PHIGN*NPR
DAC(13) = THETA#THEGN®OPR
DAC(14) = PS[|#PSIGN®#nPR
DAC(18) = ALFF#ALFFGN®DPR
DAC(16) = BETFEBETFGN*DPR
DAC{17) = HBHGN
DAC(18) = U#UGN
DAC(19) = VRVGN
DAC(20) = W#WGN
DAC{P1) = AISS#A)1SSGN
DAC(221 = B1SS#B1SSGN
DAC(23) = BETS[I#BETSEN
DACt(24) = BDTSI*BDTGN

c

C#% REAL TIME DISPLAY

o
TABLF (1 )= A1SS STABLE (1 Ti1=PHI

58



TABLE(2 )= AD1SS
TABLF(3 )= B1SS
TABLF (4 )z BD1SS
TABLF (S )= BETSI
TABLF (& 1= BDTS!
TABLE(? = E
TABLF(8 )= EDOT
TABLF (9 1= H
TABLF(10)= HOOT
TABLF(11)= N
TABLF(12)= NDOT
TABLF(13)= OMFG
TABLF(14)=s OMEGDT
TABLF(15)= P
TABLF(16)= PDOT
TABLF(233)=A0S
TABLF (3351=B15S
TABLF (37)=0MEGD
TABLF (125)=CT
TABLF (127)=C0Q
TABLF(129)=MTIP
TABLF (131 )=SHP
TABLF (1323)=YCS
TABLF (135)=XTR

IF(LNIS](22)) CALL SCANNFRIKSCAN)

CALL DSPLaAY
ITFILPISTI (17 GO Ton 200
1IF (VARCHNG} CALL TYPFVAR

STABLE(1B)=PHID
STABLF (19)3PS]
STABLE (20)=PSIDT
STABLE(21)=Q
$TABLE(22)=20D0T
STABLE (23) =R
STABLE (24)=RDOT
S$TABLE (25)=THETA
STABLE (263=THETDT
STABLE(27)sU
$TABLE (28)=UDOT
$TABLE (29)=V
STABLE (30)=VvDOT
STABLE (3t )=w
$TABLE (32)=wDOT
STABLE(34)=A1S
$TABLE (36)=THTR
STABLE(38)=T
STABLE(126)=CP
$TABLE (128)=MU
S$TABLE (130)=ASPD
STABLE(132)=XA0S
STABLE (134)=XCS

IF (ENABLE s ANDo TYPESW } CALL TYPEVAR

9NCS0 CONTINUE
ENABLE = oNOT4TYPESW

IF {AUTOTYP+ANDLDIS] {14)) CALL TYPEVAR

200 CONTINUE
CALL RTMODE
90001 CONT INUE
c
C®% RFCORD ON RFAL TIME FIF
c
CALL RECORD
c
<
IF{AYTOH) CALL RECYCLE
c

C#% T1C MARKS RECORDED ON CHART OURING EACH SECOND OF OPERATION
c

LDISNA(102)=4F,
LDISN(110)a,F,

IF(AMCD(Te14)eNELOs) GO TO 230

LDISO(102)=eTs
LDISN{110)=eTe
23" CONTINUE

C

9000% CALL IGRATE)

C

C#® [F INTSCME & 5§ . USE ADAMS-BASHFORTH INTEGRATION
IF(INTSCMELEQ.S) INT = )
IF(H,LE«0Q.000) AUTOH = oTa

PS1 = AMOD(PS!.6,28318)

s

C%#% [NTEGRATION FLOW CONTRAOL

C
IFUINToLE1} CALL REcCYCLE
GO TO 90008

C

90014 CONTINUE
WRITF(MF1+240) IRUN
IF(IPRINTGTel) GO TO 260
CALL DAYTIM(TIME)

WRITEIMFI4+250) TRUNGTIME(1)TIME (2)

WRITF(MF[425%) MESAGE (UMES)
IPRINT = 2
260 IRUN = IRUN 4 1

90030 CALL PLAYBAK(90032S)
WRITE(MF[4200)

x T « ASPD + GRWT + CG .
X M v HDOT + OMEG +OMEGDT.
X U v Vv « W + ALFF o
X UDOT « VDOY + WDOT + BETF
x P +« Q + R » DELE
X PDOT + QDOT « RDOT o+ LMR
X XA s YA +« ZA + OMR
X LA * MA ¢ NA s FXR o
X PH1 « THETA, PS] +« FYR .
X PHID +THETDY, PSIDTs QE .
X AOSS + AISS 4+ BISS o« WIM
X A0S + AlS « BIS o+ THTR

59



c
CH#% FUNCTION SWITCH &

C

c

X X X X

1FILNIST (38

WRITE(MF],301)

N

+ NDOT « E

GMAX « SHP « CT
ov

« oL

GO Tn 90030

9N029 CONTINUE
WRITF(MF1.302)

X X X X

XF
LF

+ YF + ZF
.« MF « NF

XANS « YCS « XCS .

wWH< .« YVS » ZHS .

xw

« 2w

GO Tn 90030
90032 CONTINUE

C
C#% FORMAT STATEMENTS

C

240 FORMAT(125X16})

250 FORMAT (AXBHRUN NO =

16+8X12HTHE DATE

1)
255 FORMAT (AXTHSAS IS a1n/)
300 FORMAT(IHZ210XIHT«E20,8+8XAHASPD«E2028+BXAHGRWT ¢EZ20+8¢10X2HCGEZ2NWB
/  1IXIHHE20eB+BXAHHDOT +E20 48+ 8X4HOMEG+E2C 0 8+ EXSHOMEGDT ¢ E2048/

301

C

c

X

XX KX X XXX XX

X X X x

X X X X

TIXIHUWE20 4Bl IXI HVIEZ2DeB 1 IXIHWE204848X4HALFF «E2048/

XTR

GC T 90029

FDOT

vT

VTR
YTR

WIWM

ON SFLECTS ALTERNATE PRINTED

ouTPUT

1S AlO+8X12H THE TIME

1S 810/

BXAHUDOT ¢E20+8 48XaHVDOTE20+8 1BXAHWDOT +E2CeB1BXAHBETF +£2048/

1IXIHP E20 4B 1 IXIHGWE2C o841 I X1HRWE20e848X4HDELE +£2048/

BxaHPDOTAE20¢8¢BX4HODOT+E20+8¢BXAHRDOT +E204 84 IXIHLMR .
10X2ZHXAIE204Bs 10X2HYAIE20 o8¢ 1OX2HZA +E20¢Bs IXIHAMRIE20,48/
IAX2HLAGE2C 484 10X2HMAWE20 .84 10X2ZHNAWE20,8¢IXIHFXRE2C8/
OXIHPH [ sE20e By TXSHTHETAYE2CeB s IXINPS [ +£20B ¢ INIHFYRIE20e8/
BYAHPHID+E20eB ¢ EXEHTHETDT +E20+84¢ 7XSHPSINTE2048+ 1 0X2HQEWE20e B/
BXAHADSS +E2NeBeBXAHAI SS1ELCeB8+8X4HB1ISSE204B+IXIHWIMIE2048/
IXIAHADS +E20e8+IXIHAIS+F 208+ IXIHBISE20.841BXAHTHTR £20.8)

FORMAT (1H2
TXAHXADS +E2C R+ IXAHYCS1E2CeB4IXIHXCS1EL0eB+IXIHXTRIE2C 4B/

TIXIMNGE20 28 ¢BXAHNDOTsE20e8¢ 1 1 XIHEE20e8+8XAHEDOTE20e8/

E20+8/

BXAHOMAX ¢E20eB eI XIHSHP (E2048¢ 1OX2HCTIE20 48+ 10X2HVT,,E20,8/
10X2HAVE20484 INXPHAL «E2087/7)
302 FORMAT(1H2

OGX2HXF sE204B84s 10X2HYF»E20eB+ 1 OX2ZHZF +E20. 8¢ IXIHVTRE2048/
TOX2HLF ¢E20,8 ¢ OX2HMF +E20 B¢ 1OX2HNF sE20¢ B+ IXIHYTRIE2048/

OXIHWHS (E20 4B+ OXIHYVSEZT eBeIXIHZHS+E20,B+8XAHWIWME20,8/
10X2HXWE2CQ 4B 10X HZIWF 2048/ /)

CALL

APRINT

anC1s CONTINUE

90016

90017

90004
T

0034

60

caLy
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
cAaLL
CALL

RELEASE

READOUT (4 4NT»
READOUT (4 ,»NT.,
READOUT (4 4NT»
READOUT (4 sNT s
READOUT (4 4NT
READOUT (4 «NT o
READOUT (4 4NT
READOUT (4 «NT,
READOUT (4 «NT ¢
READOUT (4 4NT «
READOUT (a «NT
READOUT (4 oNT

IF(LNIST 38y GO

CALL
CALL
CALL
CALL

READOUT (4 +NT»
READOUT (4 +NT »
READOUT (4 yNT .
READOUT (24NT

GO Tn 90017

CONT INUE

CALL
CALL
CALL
CALL

READOUT (4 +NT«
READOUT (A «NT»
READOUT (&4 oNT +
READOUT (24NT .,

CONT INUE

CALL

AREAD

CONT [NUE

CALL
CALL
CALL

FORMAT(5SH JOB.43+28800+65000s C1152¢

END

ATERM
SYNCH
RTMODE

T

H

U
unoT
[}
enoT
XA
La
PHI1
PHID
AQSS
ANS

To 90016

XAO0S
N
QmAX
Qv

xF
LF
wHS
Xw

YCcs
NDOT
SHP
QL

YF
L3
YVvS
Zw

GRWT
OMEG

wDOT

ROOT
ZA

NA
P51
PSIDT
81SS
815

XCSs

cT

2F
NF
ZHS

-

. o

cG )
OMEGDT)
ALFF b
BETF b
DELE )
LMR )
amR 1
FXR H
FYR }

H
Wim }
THTR 3

XTR
EDOT
vT

vTR
YTR
wiwm

13912+ LUCIE

GIBSON

RM21 31



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. 1(a)) through the
use of potentiometers (located on the program control console (fig. 1(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 Deffected Stick
Positions Through
Cockpit Inputs

Cockpit
Tie-In

No

Compute Deflected Stick
Positions Through
Potentiometer {nputs

[ Compute Controls |

{
( RETURN )
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SUHROUTINE ADCIN

PROGRAM PROVIDES ADC INPUTS THRM. &
POTENTIOMETZRS OR COCKPIT

TYPE STATEMENTS AND DIMENSTUON Y v AR TARLE S

RFEAL L1IM
LOGICAL LDIS!T

INTEGRATION COMMUNICATION

COMMON
X ZINTCOMM, T « DT « INT « NEG .
X [SCHEME ¢ DERINT(2412)

x /REALTIM/Z ADC(32)s DACI64 Y LOIDLIIGH Y LOISDI178)

X NOPE « NHOLD o NRESET o NTERM )

X NPRINT o NREAU

SUHROUTINE COMMUNTCATION

COMMON
X /ZUNTL C 7/ AODGC « Al SC « B1SC o THTIRC o« A1) o 1T
X THTRCL
X JUNTL P/ ADSCO W ATSCO « BLSCO v THTRON . XA v vl GG
x XCSG  XTRG « XAOHR o YOSR P SO « XTRR
x JLAGSTK 7/ NILAG « NETICK
X /SCALLES / =F1 « SFZ2 « SF2 « 2F 4 o TFE P Y
x LET
x /STICKS / XAD™ YOS ¢« XCH ¢ XTR « Divw I
X sSTINPUTZ X1 + X2 « X3 +« X4 « T « T2
LIMIXsAsR) = AMINY (R¢AMAXY (Xah))

IFILDIST taa GO Ty 172

IFINSTICKeNFel ) GO T 127

IF(TelTaTl GU T2 10

IF(TeGTeT2) ICEANEE RO Bl

X1t = X1

2?2 = X2

x33 = X3

Xa4 = xa

GO TO 101

10N CONT INUE
X1t =

9]

= Do

X227 = De

X33 = O

Xaa = U

STICK DEFLFCTIONS THROUGH BRI MT HOME TERS

101 CONTINUF

hg-Yake! = ANC(1)*XAQYR + x11

XCh = ADC(3)r*x{(HR + X33

YCS = ADC( (2 *¥Y(COR + X222

XTR = ANC(4)®*XTRR + Xa4

GO TN 103

COCKPIT STICK DFFLECTIONG

102 CONTINUE

XANSCOL = LIMISF1I*ADC (1) . Cele 133

XCSCOoL = LIMISFIADC (1) + HFOEXADC(OH)e —4eBs 4.8 )

YCSCOL = LIM{SF2EANC(2) + SFR*¥ADC(5)e ~deRBe 448 )

XTRCOL = LIM(SFaAa*ADC(4) + SFT7X¥ADC(7)e =37 30 \

XADS = XAOSCOL

XCS = XCSCOL + 448

YCs = YCSCOL + 4.8

xXTR = XTRCOL + 3.0
103 CONTINUE

AQSC = (AQSCU + XAQSG#XAOS)*RPD

A1SC = {A1SCU + YCSG *¥YCS )Y*RPD

B815C = (B1SCO + XCSG *XCS )*¥RPD

THTRC = (THTRCO+ XTRG *XTR )*RPD

RETURN
END



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

L

Compute Sines and
Cosines of Euler Angles

Yes

&

Compute Z-axis
Body Velocity

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

Y

RETURN
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X X X X X

X X X X X X X X

X X X X X X

100

SUBROUT INE AEROVAR

REAL LMR
LOGICAL

COMMON
/

PROGRAM COMPUTES ROTOR INFLOW VELDCITY.
FUSELAGE AIRSPEEDs AND DYNAMIC PRFSSURES

TYyPE STATEMENTS AND DIMENSTONED vARTARLFS

LDIS!

INTEGRATION COMMUNICATION

INTCOMM/ T + DT o INT « NEQ .
[SCHEME, DFRINT(2,12)

/REALTIM/ ADC(32). DAC(64), LDISI(108)s LDISO(196)

NOPER + NHOLD o+ NRESET s NTERM .
NPRINT , NREAD

SUBROUTINE COMMUNICATION

COMMON
/ADVY C 7/ OMEG « WIM « VT « QV « GL « ASPD
/ADV P s ADVPI « ADVP2Z2
/EUL CS/ COSFI + SINF1 + COSTH ¢« SINTH + COSST « SINSI
/FTRMPLS/ EQLMR + EQAOSS. EQWIM + HDOTD
/GPARAM/  DELT « RHO « G « PIE
/MROT C/ FXR « FYR + LMR v LRH + MR +« QMR

ADSS « ALFSIY,. UTSIYV « BETS! .+ BDOTS!I . A1SS
AD1SS « B1SS .+ BO1SS

EQUIVALENCES

EQUIVALENCE

COSF1
SINF]
COSTH
SINTH
COoSss1 =
SINST =

N

IF(oNOT e
"] =
CONT INUE
WM =

ASPD
vT
IFt vTeL
wimp =
IFCINTSL

QL
av =

RETURN
END

(DERINT (1. 4).PHI] Ve
(DERINT (1l S5)«THETAY,
(DERINT (1« 6)«PSI Yo
(DERINT{(1+ 734U Yo
(DERINT(1s 8)4V Ye
(DERINT(1+s F)ew )

COMPUTE SINES AND COSINES OF FULFR ANGLES

COS(PHI)
SIN{(PHI)
COS(THETA)
SIN(THETA)
COS(PS1)
SIN(PST)

COMPUTE LINEAR VELOCITY ALONG 7-AXIS
AND NET AIR VFLOCITY PAST HIIB

LDISI(37))y GO TO 100
(URSINTH — V¥SINFI#COSTH ~ HDOTD)/(COSTH®*COSF 1)

W wWim

COMPUTE AIRSPEEDs TOTAL VELOC!ITY THROUGH
MAIN ROTORAND MFAN INFLOW YFLOCITY

SORT(URU + V#V + wWw}l/ 1.689
SQRT(URU + V#V + wM#yM)

EeDe vT = 400001
ADVP 1 #L MR /RHO/VT
Eel) WIM = ADVP2¥ (WIMP ~ WIMIRDFELY + WIM

LATERAL AND VERTICAL DYNAMIC PRESSURES

Qe SERHO® (UNU + vV
CeSHRHO* (URU + WMAWM)

L)



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 & or 4 becomes too large.

( BODYDER >

Y

Compute Roll, Pitch,
and Yaw Accelerations

® or 0 Yes

too large

Compute Euler Angle
Derivatives and Body
Velocity Derivatives

RETURN
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SUBROUT INE BODYDFR
PROGRAM COMPUTES BODY MOTION ANGULAR
AND L INEAR ACCELERATIONS AND VELOCITIES
TYPE STATEMENTS AND DIMENSIONED VARIABLES
REAL LA+ MA, NAs IXX, lYYs 1ZZ+ MASS

INTEGRATION COMMUNICATION

COMMON
x /INTCOMM/ T v« DT ¢ INT « NEQ .
X ISCHEME s DERINT(2.12)
SUBROUTINE COMMUNICATION

COMMNAN
x /ERROR / NERR
X /EUL €S/ COSFI +« SINFI « COSTH » SINTH 4+ COSS! + SINSI
X /F N M C/ XA + YA « ZA o LA « MA « NA
b4 /GPARAM, DELT +« RHO « G v PIE

X /SHIP P/ IxX « 1YY s 122 » MASS

EQUIVALENCES

EQUIVALENCE

X (DERINT (1, 1).+P Ye (DERINT(2+ 1)+PDOT Yo
x (DERINT (1, 2)4Q Ve (DERINT(2+¢ 2)+QDOT o
X (DERINT (1, 3)R Yo (DERINT (24 3)+RDOT | K
X (DERINT (1, 4)+PHI Yo (DERINT (2¢ 4)PHID Yo
X (DERINT(1, S)sTHETA) (DERINT(2¢ S+ THETDT ) »
x (DERINT (1, 6)+PS1 Yo (DERINT (24 6)«PSIDT 3o
X (DERINT (1, 7)eU Ve (DERINT (24 7).UDOT Yo
X (DERINT (1, B)sV Yo (DERINT (2« 8).vDOT Y
x (DERINT (1, 9)Ww D) (DERINT(24¢ 9)aWDOT b}

COMPUTE ROLL+ PITCHe AND YAW ACCELERATIONS

PDOT = (LA + (IYY=-1ZZ)#Q#R)/1XX
QDOT = (MA + ([ZZ~-IXX)®R#P)/1VYY
ROOT = (NA + (IXX-IYY)®#PRQ)/1ZZ

1F PHI OR THETA GETS TOO LARGE PROGRAM
PUT INTO AUTOMATIC HOLD TO PREVENT ABORTION
wWlTH A MODE 4

IF(ARS(THETA) ¢GT el e5,0ReABS(PH1 ) eGTele5) GO T0 10
COMPUTE EULER ANGLE DERIVATIVES
PSIDT = (R®#COSFI + Q#SINFI)/COSTH
THETDT= Q#COSF] - R®*SINFI
PHID = P + PSIDT#SINTH
COMPUTE B0ODY VELOCITY DERIVATIVES
UDOT = XA/MASS + Rty - Q%W - G#*SINTH

vDOT YA/MASS + PRy —~ R#U + GRCOSTHH*SINFI
WDOT = ZA/MASS + Q#y — PRV + GRCOSTH¥*COSFI

RETURN
CONT INVE
NERR = 1
RETURN
END



CPMODE

Subroutine CPMODE contains the logic statements necessary to allow mode control
of the computer program from the cockpit by the pilot.

LD1S1(49)

or MRESET

RESET mode
selected

LDISI{50)
or MHOLD

HOLD mode
selected

LDIST(51)
or MOPER

OPERATE mode
selected
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100

200

300

400

X
X
X

X

SUBROUT INFE CPMODE

PROGRAM PROVIDES MODE CONTROL TO COCKPIT

TYPE STATEMENTS AND DIMENSIONED VARIABLES

LOGICAL LDISIs MRESETs MHOLDs MOPER

INTEGRATION COMMUNICATION

COMMON
/REALTIM/ ADC(32)s DAC(64)y LDISI(10B)e LDISO(196)
NOPER « NHOLD + NRESET « NTERM .
NPRINT « NREAD
SUBROUTINE COMMUNICATION
COMMAN
/MODEC ~/ MRESET +« MHOLD « MOPER
IF(LNISI(49)) GO To 100
IF(LNISI(S0)Y) GO Tn 200
IF(LNIST (51 GO Tn 300
1IF (MRESET) GO TO 1n0O
IF (MHOLD) GO TO 2n0
IF (MOPER) GO TO 3n0
GO Tn a00

RESFT MODE
MRESFT = +Te
MOPED = oF,
MHOLN = oFe
LDISTI(19) = T

LDISTI(17Y = oFe
LDISI(18) = oF,
GO To 400
HOL.D MODE
MHOLN = T

MOPER = oFe
MRESET = oF,
LDIST(18Y = +T,

LOISTI(17) = oFs
LDIST(19) = oF,
60 Tn 400
OPFRATE MODF
MOPER = oTe
MHOLN = oF
MRESFET = 4F,
LDIST(17) = T,
LDISTI(1B) = 4F,
LDIST(19) = «F,
CONT INUE
RETURN
END



DACOUT

Subroutine DACOUT contains the equations and logic necessary to drive the cockpit
instrumentation. The following instruments are included:

(1) attitude direction indicator
(2) altimeter

(8) rate of climb indicator

(4) two minute turn indicator
(5) bank angle indicator

(6) main rotor RPM indicator

(7) airspeed indicator

DACOUT

Instrument Test

Static Check Voltages
on Instruments

Drive Attitude Direction, Altimeter,
Rate of Climb, Two Minute Turn,
Bank Angle, Main Rotor RPM,

and Airspeed |ndicators

RETURN
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10¢

200

201
202

300

LOGICAL

X X X X X XK X KX X X X XX

X X K X X X

SUBROUT INE DACOUT

REAL L1IM
LDIST.

COMMON
/INTCOMM/

/REALTIM/

COMMON
/ACCEL~,
r7ApDY C 7
/7CRIC 7/

SGPARAM/

/LAGSTK /
/MQOEC s
/STICKS /7

EQUIVALENCE
(DERI
(DFRI1
(DER!
oFRl
(oFel
(CERI

PROGRAM PROVIDES DACS NEEDFO Tn

DRIVE CNCKPIT

INSTRUMENTS

TYPFE STATEMENTS AND DIMENSTONFN yaRIARLFS

LDISOs MRESETs MHOLD

INTEGRATION COMMUNICATION

T « OT .

INT

ISCHEME . DERINT(2412)

ADC (32)s DAC(64 3. LDIST1(108)s LDISO(196)

NOPFR » NHOLD .
NPRINT  NREAD

SURROUT INE

Ax + AV .
OMEG s WIM .
acl « BCH .
YRTMI « XPBM1
FO&(18)

DELT « RHC .
NILAG « NSTICK
MRECET , MHOLD o
XADS » YOS .

NRFeFT

MOPF R

« NEO

+ NTFRM

COMMUNTCATION

AZ

vT .
[alen] .
veoamy .
o .
MOPER
xXCS .

FQUIVALENCFES

NT (14 a)ePH] T
NT 1y S)eTHFTA)Y,
NT(ls 6)40S1 Ya
NT 1. V4R Ve
NT 1 ,12)4F 1 K3

NT 241218007 )

DATA PALT / 0.0 /
LIM(XeAGBY = AMINI (A ,AMAX] (X +A))
pPHIQAL =-AY,sAZ
OMEGRPM = OMEGR®DPR/&,C
INSTRUMENT TEST
[F{(«eNOTs LDIST(421 GO TN 1IN0
PHI = DeS24
THETA = De78%54
PSIT = 04528
HOOT = 2%
H = S0
PHIBAL = Oel
R = D.0262%#2.0
OMFGRPM = 324,
ASPD = 130,
CONT INUE
ant
DAC(2S) = —~-COSIPHI)
DAC(26) = =SIN(PHI)
DAC(27) = -COS(THETA)
DAC(2B) = —SIN(THETA)
DAC(29) = -COS(PSI1)
DAC(30) = -SIN(PSI)
ALTIMETER
PALT = PALT + LIM{H ~ PALTs —184a 154
AA4 = PIFE = AMON(PALT1000.) #rSKa
DAC(31) = COS(AA4q)
DAC(32) = SIN(AAay
RATE OF CLIMB
ZS0P = LIM(HDOT®#60es -399F:99, 3999,.59)
1F(zZsCP) 200+ 201+ 201
CSKS = =1aC
GO TO 2C2
csKs = 10
CONT INUE
IF(ZSOP «aGE+ 1000 s« OReZSDP L Fe~-10NNe)
X% = 10C.
I1Dx =0
GO TO 301
XX = 500,

av
XRCMIL
£SKka

GO TH 30N

oL
yREM|
CaxEk

nPe

Acmn
XRTML
e

wpn

.
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301

302

303

304

400

401
402

501
502

IDX = 8

551 = ZSDP/XX

151 = SS]

152 = IDX#CSKS

1s = JABS(IS1 + [52) + 1

SS = ABS(SS1 - ISl)

ZSDF = CSKS#( (10 - SSH®FOS(IS) + SSH¥FO5(1S +
IF(NILAGsEGe1) 302. 303

AASX = ZSDF#RPD

AAS = DCI#YRCM]I + BCI#XRCM! + ACI#AASX
XRCM1 = AASX

YRCM1 = AAS

GO TO 304

CONT INUE

AAS = ZSOF #RPD

CONT INUE

DAC(33) = —-COS(AAS)
DAC(34a)= SIN(AAS)

TWO MINUTE TURN

IF(NILAGsEQs 1) 400+ 401

AAEX = LIM((R¥CSK6E + PIE)s Oe0s 642831)
AA6 = DCI#YRTM] + BCI#XRTM1 + ACI¥*#AA6X
XRTM1 = AA6X

YRTMI = AAG

GO TO 402

AAE = LIM((R®CSKE + PIE)s D04 662831
CONT INUE

DAC(35) = LIM(COS(AAS)s —-+8B86« +2886)
DAC(36) = LIM(SIN(AAG): -o5004s «500)

BANK

IF(NILAGeEQs L) 5004 501

AATX = (LIM(PHIBALs -415s «15))%#CSK7
AAT = DCI#YPBM] + BCI#XPBM] + ACI®#AATX
XPBM1 = AAT7X
YPBM] = AA7
GO TO %02
AA7 = (LIM(PHIBALs =215+ o15))#CSK?
CONT INUE
DAC(37) = —COS(AA7)
DAC(38) = -SIN(AAT)

RPM

DAC(39) = LIM(OMEGRPM/ S500e+ 00y +9996)
INDICATED AIRSPEED
DAC(40)=LIM(ASPD/140440e04049996)
MODE CONTROL DISCRETES
LDISO{1) = MRESET
LDISO(2) = MHOLD
LDISO(3) = MOPER

RETURN
END

1
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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).

(EARTH M)
[

Compute Earth Reference
Velocities and Earth Ratas

V

RETURN

SURROUTINE FARTH ™

C
c PROGRAM COMPUTES FEARTH RATES Av RESOLUTION
C OF BODY AXIS VELOCITIES TRNUGCH FULFRk ANGLES
C
C
« TYPE STATEMENTS AND DIMENSIONED VARIARLES
~
REAL NDOT
C
C INTEGRATION COMMUNICATION
C
COMMON
X ZINTCONMM, T « DT o INT . NEQ .
X [CCHEME y NDERINT (24172
C
o SURRQUT INF COMMUNTCAT I ON
c
COMMON
X /EUL CS/ 0 COSF v SINFIL o COSTH 4 SINTt & COSST ¢ SINS]
C
C FQUIVALENCES
C
FQUIVALENCE
X (OFRINT(1le 7)aU )
x (DFRINT (1« BYsVv Ye
X (DFRINT(1e F)aw )
X (DFRINT(2410)«NDOT 3o
X (DOFRINT(2411)«FDOT o
X (DERINT(Z+12)«HDOT )
C
C COMPUTE EARTH REFFRENCT i LOCITIES
-
vPE = V¥CNXRF1 — W*SINFI
wWPF = VE¥SINFL + wrCQOGF ]
UPE = UXCOSTH + P #5INTH
C
C COMPUTE EARTH RATHS
C
HDOT = U*SINTH - WPE*COSTH
NDOT = UPF*CO35LT - VPE*GINSI
EDNT = UPE*SINGT + VPEX*CQS5SI
C
RETURN
NN
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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).

\

L Compute Engine Torque Derivative ]

Compute Rotor Angular
Velocity and Engine
Torque

Compute Engine Torque and
Maximum Engine Torque

Limit Engine Torque

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

( RETURN )
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SUBROUT INE ENGINE
PROGRAM COMPUTES REQUIRFD ENGINE TORGUF,
MAX IMUM ENGINE TORQUE AVAILABLE. AND
MAIN ROTOR ANGULAR VFLOCITY
TYOE STATEMENTS AND DIMENSIONED VARIARLFS

REAL IROTs MU« MTIP
LOGICAL LDISI. LDISO

INTEGRATION COMMUNICATION

COMMON

X ZINTCOMM,/ T + DT » INT « NEG -

X ISCHEME, DERINT(2412)

X JREALTIM, ADC(32), DAC(6a), LOISI(108)s LDISOCI96),

X NOPER « NHOLD 1+ NRESET » NTFRM™ +
X NPRINT « NREAD

SUBROUTINE  COMMUNICATION

COMMON
x /ADV C / OMEG o WIM « VT « Qv « QL « ASPD
X /COEF s CT « CP « CQ v MU . MTIP ¢« VS
X /CONTRL/ AOS « ALS « BlS « THTR « OMEGD

X ZENG C 7 QMAX « OE + SHP « GRWT « OMEGOT

X ZENG P / IROT « CKEL
X /GPARAM,/  DELT « QMO v G « PIE

X /MROT C/ FXR » FYR » LMR « LRH « MRM + QMR
X a0SS « ALFSIY. UTSIY » BETSI + BNTS! . AlSS
X aAD1SS « B1SS » AD1SS

X /ROT P 7/ TwIST « FMRES « CKAD + CKAB1 4 CxAR?2 , CKAR3J
X NRAD W« NAZ « N8 « PB « EFH

X /SHIP P/ Ixx o Ixy » 122 + MASS

EQUIVALENCFS

EQUIVALENCE
X (DERINT(ls 7)4U Y
X (DERINT (141204

COMPUTE ENGINE TORQUE RFGUIRED
AND LIMIT TO MAXTIMUM

GEN = CKE]#(OMEGD ~ OMFG) + QMR
IF(.NOTe LDIS1(37 1) GO TO 100
OMEG = OMEGO
QE = QMR
CONT INUE
IF(INT«LEW1) QF = OE + (QED - QF ) #DELT
OMAXY = (202.63158%(H -~ 250Cs+) + 412500«)/ OMEG
IF{ Hel Te2500. ) GMAX = £0S00N./ OMEG
IFLDIS (371 30 TO 2n0
IF( QE«GTOMAX ) ne = QMAX
CONT INUE
RED LIGHT 8 ON INDICATES
ENGINE TORQUE GRFATER THAN MAXIMUM
LDISO(118) = «Fe

I[F (QE « GE « QMAN) LOISO(118) = T
CNMPLTE  ROTOR ANGULAR ACCFLFRATINON

OMEGDT= (QE - QGMR)/ 1ROT
IFUINTeLESL) OMEG = OMFG + OMEGNDT*DELT

COMPUTE SHAFT HORSEPOWER

SHP = QMR¥OMEG/SS50.
COMPUTE ENGINE THRUST. POWER. AND TOROGUE
COEFFICIENTS
cT = GRWT/(RHO#PIE#RBRRB* { (OMEG*RB)I*#82))
cP = (S50 #SHP 1/ (RHO#D IE#RBRIB* ( (OMEGRRII# 1))
cQ = QMR/ (RHO*POF SNBARIXNB* ((OMFGHRB I #%2) )
CAMPUITE TIP SPFFN RATIO AND MACH NUMBFR
MU = (1e6BI#ASPD) /LOMEGHREB)
MT 1P = (1+689%ASPD + OMEG#RB) s/ VS§
RETURN
END



EVAL

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

AONDNOOND A0

s NeNe]

100

(evaL )

A

Set Up (n + 1) x (n + 1) Matrix
of Functional Evaluations

A

Square the Trim Equations
and Compute Summation
of Each Column

A

RETURN

SUBRNUT INE EVAL (FeNCOL)

PROGRAM SETS UP AN (N+1)IX(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

TYPE STATEMENTS AND DIMENS10ONED VARIABLES
DIMENSION F(11)
SUBROUTINE COMMUNICATION
COMMAN
X /TRIMAT/ XMAT(11412) EMAT(12+13)» TRSUM(12)e NEGN.

X NEGP1 « NEQP2 « XMATG(11)

EMAT (1 «NCOL) = 140
TRSUMINCOL)Y = O,

DO 100 J=2.NEGPI

EMAT (JeNCOLY = FiJ=-1)

TRSUM(NCOL Y = TRSUM(NCOL) + EMAT (JsNCOL ) %%2
CONT | NUE

RETURN
END
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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).

\
Sum Forces, Compute Moments
About Center of Gravity, and
Compute Accelerations

Y

( RETURN )
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s NeNeNeNeNaNe!

ao0on

a0

(g} [aNe}

(@]

a0

SUBROUTINE F AND M

REAL IR+ LMR

COMMON
X
X

COMMON

X XXX XXX XXX XXX X

L.LRH« MR

ZINTCOMM/ T

EQUIVALENCE

X
X

X A
YA

ZA

LA

MA

NA

AX
Ay
AZ

RETURN
tNu

ISCH

/ACCEL/ AX
/ADV C / OMEG
/ENG C s QMAX
/F N M P/ DX
DZTR
/F N M C/ %A
/FUS C s/ XxF
X W
/MROT C/ FXR
AQES
AD1S
/SHIP P/ Ixx
/TAIL C / ALFH
WHS
(DERINT (1,

(DERINT (14

= XF + Xw +
= YF 4+ YTR +
= ZF Zw  +
= LF + LRH +
+
= MF + MRH -
+
= NF + GE +
= XA/MASS
= YA/MASS
=~ZA/MASS

PROGRAM COMPUTES NET FORCES AND MOMENTS
ACTING ON HEL ICOPTER
TYPE STATEMENTS AND DIMENSIONED VARTABLFS
He LAs MA, NA, LF« MF, NF+s MASS

INTEGRATION COMMUNICATION

« DT o INT « NEQ .
EME.s DERINT(2,12)

SUBROUTINE COMMUNICATION

v Ay « AZ

« WIM « VT « QV + OL « ASPD

« QFE + SHP « CRWT +« OMEGDT

« DXHS « DXTR « DxVS +« DZ .

« DZVS « DXxw + DZW « IR

« YA « ZA « LA +» MA v« NA

+ YF « ZF « LF +« MF « NF .

« WIWM « ZW « ALFF s BETF + ALFW

« FYR « LMR v LRH « MR# + QMR .

« ALFSIvY, UyTSIY « BETSI + BDTS! o+ A1SS )
S « B1SS « BD1SS

» 1YYy « 122 « MASS
S « BTVS « ZHS » YVS +« VTR "

« YTR « DELE

EQUIVALENCES

1).P )

2).Q )

SUM FORCES

FXR
FYR + YVS
ZHS - LMR

COMPUTE MOMENTS ABOUT CeGe

DZ%*FYR + (DZ - DZTR)I#YTR + (DZ - DZVS)I#*#YVYS

IR*OMEG *G

DZ#FXR -~ (DZ - DZw )1#XW + (DXHS = Dx)*¥ZHS
(DXw =~ DX)*Zw + DX#LMR —~ [IR*¥OMEG#*P

DX*FYR -~ (DXVS =~ DX)#YVS = (DXTR - DX)*#YTR

COMPUTE ACCELERATIONS

(i



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).

FUS

A

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

\
( RETURN )
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SURRNUT INF FUS

PROGRAM COMPUTES FORCES AND MOMENTS FOR

FUSELAGE AND WING

COMBINATION

TYPE STATEMFNTS AND DIMENSIONER VARIABLFS

REAL LFe MFe NFs W
LOGIrAL LDISIs LDISO

INTFGRATION COMMUNTCATION

+ NEO .

LDISOtI96)

+ NTERM .

COMMAN

X ZINTCOMM/ T « DT » INT

X ISCHEME s NFRINT(24,12)

X /REALTIM/ ADC(32)+ DAC(648)s LDISI(108)
X NOPFR s NHOLD « NRESFT

X NPRINT « NREAD

SUBROUTINE COMMUNICATION

FOLT7(35«10)w

¢« CXx2 » CYTR

« CYVS + CZHS

+ GEH
FNOa(lay, FOOSII)
FNO9(14)e FOL1O(28)
FO1S(07Yse NOIB(2T)
D004 10T)se DOOS(09)
DOQ?(09)e DOIO(DI)
CO15t09)s DOLI&(LB)

« QU aASPD

 MF « NF
« BETF « ALFwW
o CKwlwMe Tw
v SXF2 + SYF

COMMAN
x JFCNNAME / CLF ) v CMF1 4 CNF1 cx1
x CYF . CZF + CXW czw
x CDSIY & CLSIY o Dw GEvV
X /FUNCS 7 FO001(28)« FOO2(28)s FOO3(14) s
x FOOK(2B)e FOD7(14)s FOOBIZ28),
X FO11(3%)e FOIA(AT)s FOLAIOT)
X D001 (09)s DCO2(09)e DOO3IOD) e
X D00/ (09)s DOO7(09)s DOOB(0F)
x D011(09)¢ DO13(091s DO1A(0D)s
x DO17(181¢ FOI16(35410)

COMMAN

X /ADV C / OMEcC . WIM « VT av

X JFUS C / XF « ¥F . ZF LF

X xw « Wlwmo o, 7w ALFF
x /FUS P s CLF> « CMF2 . CNF2 CKRF
x VLF + VMF « VNF SXF 1
x 52ZF « Sxw « SZw

EQUIVALENCFES

EQUIVALENCE

X (DERINT(1. 1)eP )e
X (DERINT 1, 2)40Q be
x (DFRINTIl, 33aR e

x (DEFRINT (L, Trel) Y.

x (DERINT (1, 8)sv Yo

X (DERINT (1, 9)ew )

COMPUTE SIDESLIP AND ANGLES (* ATTACK

uL = U

IF(UL,EQeD,) UL = «n0001

ALFF 2 ATANZ(W-CXRFawIMJUL)
BETF = ATAN2(V.UL)
ALFW = ALFF + 1w

WHITE LIGHTS 13414415 [N
ALFW RESPECTIVFLY BEYOND LIMIT

LDISA(TI) = oF.
LODISO(74) = F,
LDISO(7S) = oF,

IF(ALFF el Te~3e1240ReALFFeGTe3e12) LDI1SO(73)
IF (BFTFelTe=3412s0RsAETFGTo 3012 LDISO(74)
1F (ALFWel Te~3e1240R+ALFWaGTs3.12) LOISC (7%

COMPUTE CMF1.+ CZF.

ALFFD = ALFF

BFTFD = AFTF

ALFWP = ALFW

ALFSIGN ==~SIGN(1,+ALFFP)

BETSIGN #=SIGN(1++BETFP)

ALFWSGN =-SIGN{14+ALFWP)

ALFFP = ALFF

BETFP =-ABS(BETF)

ALFWP =-ABS(ALFW)

1P (ALFFPWLEs—-3412) ALFFP=2-3,1199
IF(ALFFPWGEs 3.12) ALFFP= 13,1199
CALL FUNC1(FOQ]+D001 ,ALFFP)

IF(BETFP L Es-3412) BETFP=-3,1199
IF(BETFPL.GF 40,00 ) BFTFP==1 ,0F-10
IF(ALFWP LEs~3,12) ALFWP=-3,1199
IF(ALFWPGE«0400 ) ALFWP=~1,0F-10
ALFFP =-ABS(ALFF)

IF (ALFFP.LE.-3,12) ALFFPa-3,1199

CLF1.

DICATE ALFF. BETF,

= +Te
= o7,

= oTe

CNFls CYF, CZW

FO18(7¢344)
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IF(ALFFPeGE Q0

ALFFP==-140E-10

CALL FUNC! (FOO3+DOC3,ALFFP)
CALL FUNCI1 (F0044+D004 BETFP)
CALL FUNC1 (FOO5+D005,BETFP)
CALL FUNC1(FO07.D007 ,BETFP)
CALL FUNCI1(F009+D0O0F ALFWP)

CMF 1 = DOO1 (1)

C2ZF = DOO3(IHYRALFSIGN
CLF) z DOOA (1) *BETSIGN
CNF1 = DOOS(1)y*BFTSIGN
CYF = DOOT (1 y#RETSIGN
CZw = DOO9 (1 )*AL FWAGN

ALFFP = ARAS(ALFF)
BETFP = ABRS(BFTF)
ALFWD = ARS(ALFW)
IF(ALFFP L E+0,000)
IF (ALFFPeGE«3e160)
IF(BRETFP4 K e0400N)
IF(BFTFPeGE«3e160)
1F (ALEWPLELD0+000)
IF (AL FWP  GE+3.160)

COMPUTE CX2+¢ CX1s CXW

ALFFP=140E-1D
ALFFP=3,41599
BETFP=140E~1N
BETFP=34.1599
ALFWP=1e0E-10
ALFWP=3,41599

CALL FUNCL(FO02.DN02,ALFFP)
CALL FUNCI (FOCK+DO06 BETFPR)
CALL FUNC1(FOOB+D00BALFWRP)

cx2 = DO0Z2(1)
cX1 = DOO6(L)Y
CXw = DO08(1)

LF = QUR*VLFRCLF1
MF = QVR#VMF #CMF |
NF = QLR*VNFE#CNF1
XF = QULRSXF1*CX)
YF = QL®*SYF#CYF
zF = QV#SZF#CZF
Zw = QVURSZWRCZW
xXw = QVRESXWRCXW +

wWIwm = CKWIWM*URCZwW

RETURN
END

T

CALCULATE FUSELAGE FORCES AND MOMENTS

U*PRCLF2
U*Q¥CMF 2
U#R#*CNF 2
QV*SXF2#CX2

CALLCULATE WING FORCES AND WING DOWNWASH

TW*Zw



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).

Initialize Accumulations
Around Azimuth

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

Compute Coning Angle, Resolved Velocities, and
Main Rotor Pitch Angle and Angle of Attack:
Generate Lift and Drag Coefficients: Sum
Forces and Moments Along Blade

J £ No.
Radials

Yes

L Complete Summation Around Azimuth ‘]

Yes

l Compute Flap Angie Rates :'

No
Compute Coning Anglej

Yes

Compute Flap Angles, Ground
Effects, and Rotor Forces
and Moments
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SUBRNAUT INE MATNROT
PROGRAM COMPUTES FORCES AND TORQUES ON

MAIN ROTOR FOR GIVEN COLLECTIVE AND CYCL I
PITCHES«ANGLILAR AND TRANSLATIONAL RATES.

TYPE STATEMENTS AND DIMENSIONED VARIABLES

MO YN 0N

~

fa)

[a

[a}

aAa0nN0N

anno

[alNel

[a)

2]

noon

82

REAL (MR. LRH. MRH, [ PDR., MPDR
LOGIFAL LDISTe LRISO

INTEGPATION COMMUNICATION
COMMNN
X /INTCOMM/ T . DT v INT « NEC .
X 1SCHFME . DERINT (24121
X /REALTIM/ ADC(32)s L27{84)s LDIST(12081s LDISO(196)
X NOPER » NFOLD + MRESET + NTERM .
x NPRINT + NREAD

SUBROUTINE COMMUNICATION
CoOMMNN
x /FCNNAME/ CLF 1 v CMFE CNF§ + CX1 + CX2 + CYTR .
X CyF + CZF « CXW +« CZw + CYVS « CZHS .
X DS 1Y o TLEIY « DW + GEV « GEH
x /FUNCS s F001(28)« FOL2(2B). FOOI(14)s FODA(14), FOOS(14}.
X FOO& (2814 FOO7(1a)« FOOB(28), FONI(14), FOIO(2B) .«
X FO11(3%1s FOLI3(07)s FOLA{0T)s FOIS(NT). DOIB(27)
b g 0001 (0931, DOC2(0G), DOOI(DG)e DOCA(OF)s DOOK(0G),
X DOOK (0914« £O07(09)y DOOB(ID)s DOOT(09}s DOLOI0F)«
X CO11 (09« 0OO13(N9), DO1A(09)Is DOIS(0F)s DOIGE (1B
x CO17(18)4 FOLIG(35,10)e FOL7(3%,10)s FO18(7+3,4)
COMMAN
x /ADV C 7 OMEG . WM . vT « Qv « s+ ASPD
X ZCONTRL, A0S o AlS « A1S + THTR « OMEGD
X /FTRMPLS/ EGLMR 4+ EQ2 .SS. EQWIM  « HDOTD
x /CPARAM,/ DFELT « QHO « G +« PIE
x /MROT C/ FXR « T YR « LMR + LRH . MRY « GMR .
x AOSe ¢« ALFSIY.e UTSIY « BETS! o« BDTST o+ A1SS .
X ADleS + 91585 « 801S8S
X /ROTCON 7 YPE (20)+ YTW(ZO)+WIF(20)s BOVN
x /ROT P / Twl<T + FMRS + CKAO + CKABl .« CxABZ2 « CKAB3 .,
x NR AR 1« NAZ . NB +« RB « EFH
X /RCOEFF / CKL(20)s CKDI20), CKG(20), CXDL (201 CRAL (20,
x CKM (203 Y(20) o WF{20)
X /SCPSIR 7/ SINCIR(SC), COSSIR(%0)

EQUIVALENCE

FQUIVALFNCFS

x (DFRINT(1, )P e
X (DFRINT (1. 2)4Q Ve
X (DERINT (14 7YeU )4
x (DERINT (1, B)sv re
x (DERINT (1, 9)ew )e
X (DERINT(1412) «H )
INITIALIZE ACCUMULATIONS AROUND AZIMUTH
SLOR 2 0,0
SLSD = 0,0
SLEN 2 04,0
SXOR = 0,0
SYDR 3 n,0
SADR 3 0,0
SMDR x 0,0
SMSD = 0,0
SMCO = 040
MAIN LOOP AROUND AZIMUTH SUMS FORCES AND
MOMENTS ON ROTOR,
DO 20 1 = 1.NAZ
BLADE PITCH-EXCLUDING TWIST
TEMT = A0S - AIS #COSSIR(]) ~ B1S #SINSIR(]) - (AOSS—e047)
FLAP ANGLE
BETS! = AOSS - A1SS#COSEIRII) — BISS#SINSIR(I)
FLAP RATE
BDTS! = (A[{SS#<INSIR(I) ~ BISS*COSSIR(]) ) #OMEG
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RESOLVED VELOCITIES AND SPIN RATE

USVC = URSINSIR(]) 4+ V#COSSIR(I)
UCVS = URCOSSIR(D) - V*SINSIR(I)Y
QCPS = Q#COSSIRI{1) + PRSINSIR(])

WYEM = W - BETS!#UCVS

INITIALIZE SuMS OVER RADIAL STATI[ONS

LPDR = N0
DPOR = N0
MPDR = 040
GPDR = N0

INNER LOOP  SUMS FORCES ALONG BLADE
DO 10 J = 1,NRAD

CONING ANGLE AND RESOLVED VELOCITIES

THSIY = TEMT + vTw(J)

UTSIY = YPE(J)ROMEG + USVC

WISIY 3 WIMEWF (J)®{], + UCVSHEWIF(U))

UPSTY 2 YPE(J)#QCPS ~ Y (J)I*BDTSI + WYEM-wWISIY

IF UTS1Y NEGATIVE. ALFSIYe CLe CD ASSUMED
T0 BF ZERO

IF (UTS1TY +L.Fe 000 GO TJO 10
PHISIY=x UPSIY/UTSIY
ALFSIY= THSIY + PHISIY

ALFSIYP = ALFStY
UTSIvYP = UTSIY

IF{ALFSIYP.LE s —e5060x) ALFSIYPx-,%0604
IF(ALFSIYP.GEs «%060m) ALFSIYP= %0604
IF(UTSIYPeLFel104) UTSIYP=109.999
IF(UTSIYPGFel11004) UTSIYPxIN99.999

WHITE LIGHT 18 OR 19 ON INDICATES
UTS1Y OR ALFSIY RESPECTIVELY IS BFEYOND
SET LIMITS

LDISAL7?RY = ,F,

LDISO(79) = ,F,
IFGUTSIY oLTel1040ND,0ReUTSIY «GT411N00401 LDISO(TB) = 4T
IF(ALFSIValTe-eBNE05,0ReALFSIYeGT s 50605 LDISO(79) = 4T

GENERATE LIFT AND DRAG COEFFICIENTS
CALL FUNC2{FO16+DN16 ALFSIYPUTSIYP)
CALL FUNC2(FQO1T7+0017,ALFSIYPUTSIYP)
€nSiv = DO16(1)
CLS1y = DO17¢(1)
SUM FORCES AND MOMENTS ALONG BLADFE

LPDR = CKL(JI#CLSIYRUTSIVY#UTSLIY + LPDR

OPDR = (CKDI(J)*CDSTIY#UTSIY ~ CKDL(J)I#CLSIY*UPSTY)
*UTS1Y + DPDR
MPDR = CKM(J)#CLSIY#UTSIY#UTSIY + MPDR

GPDR = (CKQIJ)I*COSTIY#UTSIY - CKOL (J)*¥CLSIY#URS]Y)
*TSIY + OPDOR
CONT INUF
COMPLETE SUMMATION ARQUND AZIMUTH

SLOR = LPNDR 4+ SLOR

SLSD = LPDR®#SINSIR(1) + SLSD

SLCD = LPDR#CASSIR(I) + SLCO

SMDR = MPDR + SMRR

SMSN = MPDR#SINSIR(!) + SMS3n

SMCD = MPEDRACNASSIR(TY + SMCn

SXOR = BETS!#_ POR#COSSIR(1) -~ DPDR#SINSIR{1) + SXDR
SYDR =-BETSI# POR#SINSIR(I) - DPDR#COSSIR(1) + SYDR
SQDR = QPDR + SQNR

20 CONTINUE

COMPUTE CONING ANGLE AND FLAP ANGLE RATES

ROVN = RHO/NAZ

RADON = RHN*EBNVN

EQADSS = ROVN#SMDR#CKAO/(OMEG#OMEG] - AOSS

ADISs = CKAR|#SMSD¥ROVN/OMEG - CKAR2#Q 4+ CKABI®*BISS
BO1SS = -CKABI#SMCO*ROVYN/NMEG ~ CKAB2#D - CKAB3#A1SS
[F(LNISTI37))Y GO THO 100

AOQSS = ROVN®SMDR* < AD/ {OMEGROMEG )
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109

IFCINTSLFel)
IFCINTeLESL)

CONT INUE
HE = H
uP = U

IF (HP4LE«0¢00)
IF(HPeGE«S0,0)
IF (P eLE«0400)
1IF{UP«GE«200,)

A1SS =
B1SS = B1SS + DELT#BD1SS

A1SS + DELT®*ADI1SS

COMPUTE ROTOR FORCES AND MOMENTS
INCLUDING GROUND EFFECT INFLUFNCF

HP=eN00}
HP 494999
UP=.n001
UP=199,999

CALL FUNCI1(FO1S540D015 HP)
CALL. FUNCI(FN14.D0t14,UP)

GFM = DO1S(1»
GFE vV = DO14a(1)

LMR = RBON¥* (1.

+ GFH®*GEV)#SLDR

EQWIM = WIM-—40N0328% LMR/(RHO*VT)

FYR = RRON*SYDR

FXR = RBON®*SXDR

LRH =-EFH®SLSD*RBON + OMEG®*OMEGH#FMRS¥B]SS
MRH =-EFH®*SL CO#RBON + OMEGH*OMEGH#FMRS*A1SS
QMR = RBON#SODR

RFTUBN

END



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).

C PQ(ONE, TWO, THREE, NEEDRTS, P11, P12, P21, P22,Q11,Q12, Q21,Q22) )

Compute Real

No Distinct Roots

Yes

Compute Real Equal Roots
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Do

0

[eNe]

SUBROUT INE BO(ONE s TWO « THRFE NEEDRTS P11 «P12¢P21,P22Q114Q124Q214Q22)

TYPE STATEMENTS AND DIMENSIONED VARIABLES

LOGICAL NEFEDRTS +» LDISI « LDISO

INTEGRATION COMMUNICATION

COMMON

X /ZINTCOMM,/ T « DT « INT « NEG .
X ISCHEME + DERINT(2412)

X /REALTIM/ ADC(32)s DACI64)s LODISI(108)s LRISCEIFH)
X NOPER « NHOLD « NRESET « NTERM .
X NPRINT o+ NREAD

H = DT

SIGMA = O

SIGMAL = O,
SIGMA2 = O
IF (THREE «NE« 040 ) GO To 30

REAL EQUAL ROOTS

D SIGMA = ONE

20 SH = SIGMA%®H
IF(SIGMASEQ.O) GO0 TO S0
PSH = EXP{SH)
SIGMAS = SIGMA*SIGMA
P12 = PSH¥H
P21 =—SIGMAS*¥P1 2

P11 = PSH - SIGMA*P12
P22 = PSH + SIGMA*PI?
Q12 = (HX¥(le + PSH) — 2e%(PSH = 14)/SIGMA)/SIGMAS
Q21 = P12
Qi = (le - P11)/SIGMAS
ez2 = Qt1
GO TO 60
REAL DISTINCT RCOTS
30 SIGMAL = ONE
S1GMAZ = TWO
40 S1H = SIGMA | *H
S2H = SIGMA2*H
PSIH = EXP(StH)
PS2H = EXP(S2H)
S152 = SIGMA1 *SIGMA2
SIMS2 = SIGMA1-SIGMA2
IF(S152eEQe0eeOReSIMSZsEQaOs) GO TO 50
P12 = (PSIH - PS2H)/S1MS2
P21 =-5152#P12
P11y = (SIGMALI*PS2H - SIGMA2#PSIH)/S1MS2
pP2s = (SIGMAL¥PSIH - SIGMAZ*PS2H)/S1MS2
P1M] = PSIH - 1
P2My = PSZH - 1.
Qle = (PIM1/SIGMA] — H)/(SIMS2#SIGMAL) - (P2M]/SIGMA2 — H)/
x (SIMS2#SIGMAZ)
021 = P12
o1l = (PI1M1/S1GMA] — P2M1/SIGMA2)/SIMS?2
Q22 = Ql1
GO TO 60
S0 LDISO(90) = «T,

60 CONTINUE

RETURN
END



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).

PQl
(W, P,Q1,Q2)

Compute P, Ql, Q2

SUBROUTINE PQl (W«P4Q14Q2)

C INTEGRATION COMMUNICATION
COMMON
X /INTCOMM/ T « DT « INT +« NEQ
X ISCHEME, DERINT(2412)
P = EXP(-W*DT)H
Q1 = (le—=P)/W
Q2 = (DT-01l)/w
RE TURN
END
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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.

Call TRANFNI

\
< Call TRANFN2 >
3

Compute Stability Augmentation
System Control Inputs

( RETURN )
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SURROUTINF SAS
PROGRAY EVALUATES STARILITY ALIGMENTAT [ON

SYSTEM TRANSFERK FUNCTIONS AND CALCULATT S
THE CONTROL QURFACK DEFLECTINANS

INTFGRATION COMMUNICATION

COMMNDN
X /ZINTCOMM/ T « DT o INT « NEQ .
X ISCHOME s DERINT(P412)

SURARDUTINEG rOMMUNTCAT I ON
COMMON
X /ANGSAS 7 PHIL « THETALS PSIL « PHIDL o THFETDL « 2100
X /UNTSAS / ALSCS s 315CHS o THTRCS
X ZCNTL C 7 AOSC « ATEC « R15C o THTRC & AL3CL + t-18CL
X THTRCL
X /S5AS P /s OA1CH « AN1C2 « ALK « AlKP . Al « N1K4
X 31C1 « BICP2 « RIKI o 3K « FR1Ww o T1W4a
X THC1 « THCZ2 v THK] v THKP? « TH<3 « TH<4
X SVALUES / A1Cel « A1CS2 & RICS] v F1CS2 & THCSD o THCOR2
X /7X1C / AlXx] « AL X2 v A1X3 « 3 IX] « Blwp « Flxn
X THX1 « THXZ2 « THXZR o AXTTN o AX2TMN o« =Y1TN
X RX2TN o TXLITN o TX2TN

EQUIVALENCES
FCUIVALENCE
X (DERINT (1 s 4)PHI | K
X (DERINT(1ls D) WTHETA)
X (DERINT (14 6)4P%1 )

CALL. TRANFNI(AISCWAISCILsAICT «AIC2vAICST 3 AXITNGAX2TN)
CALL TQANFNE(DHI}PHZL.QHIDLqﬂl<IoAlK?vAIKS.AlKa-AICF?q
1 ATX14A1X2eA1IXT)

AlRcS = A1CS1 - AICR?

CALL TRANFN](B1S5Ce31SCLABICTsBLIC24RIC514+BXITNGBX2TN)

CALL TRANFNZ2(THETA«THE TAL s THETOL 4B 1K oB1IK2 431K 2441 K4 41 CSD,
1 FTX1sRIX2eHR1X )

Bl1S5Cs = BI1CS + B1CS2

CALL TQANFNI(THTRC.THTQCL.THC]oTHC?.THCSl.TxlTN.TY?TN)
CALL TRANFNZ (PST4PSILaPSINL « THKT s THK2 s THK 24 THK 4 ¢ THCE.2 4
1 THX1 ¢ THXZ ¢ THX2)

THTRCS = THCS1 4+ THCS?

RETURN
END



SETUPA

Subroutine SETUPA is used by the trim circuit algorithm and initializes XTRIM to
the starting values of the trim parameters. During the trim iterations, the trim parame-
ters are set to the XTRIM values (ref. 6 and appendix D).

Initialize XTRIM
1

Y

Set Trim Parameters
to XTRIM Values

»)

SUBROUTINE SETUPA (XaY1aY2eY34Y4:¥YSeYOaYT7¢Y¥YBaYFaY1I0eY114N)

c
Cc PROGRAM INITIALIZES XTRIM TO THE STARTING
C VALUES OF THE PARAMETERS. DURING THE TRIM
C ITERATION THE TRIM PARAMETERS ARE SET TO
C THE XTRIM VALUES
C
c TYPE STATEMENTS AND DIMFNSIONFD vARIABLFES
Cc
DIMENSION X(11)
C
GO TO(100,4200)N
100 CONTINUE
Xt 1) = Yl $X( 2y = Y2 sX( 3) = v¥3 BX( 4) = Y4
Xt 5y = Y5 sx( 6) = Y6 EX( 7y = Y7 Bx( 8) = v8
X¢{ 9) = Y9 $x(10) = Y10 $x(11y) = Y11
RETURN
C
200 CONTINUE
Yl = Xt 1) $Y2 = X( 2) $Y3 = X( 3} Y4 = X( 4)
¥Ys = X( 5 Y6 = X 6) Y7 = X{( ) $y8 = X( 8)
Y9 = x( 9) $Y10= x(10) $Yll= x(1l1)
C
RETURN
END
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SETUP2

Subroutine SETUP2 is used by the trim circuit algorithm and equates FTRIM to the
trim equations (ref. 6 and appendix D).

SETUPZ

(F.2))

A
Equate FTRIM to
Trim Equations

RETURN

SUBROUTINE SETUP2(F 21422423128 425¢2642742Z84Z%9+72104211)
PROGRAM EQUATES FTRIM TO THE TRIM EQUATIONS
TYPE STATEMENTS AND DIMENSIONED VARIABLES

DIMENSION F(11)

FC 1y = Z1 sF( 2) = 22 $F( 3) = Z3 $F( 4) = Za
Fe 5) = Z5 $F( 6) = Z6 $F( 7y = 27 sF( 8y = 78
F({ 9) = Z9 $F(10) = Z10 EF(11yY = 211

RETURN

END
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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).

SIMEQA
(A, N, CC, XMAT, XTR 1M}

Y

Move Matrix to Working
Area and Solve System
of Linear Equations

\
( RETURN )
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DO OOOON

80

100

120

130

140

200

210

220

300

310

320
350

380

370

380

390

SUBROUTINE SIMEQA (AeNsCCsXMATXTRIM)
PROGRAM SOLVES A SYSTEM OF LINFAR EQUATIONS
BY THE GUASS-JORDAN REDUCTION METHOD IN THE
TRIM ALGORITHM

TYPE STATEMENTS AND DIMENSIONED VARIABLES

DIMENSION A(12413)s CC(12)s XMAT(11412)s XTRIM(11)
DOUBLE PRECISION B(12¢13)s C(12)s DXMAT(11412)s DXTRIM(11)s Do TOL

TOL = §5,D0-20
KA = N + 1
K2 = 2

K3 = 1

DO 10 I=leN
DO 10 J=lKA

MOVE MATRIX TO WORKING AREA
B(leJy = DBLE(A(1+J)Y)
IF(DABS(B(K3+,K3))~ TOL) 30« 100, 100
IF(K2 — N) 40, 404 200
DO S0 1=1,.KA
[s] = B(K3.])Y
B(K3,1) = B(K2Z2,41)
B(K2,1) = D

CONT INUE

K2 = K2 + 1
GO Tn 20

K1 = K3

K3 = K3 4+ 1
K2 = K3 + 1

IF(K3 - N)Y 120, 120+ 200

DO 130 I=K34KA

BIK1,1) = B(K1+1)/B(K]+K1)

CONT INUE

DO 140 JTeK3WN

DO 140 JaK3,4KA

B(lvy) = B(leJd) - B(leK1)*B(K1eJ)

CONT TNUE

GO To 20

C(N) = BININ+1)I/B (NN)
x3 - N - 1

K1 = K3 4+ 1

o] = O,

DO 220 I=ax1«N

D = D 4+ BIK3.1)®C(1)
CI(K3y = B(K3,KA} - D

K3 2 K3 -~ |

IF (K3 350s 3%0, 210

ToL = TOL/10,

IF(TOL = 140-30) 320,3104+310
K2 *= K3 + 1

GO To 20

CONT I[NUE

CONT INUE

NM L = N - 1

DO 340 I=14Nh]

DO 340 JU=i 4N

DXMAT (1 eJ) = DBLE(XMAT(1eJ))
DO 370 =1 .NM]

DXTRIM(T1) = 0,0D0

DO 370 J=i.N

OXTRIM(1) = DXTRIM(I) + DXMAT(l+J)RC(J)
CONT INUE

DO 3m0 JU=1 NM1

XTRIM(J) = SNGL (DXTRIM{J))
D0 390 u=j].N

cCtyy = SNGL(C(J))

RETURN
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).

( TAIL )

A

Compute Downwash and
Tail Area Velocities

Trim Yes Compute Cyclic Longi-
Switch tudinal Stick Input

No

-l

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

( RETURN )
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[alNalie lia e N oW Wa el

el

a0

[aNe]

[aNeNalalal

[a X2l

000

[aNalalEel

s5uBROU

REAL 1
LaoGica

COMMON

X X X X x

COMMON

X X X X X X X X X X

COMMON

XX X X X X X X X XX X

EQuUIvVA

X X X X X

upP
[F{uPs
IFtuP.
CALL F
Dw

VTR
WHS

IF¢LD!
OELE
uL

1F (UeE
ALFHS
BTVS

to150¢

TINE TATL

PROGRAM COMPUTES FORCES AND MOMENTS DUE TO
TAIL ROTORe« HORIZONTALs AND VERTICAL STA-—
BILIZERSe GENERAL TAlL VELOCITIFS ARE

ALSO COMPUTED

TYPE STATEMENTS AND DIMENS[ONED VARIABLES

HSs 1VS
L LDISIs LDISO

INTEGRATION COMMUNICATION

ZINTCOMM,/ T « DT o INT « NEC .
ISCHEME ., DERINT(2412)

/REALTIM/ ADC(32). DAC(64)s LDISI(108), LDISOI196) .
NOPER s NHOLD + NRESET + NTERM )
NPRINT . NREAD

SURRQUTINE COMMUNICATION

/FCNNAME/ CLF Y v CMF L » CNF v CX1 v Cx2 + CYTR
CYF « CZF + CXW « CZw + CYVS « CZ1S
cDS1Y + CLSIY o+ Dw « GEvV « GEH

ZFUNCS / FOU1(2B)s FOOR2(28)4 FOO3I (14 FOO4(14)e FOOSI(I14)
FO06(28)s FONT7(14a)s FODB(PB)y FRND(14), Folott28)
FO11(351s FOI3(07)s FOL4(Q07)s FOLISI(O7), notsw27y
DOO11(09)s DUO2(09)s DOCI(OF ) DO04I0N%) DOOS(09)
0006(CF)re DODT(DT)s DOOBINIIs NNPOIIND), nOletng)
0011¢0%)e DOI3(0F)s DO1SIOF)s DOISI(ND), nolar1 8y
DO17018)s FOI6(35.10), FOl7(3%5410) FOIB(74344

/ADV C  / OMEG . WIM « VT v Qv « OL + ASPD
ZCNTL P/ AOSCO « A15C0O0 « A1SCH » THTRCOs XAOSG + YCSG
XC56G ¢« XTRG + XADSR + YCSR + XCSR +« XTRR

ZCONTRLYZ  AOQS « ALlS « 815 +» THTIR + OMEGD
/FUS C 7 xF « YF « 7F s LF + MF « NF
Xw o wlwM . 2w « ALFF « BETF v ALFw
/F N M P/ Dx « DXHS « DXTR « Oxvs « DZ »
D2TR « DZVS « DXxw « DZwW « IR
/STICKS 7 XADS « YCS + XCS « XTR « DPR + RPN
ZTAIL C 7/ ALFHS « BTVS + ZHS ¢ YVS « VTR .
WHS + YTR » DELE
/TAIL P/  CKTRI « CKTR2 v IWS « 1vs + SZHS « SYvs

EQUIVALENCES

LENCE
(DERINT (1, 2).a Y
(DERINT (14 3).R Ve
(DERINT (14 7). u b
(DERINT{14+ B),v Ta
(DERINT (L 9w )
COMPUTE DOWNWASH AS A FUNCTION OF
FORWARD VELOCITY
= U
LE«0+00) UP=0.0001

GE«15240) UP=151.999
UNC1(FO1340013,uP)
= DOt3(1)

COMPUTE TAIL AREA VELOCITIES

=V - IDXTR - DX)#R
= W 4+ (DXHS ~ DX)#Q - DWH*WIM — wlwm

COMPUTE STABILIZER ANGLES OF ATTACK
(HORs STAB. MODIFIEN 8Y ELEVATOR)

51¢37)) XCS5 = (B1S*DPR - BISCO)/XCSG

= (1046852 - 2.,0405#XCS + De2445%XCS#XCS ) #RPD
= U

Qs UL = +00001

= ATAN2(WHSeUL) + CKTRI#DELE + IHS

= ATANZ2{(VTR.UL) + IvS

WHITE LIGHT 16 OR 17 ON INDICATES
ALFHS OR BTVS RESPECTIVELY 1S BEYOND

SET LIMITS
76) = oF.

LOISO(T7) = oF,
lF(ALFHS.LYo-B-lZ-OR.ALFHS-GTr3012) LOISO(TE) = T
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IF(BTVS el Te-3406e0ReBTVSeGTe3406) LDISOC77) = T
TOMPUYTE CYVSe CZHS

ALFHSP=ALFHS

BTver = BTVS

ALFSGN= SIGN(1 e« ALFHSP)
BTVSGN= SIGN(1e¢3TVSP )
ALFHSP= ABS(ALFHS)
BTVSP = ABRS(BTVS)

IF(BTVSPeLE«0«00) 8TVRP=040001
IF(3TVSP«GE«3.06) BTVvSP=3.0599
[F (ALFHSPLE«0.00) ALFHSP=0e00N1
IF (ALFHSP«GE«3e12) ALFHSP=31199

CALL FUNCI(FO10+D01048TVySP)
CALL FUNCI(FO11+4D0114ALFHSP)

Cyvs = DCI1O(1)*BTVSGN
CZHS = DO11 (1 )#ALFSGN
COMPUTE STABILIZFR FORCFS
Yvs = QL¥*SYVSH*CYVS
ZHS = QURSZHS*CZHS
WHITE LIGHT 20 ON INDICATTES L
THTR BEYOND LIMITS wWHEN CNOmMPUT
LDISO(BO) = «F.
IF(VTR oL Te—-20s0s0RsVTR «GTe20eM) LDISN(BO) = oTe
IF (0 eLTe D0eCeNRel) «GTe360e) LDISO(80) = eTe
IF(THTReLToe—-2353e0ReTHTReGTe432) LOISO(8BD) = aTe
COMPUTE TAIL ROTOR SI1DE FORCE
ue = U
VTRP = VTR
THTRP = THTR
IF(UPsLE+0+00) LP=40001
IF(UPeGE«36040) UP=359,999
IF(VTRPeLEe—-20,} VTRP=-19.999
[F(VTRPsGEe 204 VIRP= 196999
IF(THTRPeLE+~e353) THTRP =—-¢3529
IF(THTRP«GE. «432) THTRP= 4319
CALL FUNC3(FCIB«DC18.THTRP (VTRPUP)
CYTR = DO18(1)
YTR = CKTR2#CYTR
RETURN
END

VTR OR
ING CYTR



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.

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

Call PQ

Compute
XITN, X2TN, CNTS1

RETURN

SUBROUT INE TRANFNI {CNTCsCNTCL+C1l ¢C2+CNTS1 ¢ X1 TN«X2TN)

C
C SUBROUTINE COMPUTES VALUES OF THFE
C FIRST TRANSFER FUNCTION
Cc
C TYPE STATEMENTS AND DIMENSIONER vARIABLES
Cc
LOGICAL NEEDRTS
C
C INTEGRATION COMMUNICATION
Cc
COMMON
X ZINTCOMM/ T « DT « INT » NEQ .
X ISCHEME , DERINT(2412)
C
CNTDL = (CNTC-CNTCL) /DT
NEEFDRTS = oF e
RTYPE = 140
ROOT1 = -0ea
ROOT2 = -1s/C2
CALL PQ(ROOT!1+RCOT2+RTYPF NEEDRTSsP11+P124P21+P22,011,Q12:021,022)
X1TL = XITN
X2TL = X2TN
X1TN = PL1I*¥X1ITL + P12%¥X2TL + Ql1*CNTCL + Ql2#CNTOL
X2TN = P21%¥X1TL + P22#X27TL + Q21%CNTCL + Q22%CNTDL
CNTS1= Cl/(25%C2)%#X2TN
C
RETURN
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.

< TRANFNZ (ANG, ANGL, ANGDL, C1, C2, C3, C4, CNTSZ, X1, X2, X3) >

Call PQ1

Y

Compute X1, X2, X3, CNTS2

RETURN

SUBROUTINE TRANFNZ2 (ANG «ANGL + ANGDL +C1 +C24C3+C4+CNTS2eX1 aX2eX3)

C
C SUBROUTINE COMPUTES VALUES OF THF
C SECOND TRANSFFR FUNCTION
C
C
C INTEGRATION COMMUNICATION
C
COMMON
X /INTCOMM,/ T « OT « INT « NEO .
X [SCHEME s DERINT (2.12)
C
XT(XXeXPeXQl e XQ2) = XP¥XX + XQl*ANGL + X0J2¥ANGOL
YI(TCeXJeAl) = (ANG - 1 +/TC¥xJ)*A]
AP = 245
Al = (CI*¥(C2-AP)Y )/ (AP® (AR-C3)* (AP=-C4))
A2 = (C1¥(C2~C3)Y)/(C3*¥(C3-APYX(C3-C4 )
A3 = (CI1¥(C2-C8)Y)Y/(CG*¥(Ca-C3 1% (C4-4P))
C
CALL PQl (1 e/ARP+P.Q1+Q2)
X1 = X1 {(X1+PaQl+32)
CALL PQl1(14/7C3+P+sQ140C2)
X2 = X](X2+PeQ1l eQ2)
CALL PQl(1e/Ca44PeQ14Q2)
C
X3 = XI{X3+PsQl+Q2)
YiI = YI(APWX1 Al
Y2 = YI(C3eX2¢A2)
Y3 = YI(C44X3+A3)
CNTS2 = Y1 + Y2 + Y3
C
RETURN
END
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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).

SUBROUT INE TRIMDER

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

AEROVAR
FUsS

TAIL

MA INROT
ENGINE
F AND m
BODYDER
EARTH ™

RETURN

END

TRIMDER

Call AEROVAR

Call BODYDER

( RETURN )

PROGRAM 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).

CXMATRIX (XT) )
A

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

RETURN

SURRNOUT INF XMATRIX(XT)

C
C PROGRAM SETS P A MATRIX OF INNDFPRENDENT
C TRIM PARAMETERS WiITH THE FIRST COLUMN
C BEING XTRIv, THE SFCOND BEING XTRIM WITH
C A PERTURBATION ON THFE FIRST FLFMENT «FTCoe
C
C TYPE STATEMENTS AND DIMENSIONED VARTASLES
c
DIMENSION XT(11)
C
C SUSRROUTINE COMVUNTCATION
C
COMMON
X /JTRIMAT / XMAT(11412)s EMAT (12412 TRSUM(12)s NEGNS
X NF QP 1 v NENPRD « XMATG(L1)
.
ne 109 1 = 1+NEQON
no 1720 J = 1«eNFEGPY
XMAT (TeJ) 3 XTCD)
100 CONTINUE
no 2N0 J o= 1 WNFON
XMAT (Jed+1) = XMATG (I RXT ()
IF(XT(J)YeFEQel el XMAT(JeJ+1) = 001

207 CONTINUE

RF T1IRN
FNN
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XVAL

Subroutine XVAL is used by 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).

( xvauxincon )

Y

Set XTRIM to Values
in XMATRIX

Y

( RETURN )

SUBROUT INE XVAL (XTNCOL)

C
C PROGRAM SETS XTRIM TO THE VALUES 1IN
C XMATRIX TO GENERATE N + 1] FQUATIONS
C
@ TYPE STATEMENTS AND DIMENSIONED VARIABLES
C

DIMENSION XT(11)
C
Cc SUBROUTINE COMMUNICATION
C

COMMON

X /TRIMAT/ XMAT(11412)e EMAT(12413)e TRSUM(12)s NEGN.

X NEOP 1 s+ NEQP2 « XMATG(11)
c

DO 100 J = 1.NEQN
XT(J) = XMAT(JNCOL)
100 CONTINUE

C

RETURN

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 7TF10.0 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

__label variable Input value

/ADV P/ ADVP1 0.000328
ADVP2 3.0

/CNTL P/ AOSCO 8.5
A1SCO 10.8
B1SCO 132
THTRCO 23.0
XAOSG 0.92
YCSG 1.85
XCSG 2.81
XTRG -5.00
XAOSR 13.3
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COMMON
label

/CNTL P/

JENG P/

/FNMP/

/FUS P/

FORTRAN

variable

YCSR

XCSR

XTRR

IROT

CKE1

DX

DXHS

DXTR

DXVS

DZ

DZTR

DZVS

DXwW

DZwW

IR

CLF2

CMF2

CNF2

CKRF

Input value

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



COMMON FORTRAN

label variable M

/FUS P/ CKWIWM 0.0
w 0.244
VLF 100.0
VMF 100.0
VNF 100.0
SXF1 10.0
SXF2 10.0
SYF 10.0
SZF 10.0
SXwW 27.8
SZwW 27.8

/GPARAM/ DELT 0.03125
RHO 0.00238
G 32.2
PIE 3.14159

/RCOEFF/ CKL(1) 5.32
CKL(2) 4.95
CKL(3) 4.35
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COMMON FORTRAN Input value

label variable
/RCOEFF/ CKD(1) 5.32
CKD(2) 4.95
CKD(3) 4.35
CKQ(1) 52.68
CKQ(2) 70.79
CKQ(3) 92.57
CKDL(1) 5.32
CKDL(2) 4.95
CKDL(3) 4.35
CKQL(1) 52.68
CKQL(2) 70.79
CKQL(3) 92.57
CKM(1) 52.68
CKM(2) 70.79
CKM(3) 92.57
Y(1) 9.90
Y(2) 14.30
Y(3) 18.70
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COMMON FORTRAN

label variable Input value
/RCOEFF/ WF(1) 1.0
WF(2) 1.0
WF(3) 1.0
/ROT P/ TWIST -0.175
FMRS 0.0
CKAO 0.000704
CKABI 0.000704
CKAB? 1.0
CKAB3 0.0
NRAD 3
NAZ 4
NB )
RB 22.0
EFH 0.0
/SAS P/ AlC1
A1C2
AlK1
A1K2
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COMMON FORTRAN
label variable

Input value
/SAS P/ A1K3
A1K4
B1C1
B1C2
B1K1
B1K2
B1K3
B1K4
THC1
THC?2
THK1
THK2
THK3
THK4
/SHIP P/ IXX 2 530.0
IYY 11 716.0

127 10 164.0

MASS 274.0
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COMMON FORTRAN

_ label _variable Input value
/TAIL P/ CKTRI1 1.0
CKTR2 4 000.0
IHS 0.0
Vs -0.0785
SZHS 13.5
SYVS 99 5
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DO 0N

aaNalal

[sNaRaliaNalaliNalial

fa}

anNon

ia}

faNal

a]

[sNale)

BLNCx DATA

REAL IR+ IWe 1HSe IVe

COMMNAN

BLOCK DATA SUBPROGRAM ASSIGNS VALUES

FOR PARAMETFRS

IN LABELLED COMMON

TYPE STATEMENTS AND DIMENSIONED VARIARLES

« IROT. |

SUBROUTINE

X /ADV P s ADVD] .
X Z/CNTL P / AODSCO .
b3 XCSea .
x ZENG P / TROTY .
x /F N M P/ DX .
X DZTan .
x /FUS P/ CLF? .
x VLF .
X SZF .
X /GPRARAM/ DELT L3
COMMAN
X /RCOEFF / CKL (201
x CRXM(Z0)
X /ROTY P / TwleT .
x NRAN .
X /SAS P s A1y )
X A1CH .
X THCY .
x /SHIP P/ X% .
X /TAIL P/ CKTR1 .
COMMNAN
X Z/FUNCS 7/ FOO ) (28
X FoO0g(28)
x FQl1135%)
X D001 (09
x 000K (09
x D11 {09
x DO17(18)

THF FOLLOWING DATA

DATA SOURCE

.

ADVP
A1SC
XTRG
CKEL
DXHS
pzZvs
cMF2
VME
SXW
RHO

CKD(
Y20
FMRS
NAZ
A1 C2
RIC2
THC?2
tyy
CKTR

FOO
FOO
FO1
[plele]
[»]ele]
[>1o}}

XXe 1YY

2
0 « B15CO « THTRCO+ XAOSG + YCSG

« XAOSR « YCSR + XCSR + XTRR

« OXTR « DXVS + DZ ’

@ DXW « DZW + IR

» CNF2 + CKRF o CXWluM, Tw

« VNF o SXF1I « EXF2 « SYF

« SZw

« G v« PIE
20)s CKQ(20), CKDL(20)s CKOAL (20}
) . WFI20)

» CKAQ + CKABL + CKABZ o CKAB3

« N8B + RB ¢ EFH

« ALK « A1K2 v ALK7 « AlKa

« |1k « AlK? +» Plk3 « RIKa

o THK] » THK?  THKA ¢ THKA

« 127 « MASS
2 « 1HS « 1VS + S2ZHS s SYVS
21281+ FOO3(18)s FDOO4(14)s FOOS(14)
7014y FOOB(2B)1» FOOI(14)s FOL10(28)
3(07)e FOl4(071s FO15(07)s DO18B(27)
2(09)s DOO3(0G)s DODA(OF)s DOOS(C)
7(09)s DOOB(0F)s DONPICT e DO10I0D)
3(09)« DO14(0F)s DON1ISI09)s DOIEL1IB)

127

FOI6(35410%

ECOM-0387-F2A

7ADVR /=--AERODYNAMIC PARAMETERS

DATA
I ADVP] 7/ 3.28E-4 /»

ADVR2 / 3.0

ZCNTL P /--CONTROL STICK PARAMETERS

NATA

1 AQScD 7 845 /e
2 THTRCO/ 23. /s
3 xXC56 7/ 2.81 /e
4 YCSR /9.6 /e

A1SCO
XANSG

XTRG
XCSR

/ ENG P /~-ENGINE PARAMETFRS

NATA

1 IROT 7/ 2B20.0 /s CKEL

/ -10.8

7/ 0e92

# =500

7/ 9.6

/ 10%29.0

/F N M P/--PARAMETERS FOR CALCULATION
NATA

1 Ox /  =e3125 il OxXHS ~ 16453
2 DOxvs / 2%.08 /. nz 7/ TeS58a
3 Dzys - 4,40 /¢ DOXW / -0a87
a IR / 0,00

/ FUS P /--FUSELAGE PARAMETERS

DATA

1 CLF> / ~2040 /4 CMF2 / 060
2 CKRF 7 0850 /o CKWIWM/ Oen
3 VLF 7 100e /o VMF / 100,
a SxFy 10,0 /s SXF2 7 1040
5 SIZF / 10,0 /s SXw / 27.8
/GPARAM /-~GENERAL PARAMETERS

NATA

1 DELT 7 De0312% 7+ RAHO 7/ Ca«00238

2 Pl1E / 3.141%9

Fa
g
7
/e

OF

s

/e

s

FOI7{(3%410)

R1SCO

YCSG

XAOSR

XTRR

MASS

COMMUNICATION

1S FOR COARA

1S TECHNICAL REPOR?

=13.,2
1.85
133

&e0

e
7
)

FORCES AND MOMENTS

DXTR
DZTR
DZw

CNF2
Iw
VNF
SYF
SZw

~

26478
24862
74554

~30.0
De248
1004
10,0
27.8

32.2

/a
7
7

/e
7
)
sl

FO18(7+342)
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[aNalal

[aNalal

2}

O N

AN O00 Y0

110

/RCOFFF/-—-MAIN ROTOR ELEMENTAL LIFT AND DRAG COEFFICIENTS
DATA 1S FOR 3 ELEMENT ROTOR

DATA

1 CRL(1}/ Be32 7y CKL(21/ 4.9% Ze CKLI31/ 443% 7
2 CKD(1)7 Be32 /s CKDI(2)/ 4.9% /e CKDI(3)/ 4,35 /s
J CKQ(l}/ S2.68 /e CKQ(2)/ 70.79 /e CKQ(3)1/ 92457 'l
ACKDL (1) / Se32 ZeCKDL(2)/ 8.9% /+CKDLI{3)/ 4435 e
SCKQL (1) / %268 ZeCKQL2)/ 7079 Z+CKOL (3)/7 9257 7
6 CKM(1}/ %2.658 se CKM(2)/ T0.79 Je CKM(3)/ 9257 s
7 Y1}/ .90 Lo Y21/ 14,30 s Y(3)/ 18+70 s
B WF{l11/ 1.0 Ze WF(2)/ 19 e WFIL3)/ 1,0 4

/ ROT P /-=MAIN ROTOR PARAMETERS

DATA
1 TWIST /~0417% /s FMRS /0,0 /s

2 CKAO 7/ 7.04E~8 /. CKABI / 7+04E-8 /4 CKAB2 / 1,0 /o
3 CKAR3 / 040 /s NRAD , 3 /e NAZ / & o
a N8 /2 /e RB s 22.0 /e EFH 7 0.0 ’

/SAS P /-~SAS GAINS AND TIME CONSTANTS

PDATA

1 AlCH Ve Z aic2 s /e AlKY / 7
2 AIK2 /e aA1KY s s AlKs s s
3 B1CY /’ Il |1c2 s /s BIK1 / Il
4 BIK> 7/ /s B1K3 7 Ze BIKa / s
s THCY / 7 THI2 7 L THK1 7 al
& THK2 / Xl THK 7 THKA 7/ 7

/SHIP P /——INERT!A AND MASS PARAMETERS

DATA

1 Ixx 7 253040 £e 1YY 7/ 117160 /o 1ZZ 7 10164.0 /e
2 MARS s/ 2T74.0 /

/TAIL P /-=-TAIL ROTOR AND STABIL [ZER PARAMETERS

DATA

1 CKTR1 7/ 1.0 /v CKTR2 7/ 4000, /e IHS / Qa0 7
2 1vs / =.078% /e SZHS /7 13.% /e SYVS /s 22.5 4

INTERNAL DATA FOR FUNCTION GENERATION

DATA (DOOI(IONE)+1ONF=249)/

1-246N0D0E=-01s 341200NE+00« 34120006400+ 2460C0NE-014s 3.12000F+00,

1 2«6NC00E-D1s O + O s

DATA (DOC2(IONE)Y+IONF=2,9)/

1 7.84000E-01¢ 1+400000E+004-Cs ¢ 8,90000E=-02s 2.67200E+0N,

1 2¢16000E-C1+s 3,53%000E4+N0. 2,70000E=01/

DATA (DOOB(IONE ) IONE=2,9)/

1-260000E~0ts Co « 3e¢12000E4C0O. 2+60000E-01s 3412000E+0N,
1 2¢6N0D0E-CO1s O v O 7/

DATA (DOOCG{IONE)4IONE=2,9)/

1-246N000E-01+ 0, « 34120NNE4004 2460000E-01s 3,12000E40N1,
1 2+60C00E=-0ts N « Cs e

DATA (DOOCS{IONE )+ IONEZ2,9)/

1-2+6N000E-01+¢ O » 3.1200NE+00, 2460000E-01. 3412000E+210,

1 2+¢60000E-014+ Oa « O s

DATA (DOOB{IONE)¢IONFE2,9)/

1 7¢84000E-01+ ! +0000PE4ND~Cu 1 4.9000NE-02¢ 2+6720CE+0N,

1 2¢16000E~0t v 3e%90C0NE+00, 2470000E-01/

DATA (DOOT{TONE)+IONE=24:9)/

1-2¢860000E=-014+ O « 3+12000E400¢ 2460000E~014 34120D00E+00,

1 246nN0D0E~O1s O + O /

DATA (DOOBI{IONE)+IONF=2,.9)/

1 74Ba0DOE-Cls 1+0000NE+004-0s + 4,90000E-02» 2467200E+00,

1 2418000F=01s 34%900NE+00. 2.70000E~01/

DATA (DOOS(IONE)«IONF=2:9)/

1-2460000E=-014 Oo » 2412000E+400, 2+60000E-01+ 3+12000E+00,

1 2460000E-0Ol+ Do v O I

DATA (DOID(IONF)I4JONF=2,49)1/

1 1e6N0D0E+00, 242200rE+00.-04 s 1400000E=-N01s B,32000F+00.

1 6+2N000E=-01s 1435000E+00, 2+10000E-01/



1
1

1
1

1
1

1
1

1
1
1
1
1
1

DATA (DO11(IONE)sIONE=249)/

4¢71000E-01

DATA (DOI13(IONE)+ IONF=249)/

1¢40000E+0O1 »
2e00000FE4+01 »

DATA (DO14(IONF )+ IONE=2,49)/

3¢30000E+01
6¢7NO00E+D1

DATA (DOIS(IONE )« IONF=249)/
Se0000NE+01+=-0s

1 «s00000E+0] »
2¢0N000E+01 o

Se1000NE~O1 =00 .
3¢90000E-02+~3430000E-01+

S+00000E-02/

344000NnE+014-04 .

362000nF 402,

1,18000F402/

1+0000NE+024+-0e .

1+0000nE+02,

Oe L}

1.00000E402/

Oe /

DATA (DO16(1TWO) e ITWN=2418)/

S e0K0S0E~O1 o
Oe .

S5+0605NE-01 4
(oY ’

1 ¢10000F+034-141000NnE+C2,

Ne .

Oe 4

5e060S0E-01,
O .
1410000F 402,

DATA (DO17(ITWO)s1TWN=2.18)/

5¢060S0E-01
o. ,

5e¢060S0E-01
O» .

1e10000E+03+¢-11000nE+02,

Oe 3

(oI /

S e060S0E~O1
Oe .
1+10000E+02

DATA (DO18(ITHREE ). I THREE=2427)/

~9¢20000E~024
8+8N000E-02.
2«0N0O0COE+O1

Oe .
-0 .
Oe /
END

8+:4000NnE~-02,
9+460000E-01,
2¢0000NE+01,
Oe .
1 e2000NnE+02,

3¢53000E-01.
3.48000E-01.
2+00000E+01
3.,00000E+00,
O. .

4471000E-014-3¢32000E=-01»

7e00000E+00

3+30000E+01

1s00000E4+N1 4

3449000E-02+
3¢50000E4+01 «
0- .

3449000E-02+
3+50000E4C1
Oe .

2461 000E-01.
7e¢00000E+C0,
Oe .
3460000E4+02,
Co D

2¢60000E+01

3440000E+01

140000NE+01T o

O [}
1.10000E+C3,
(o2 .
o. *
1¢10000E+C3.
Oe .

1 «BO0000E-0O1
2+00000F+01 4

O. L
3.60000E+C24
Oe .
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-.02038%
-.69404
.73487
+53808
-1.0800
—1e3121
-1+30a8
140909
23077
640900
071154
3.9221
-0.188a6
-8,27%50
00000
~esT121
-+59000
«376%a
+238a6
7.9973
-+00%00
.29918
61148
-.58846
«95000
1e30%8
De0900
- 93000
~e75479
-.14240
00000
~1+3%40
-1.2291
~1.3530
~0.75511
1.0
1.0
1en
622
052
.008
«Qt2
563
622
2082
.008
2013
5672
622
w2
.08
.013
554
0623
112
.008
«Daa
LY
.626
212
008
144
557
632
o312
.008
.244
571
640
. 340
.008
¢ 340
578
652
« 340
081
« 340
.588
672
«340
P11
.340
602
899
.340
.340
s+ 240
528

-.28538
-~ 66849
«B85767
34481
-1.0540
-1.3180
143023
13200
3.2308
540000
+99615
32,8179
-2,6385
~7.8627
-e023333
~+39000
-+59000
«59000
32,3385
7.6468
» 0066567
. 34845
. 65528
~+77000
. 70000
1.a538
~.242333
~.93000
-.73239

~1.a100
-143300
~1.2a82
-143762
~0.52766
.7
)
Pl
o553
013
NLY:]
L0682
822
563
L0123
.008
0862
522
564
013
008
082
622
oI55S
+03a
008
112
622
154
148
.one
212
626
«571
244
.008
o312
632
578
340
.on8
L340
640
.588
340
L0at
340
653
.603
+340
.41
.340
5672
528
.340
.340
.340
699

Function Data Inputs

—+%54407
~e62618
«96%85
« 17769
~1.0880
-1¢3198
-1+4300n
143200
540000
60009
19352
2.979y
-54029¢
-6e 6058
~+04K687
-+98900n
- 59007
+590C0n
642593
6eT574
«018323
039229
= 6991y
~+6000n
1e318=
15452
-ea8867
-e32678
-+ T7N0O0O

~124064
-1,43060
~1+2%7a
—1.3422
~0,29021
.34

Ne

.125
.509
«011
008
.130

+508
«011
008
+130

508
«011
«028
«130

«509
011

«0028
«180

+511
«076
«008
«280

514
o176
« 008
340

«319
276
« 008
» 340

527
+340
2107
°340

+5238
*340
«207
«340

« 554
«340
+340
024N

-.72308
-e 82655
«96040
01269
~1.41210
-1.3135
-1.0809
142007
540000
5,9793
3.0327
148379
-6.6927
-449015
-¢104239
-e59000
-.4423a
+34484
740238
55,0648
«044098
«43612
.61887
-+113508
125462
1.2948
-~ 73000
-.89437
-+93000

-1e3980

~12820

~1e2865
-1+3081

-+ 0%2766
w16

- 73846
~-s 12774
«3%042

~-141371
-1e3113
-0.8188
120841
60000
441479
28529
«79389
—-7eTTTT
-2¢4313
~e16785
~¢590N0
-e23112
« 09968
76349
248779
072213
+ 47995
356240
+ 32984
1e8a42
«Badsy
-e792%0
-+B6197
-*93000

-1+2896
-1.2580
-1.23056
-1«274a1

De

406
« 009
« 009
ane

«a06

« 009
« 009
«4N6

«a0€
« 009
«ON9
«anNs

«a07
« 009
« 009
«407

«407
« 009
2009
an7

«809
«0a1
«0al
+409

atl
s14]
RER!
o4l

414
241
201
«a1a

+4818
«340
« 340
«318

o425
«340
v340
a2%

—-+ 73846
« 15600
«84925

-141836
-143090
~0.82778

6+0000
[Rela)
3.9279
« 00
-8.2377
«00
—«26436
— e 8000
~-«026556

B.0144
«On
12246
«52378
s 036667

142962
Ce0
-+8%5%00
-.82958
-+« 89000

-“1e3812
~1 2340
-1e32a7
-1.2400

« 361
2078
« 010
+255

361

«008
«010
0235

. 361
«0nA
«N10
255

361
«0NnA
«C10
*a86

361
«0n8
010
as?

« 362
N8
« 108
»459

» 362
074
208
2453

« 363
174
«308
458

2165
«274
« 340
«476

* 367
« 240
+3a0
«587

-+ 71904
«846371
74405

~1e2479
-1+3068
0.8200

640000
3.9971
-B846650

~241779
-+59000
« 17508

B8.1927

+21082
¢56761
-e27692

1.2038

~e91750
~e 79718
-+%51620

-1e3728
-1e¢2100
-1e¢3439
-140026

«130
«008
«011
+508

«130

2008
«011
«508

+130
«008
011
«508

+180
+008
011
«309

«280
<008
076
«S11

¢330
2008
176
+Sla

+340
«C08
«276
319

*340
«107
«3a0
«527

«340
«207
«340
+538

+340
«340
» 340
554



~ e 395
-e980
-«107
1120
«362
-+995
-.928
-s100
1,024
=L
~e998
-+883
-s112
«963

» 963
—+997
—e851
~ell6
«204

» 954
-1.000
-+B822
-e123
«857

« 366
-1+00%
~a798
—e132
«818

+« 97N
-1+013
~s779
~e140
«78S
977
~102%
~—e 764
—+283
760
+987
-14042
~e748
~e15%
+733
16002
-1:067
~e727
~+100
« 699
1,023
—e22%3
—e2538
-e2789
—+4091
—e856]
-e3027
-«%328
-+%919
-26%10
- e 6872
-s7436
-«8072

~e 362
-1.120
«107
+980
995
-+9863
-1403a
«109
»928
9%
-+963
~e963
112
«88%
2998
~e 964
-e904
115
«851
997
-2 966
-+857
+123
o822
1000
-e970
-.818
133
«798
1005
- 977
-~ 7858
<149
779
14013
-+ 987
~e 760
.283

« 764
14025
-1.002
-e732
2195

« 748
1042
-1023
-+ &99
«100
«727
1067
-«0337
-+ 0555
-e0720
~¢0651
~o 11558
-~ 1658
-20933
-e 1532
~+2131
-2 1289
-2 1925
-e2566

-e328
-1.183
»322
«840

-+926
~14140
+327
822

-+926
-1.04
«33¢
«808

-e927
~.938
350
797

~e929
-+0892
«370
«787

-e932
-+837
«401
«779

-e937
-e792
2449
773

-~e345
- 756
.70
.768

—-+9537
-e718
2466
« 762

-e974
—e«&670C
«300
» 755

«0039
-e00268
-s009a
«0as%2
~«0056
~+0582
« 0527
—-e0074
-e0872
*0547
~e00G2
-+0730

-+885
~e9587
«537
« 794

-+885
—e982
s 545
« 794

-e.885
~1009
+SE0
«794

-+886
-1012
«583
794

-«887
-e927
617
« 792

-e890
~¢856
«668
794

-+892
-+ 7G58
+749
795

—-+899
—e752
«744
«796

-+308
~+ 708
«67%
798

-+920
~s£42
500
+801

«NE35
0477
« 0267
»1548
«1045
«0541
*1985
« 1386
« 0787
s2382
«1744
«1105

—e841
- 752
« 752
«841]

-eB4)
-+ 764
764
o841

-«84a1
-«78%
« 785
«B4l

~«B842
-eB817
817
+842

-+B842
-e864
«B6a
842

~.Ba4
-.875
»875
844

-eB4a6
-e804
«80a
«8a6

-+8S0
-+ 748
«748
« 850

-+855
~e689
« 689
k1]

-e862
~e6148
614
«B862

«4818
«4555
+82648
« 6081
5627
«5168
« 7829
7241
« 6657
«3725
«9091
+B458

-~ 794
~-+537
367
« 885

—e 794
~+546
982
+88%

-+ 794
- %60
14009
«88%

-a794
~-«583
1e012
«886

- 794
~e817
«927
«887

-+794
-+ 668
« 856
+890

-« 795
-e749
.« 798
+893

-+7968
-e744
752
«899

~e 798
Y -¥d-]
¢ 704
+908

-a801
-+200
642
«920

~+Ba0
-e322
1.183
«326

-e822
—e327
1els
«926

-«B808
-~e336
1040
°926

-4 797
~+350
«958
927

-~ 787
~e+270
»892
2929

~e779
~s401
«837
932

-e773
-.849
792
937

-e 768
~e740
e 786
«945

—e762
-2 466
718
957

E 1]
-s+300
«670
974
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Program Setup

The program deck is read into the computer after selecting the RESET mode and
both RELEASE switches on the program control console (fig. 1(b)). When real-time sta-
tus is achieved, the READ mode is selected to store variables for printed output followed
by depression of the lower RELEASE switch. 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. 1(b)). With an
untrimmed (148.16 km/hr (80 knots)) condition selected, the simulation is momentarily
placec 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, AISC’ BISC’ and QTRC'

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

is input by entering the value in the appropriate TABLE location. The values equivalent
to a 2.54-centimeter (1 inch) stick deflection are as follows:

A1SSTEP (TABLE(60)) = 0.032 radian for a perturbation on AISC
BISSTEP (TABLE(61)) = 0.049 radian for a perturbation on BISC
THTRSTP (TABLE(62)) = 0.087 radian for a perturbation on 9TRC

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 depressed to activate inputs to the computer from the cockpit. Function
Sense Switch 10 (LDISI(42)) is depressed for several minutes to allow the cockpit engineer
to statically check his instruments. During this time, voltages on all cockpit instruments
(DAC(25)-DAC(40)) are checked on the digital decimal display unit for comparison with
those listed in table I. When the cockpit engineer is ready, Function Sense Switch 10 is
released and voltages for full deflections of the controls are checked on the digital decimal
display unit for comparison with those listed in table III. After the cockpit checkout has
been successfully completed, the simulation is ready for piloted test flights.

Console Run Procedure

Upon completion of the static and dynamic checks, the simulation program is ready
for the analyst to set up preprogramed flights through the use of potentiometers repre-
senting the control sticks and pedals. The procedure is as follows:

Step 1: Select the RESET mode. All other switches should be in release positions.

Step 2: Select a value for KNOTS (INTEG(6)) from 1 to 6 corresponding to the preset
conditions closest to the desired forward velocity in order to initialize the trim
circuit.

Step 3: Input the desired forward velocity (TABLE(50)) and altitude (TABLE(52)).

Step 4: Activate the trim circuit by depressing Function Sense Switch 5 (LDISI(37)) until
White Light 1 (LDISO(61)) illuminates. Then release Function Sense Switch 5.

Step 5: Set NSTICKO (INTEG(1)) equal to 1; this allows control stick inputs from the
potentiometers located on the program control console.

Step 6: Depress Function Sense Switch 13 (LDISI(45)) to activate subroutine ADCIN; this
allows control stick inputs to the main program.

Step 7: Set potentiometers 1, 2, 3, and 4 until White Lights 21 through 24 (LDISO(81)-
LDISO(84)) illuminate, respectively; this indicates that the controls are trimmed.

Step 8: Select one 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
Then set the time of input T1 (TABLE(88)) and the time of removal of input
T2 (TABLE(89)).

Step 9: The SAS system may be activated, if desired, by depressing Function Sense
Switch 9 (LDISI(41)).
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Step 10:

The simulation is now ready for the analyst to conduct a test run. The HOLD
mode is depressed momentarily and is followed by the OPERATE mode for the
desired number of seconds. At the completion of the run, the analyst depresses
the RESET switch which returns the computer to the conditions at the beginning
of the run. Desired printout may be obtained at this point by depressing the
PRINT switch and the lower RELEASE switch. For sample strip chart output,
see figure 5.

Cockpit Run Procedure

Upon completion of all check procedures, the analyst is ready to set up the initial

conditions for the desired piloted flight cases. The procedure is as follows:

Step 1:
Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:

Step 9:

Step 10:
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Select the RESET mode. All other switches should be in release positions.

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

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

Activate the trim circuit by depressing Function Sense Switch 5 (LDISI(37)) until
White Light 1 (LDISO(61)) illuminates. Then release Fuction Sense Switch 5.

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

Depress Function Sense Switch 12 (LDISI(44)) to allow cockpit control of the stick
inputs.

Pilot trims control sticks and pedals to program computed values. Cockpit trim
is reached when White Lights 21 through 24 (LLDISO(81)-LDISO(84)) are illuminated.

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

The SAS system may be activated, if desired, by depressing Function Sense
Switch 9 (LDISI(41)) or by having the pilot depress the SAS switch in the cockpit.

The simulation is now ready for flight runs with the pilot depressing the HOLD
switch and then the OPERATE switch. At the completion of a flight, the pilot
depresses the RESET switch which returns the computer to the conditions at the
beginning of the flight. Desired printout may be obtained at this point by depress-
ing the PRINT switch and then the lower RELEASE switch on the program control
console.



PROGRAM VALIDATION

This section presents a comparison of the Langley simulation program (C1152) with
the simulation program of reference 1. Figure 6 presents data Xpos: Xcs» Yess
XTR» and ¢ from the Langley simulation program (C1152), 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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APPENDIX A
AIRCRAFT 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. 1)

_ o]
AOSC = (8.5 + 0.92XAOS>RPD

Agg = (-10.8%+ 1.85Yg)RPD
By, = (-13.2° + 2.81Xcg)RPD
OTR = (23.0° - 5.0XR|RPD

where RPD is the factor for converting degrees to radians.

General aerodynamic variable equations:
Subroutine AEROVAR (refs. 1 and 2)

\}uz + v2 4+ w2

Agpp = 1.689

Vo =\/:12 +v2 4 (W - WIM)2

ADVP, = 1 5
ADVP, = 1
2°7
L
MR At
Wing = Wing + - W at
™ = Yim 2”RBZPVT M| 7T
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_L = %p(u2 + v2)

qv =

B =

P[“z *+(w- WIM)2]

Body derivative equations:
Subroutine BODYDER (refs. 1 and 2)

. La +(lyy - Igz)ar
. Ixx

My, + (IZZ - IXX)rp

q =
yy

Nj + (IXX - IYY)pq
I77

r=

:_rcos ®+qsind
¥ =
cos 4§

§=qcos®-rsind
d=p+¥sing

_ A
U=-=+rv-qw - gsing

!

\'/=TA+pw-ru+gcosesian>

. Ly
W= +qu - pv + g cos § cos &

Earth orientation equations:
Subroutine EARTHM (refs. 1 and 2)

N =|u cos ¢ + (v sin & + w cos &)sin é‘cos ¥ - (v cos & - w sin &)sin ¥
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E =|ucos 8+ (vsin & +w cos $)sin G:Isin ¥ + (v cos & - w sin ®)cos ¥

h =u sin 8 - (v sin & + w cos ®)cos 8

Engine equations:
Subroutine ENGINE (refs. 1 and 8)

Qg = Kg,(% - 9)+ r

Q = Qe + (W, - Qg)2

Q . - 202.63158(h - 2500) + 412 500
max ~ Q
_9g - Qmr
IroT
Q= Q+ QAt
g = MR%
HP ~ 7550
Cr = CRWT
T ( R 2) QRg)2
p\thpg ( B)
5508
Cp = - HP .
p(‘nRB )(QRB)
QMR
CQ = ) 5
pRB(ﬂRB )(QRB)
"= "amrg

1.689ASPD + QRB
Myprp = Vg
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Force and moment equations:
Subroutine FANDM (refs. 1 and 2)

XA=XF+XW+FXR

Yp =Yg+ YR+ Yyg + Fyg

Zp = ZF + Zw * Zgs - Lmr

Ly =Lp+Lpy+dgFyp+ (dz - dZTR)YTR + <dz - dZVS)YVS +Ip0q

My = Mp + Mgy - dyFxp + dyLyg - (dz - dzw>xw + (dxw - dX)ZW
+ (dXHS - dX)ZHS - IgQp

N =Np + dyFyp - (dXTR - dX>YTR - (dxvs - dX>YVS +Qp

X
__A
Xm
Y
- _A
Y *m
-Z
- _ZA
2% m

Fuselage equations:
Subroutine FUS (refs. 1 and 2)

Q= tan'1<W — KR/FWIM)
F u

ey

Pr
OZW=O!F+IW
Lp=q4q;,V, C +u

F =9 %, PCze

Mg = qVVmFCmFl + qusz
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Ng = (TLVnFCnFl + urCan
Xp = cTLsxFch1 + qVSXFZCXZ
Yp = 38y Cyg
Zp = AySzCry
Zy = TyS7,,C7,,
Xy = TySxy Cxy, * WEW
WiwMm = EwymCzy

Main rotor equations:
Subroutine MAINROT (refs. 1 and 2)

1
K, =+
Ao

Ig
1
KaB, = I
1 + mpRRpe
_ B'B
KaBy = 13
K m RBeQ

By = ®oss - @188 €08 YR - Bygs Sin Ty
B\I, = (a 1ss Sin ¥R - Bygg €08 qu)Q
Wi

oy WIMWFYI:I.O + Wrp(u cos ¥p - v sin \IlR)]

UT\I:Y = YpgQ + u sin ¥p + v cos ¥p
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UP\IJY = YPE(q cos ¥p + p sin \I/R) - YRy + W - B‘I,<u cos ¥g - v sin ¥p) - WI\PY

G\I’Y = YTW + AOS - AIS cos \IIR - B].S sin \PR - (aOSS - 0.043)

)
Pyy

& = ot
YT
Tyy

Ygy = Opy + Pyy
2
U
oY Tgy

2
D = Kn. C U - K C U 8]

L =Ky C
PDR\I/Y Ly~ L

2
M =Kp C U

2
K~ Cn U - C; Up .U
QPDRW Qy Dyy Tyy ™ “QLy Lyy Pyy Tyy

¥

Kp \ R
@oss = (Np )< )ZyMPDR
A7 L vY
K \PR Y
e = [P\ AB1 ZZM in ¥y) - K K
188 —(NAZ) Q ( PDR‘I’Y sin R) - Aqu + AB;;BISS
YR

Y

. ABl

Piss = (NAZ)

@955 = X155 + ¥pggAt

P1ss = P1gs * BrgsAt
YRy

<NAZ>Z z %LPDR\I, cos ¥p - Dppg,_ ., Sin \IJR>
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Y
-8.L sin ¥, - D cos ¥ )
Z( N PDR\I/Y R PDR\IJY R

¥
RY
epN
LRH—-sz (LPD sin Wg) + Fyps?2B
¥
RY
MRy = - (;?NB z Z<LPD cos 'I’R> + FMRSQZO‘ 1SS
AZ Ry
. Yry
Laro = | —B-1(1.0 + GuryG ZL
MR <N AZ>< EH EV) PDRy
¥

Tail equations:
Subroutine TAIL (refs. 1 and 2)

VTR =V - (dXTR - dx)r

Whs =W+ (dxgg ~ 9%)0 - PwWim - Wrwm

_ 0 2
5 = 10.6852° - 2.0405X g + 0.2445X g

W
_ -1 " HS
ays = tan < T >+ KTRléE + IHS

Pys = ta“_1<VER) +lys
Zs = WSz 2y
Yys =Sy, Cvyg
Yrr = KTR,C Vg
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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 technique 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:

z = {(x,y)
y
f(xq1,y
b —— — — — 27 iy
l f(x,y) l
i,y
| e f'( e —+f(x2 ¥y)
- I
P i/ | |
Vo o e ] ]
X g X
y
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,yz). 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-
lation between f(x,yl) and f(x,yz) where

X-X
f(X’Y1) = f(x]_’YI) + }?z_-_TIIE(XZ’y]') - f(x]_;ylﬂ (Bl)
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X -X
f(x,yz) = f(xl,y2> + )ﬁﬁ(xz,yz) - f(xl,yzil (B2)

This interpolation can then be written

Bx,y) = f(x,yq) + %E(x,yz) - f(x,ylﬂ (B3)

Equations (B1), (B2), and (B3) are sufficient to give the value for f(x,y) in the particular
area. For these equations to be of use they must be implemented to change as the inde-
pendent variables move to a new area.

The method is based on a setup assuming the function for equal intervals of the inde-
pendent variables. This will include most aerodynamic functions. A more generalized
technique would be to provide for several areas of equal intervals per independent varia-
ble. The function technique described provides for three areas of equal intervals per
independent variable. The areas and the corresponding interval for each area are
defined by an array. The generated function value is returned through the first word in
this array. A FORTRAN CALL STATEMENT is used to pass the array of function val-
ues, the array of function parameters, and the independent variables to the FUNC
subroutine.

The key statement in the coding is the division in fixed point mode of the real
FORTRAN variable AX (or AY or AZ) by its equal increment. This division allows selec-
tion of the proper interpolation area without a search routine. TFor this function genera-
tion technique the execution time is independent of the number of curves per function or
the number of points per curve. The function value of interest will be obtained by linear
interpolation between the stored data values by equations similar to equations (B1), (B2),
and (B3). These equations are implemented in another form to be more efficient. The
implemented FORT RAN equations for function of two variables are

G1 = TX*FUNC(I1,J1) + SX*FUNC(12,J1) (B4)
G2 = TX *FUNC(11,J2) + SX*FUNC(12,J2) (B5)
RESULT = G1 + (AY/DELY - JS)*(G2 - G1) (B6)
where
SX = AX/DELS - IS
and

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
A Y=15 {YAREAz
Y=10
Y=5
RESULT O/O/O Y=0 YAREAI1
CYP(X,Y)
AREA 1 AREA 2 AREA 3
DELX1=0.2 DELX2=0.1 DELX3=0.5
BIASX1=-0.2 BIASX2=-0.4 BIASX3=2.8
L J i L L L | L 1 i 1 » X
0 2 4 .6 .8101.2141.61.82.02.2
XAREA1 XAREA2 XAREA3
Sketch (c) ~ Typical function of two variables.
The tabular form of the foregoing function is as follows:
X Y 0 5 10 15
- 0.2 | FXYO01(1,1) | FXY01(1,2) | FXY01(1,3) | FXYO01(1,4)
XAREA1
DELX1 = 0.2 4 | FXYO1(2,1)
BIASX1 = -0.2
- 6
T
8
XAREA2
DELX2 = 0.1 9
BIASX?2 = -0.4
1.0
1.1
- 1.2
XAREA3
DELX3 = 0.5 1.7 L |
BIASX3 = 2.8 Y ' 4 i
-> 2.2 | FXY01(11,1) | FXY01(11,2) | FXY01(11,3) | 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,

BIASX1 = (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

PXY01(XAREA2, XAREA3 BIASX1,DELX1,BIASX2,DELX2,BIASX3,DELX3 XPOINTS,
YAREA2 YAREA3,BIASY1,DELY1,BIASY2,DELY2 BIASY3,DELY3)

Substituting numerical values gives
DATA(PXYOI(ITWO),ITWO=2,18)/.6,1.2,-.2,.2,—.4,.1,2.8,,5,11.,15.,15.,0.,5.,0.,0.,0.,0.1
The FORTRAN CALL STATEMENT is

CALL FUNC2(FXY01,PXY01,X,Y)

CYP = PXYO01(1)
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* ONFE VARITABLFE

* THE FOLLOWING 1S CODED IN COMPASSe THF FORTRAN
* CODE IS SHOwWN AS AN EXAMPLE OF wHAT 1S CODEDR

IF(XINDEP=XAREAZ) 1el42

1 DFLX = DELX!
AX = XINDEP + BlASX!]
GO TO 5
2 IF(IXINDEP-XAREAZ) 3¢344
3 DELx = DELXZ2
AX = XINDERP + 8lASX2
GO TO =
4 DELX = DELX3
AX = XINDEP + 8BIASX3
5 15 = AX/DFLX
SX = AX/DFELX - 15
RESULT = (1e=5SX)*¥FUNC(IS+1) + SX*¥FUNC(IS+2)

** TwO VARTABLF

* THE FOLLOWING IS CODED IN COMPASS.e THF FORTRAN
* CODE IS SHOWN AS AN EXAMPLE OF WHAT 1S CCODED
IF (X INDEP-XAREAZ) 1els2
1 DELX = DELX1
AX = XINDEP + BIASXI]
GO TO 5
2 IF(XINDEP=XARFAZ) 34344
3 DELX = DELXZ2
AX = XINDFP + BlAaSx2
GO TO 5
4 DFELX = DELXA3
AX = XINDEFP + RIASXZ3
S IF(YINDEP-YAREAZ) HebHe7
& DELY = DELY!
Ay = YINDEP + HIASYI
GO TO 13
7 IF(YINDERP-YARFAZ) BeBs3
8 DELY = DELYZ
AY = YINDEP + BlASYZ
GO TO 13
9 DELY = DFLY3
AY = YINDEP + BI1ASY3
13 IS = AX/DELX
Js = AY/NFLY
11 = IS + 1
J1 = JS + 1
12 = IS + 2
J2 = JS + 2
SX = AX/DFLX - IS
T X = le - SX
Gl = TX¥FUNC(IIsJ1) + SX¥FUNC([24J1)
G2 = OTXH¥FUNCIIT4J2) + SX¥FUNC(I24U2)

RESULT = Gl + (AY/DFLY-JS)1*(G2-G1)
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5

13
t4

15
16

17

18

* THREE VARIABLE
THE FOLLOWING

CODE

*

s

IF (X INDEP=-XAREAZ) 1ele2

DELX = DELXI

AX = XINDRDEP + BIlASXxI

GO TO &

IF (X INOEP-XAREAZ3) 34344
DELX = DELXZ

AX = XINDEP + Bl1ASXZ

GO TO 5

DELX = DELX3

AX = XINDEP + BIASX3
IF(YINDEP-YARFAZ) 61547
DELY = DELYI

ay = YINDFP + BIASY!

GO TO 13

IF(YINDEP-YAREAL) Be84+9
DELY = DELYZ2

AY = YINDERP + BlASYZ

GO TO 13

DEFLY = DELY3

AY = YINDEP + B1ASY2
[F{ZINDEP-ZAREAZ) 14314415
DELZ = DELZ]

AZ = ZINDFP + 8314571

GO TO 18

IF(ZINDEP-ZARFAZ) 16416417
DELZ = DELZZ2

AZ = ZINDEP 4+ 8lIASZ72

‘GO TO 18

DELZ = DELZ3

- W4 = ZINDEP + BIASZ3

IS = AX/DELX

JS = AY/DELY

KS = AZ/DELZ

11 = IS + 1

J1 = JS + 1

K1 = KS + 1

12 = IS + 2

Je = JS + 2

K2 = KS + 2

SX = AX/DELX - IS

TX = le = 5X

5Y = AY/DELY - JS

Gl1 = TX®FUNC(I1eJ1 K1) +
G21 = TX*¥FUNC(I1eJ2.K1) +
G122 = TX*¥FUNC (11201 .K2) +
Gaz = TXRFUNC T +J2K2) +
H1 = Gl + SY¥(G21~G11)
H2 = Gl2 + SY¥(Ga22-Gl12)
RESULT = H1 +

APPENDIX B

CODED
IS SHOWN AS AN FXAMPLE OF WHAT

IN COMPASSe THF

Is

SX¥FUNC(12+sJ]1 +K 1)
SX¥FUNCI(12sJ2¢K 1)
SXHFUNC (124 J1 «K2)
SXEFUNC L2 U2 K2

(AZ/DELZ-KS )% (H2-H1)

FORTRAN
CODED
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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 FUNCI1(FUNC,RESULT,XINDEP) for functions of one variable
CALL FUNC2(FUNC,RESULT,XINDEP,YINDEP) 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,DELX1,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,DELY1,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,BIASZ1,DELZ1,BIASZ2,DELZ2, BIASZ3 ,DELZ3
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where

AREA - that is, XAREA1 XAREA2,...,ZAREA2 are the values of the inde-
pendent variables 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
independent variable at which the functions are tabulated.

BIAS - that is, BIASX1,BIASX2,...,BIASZ3 are the values that when added
on to the independent variable enable the 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 - 26g locations.

FUNC3 - 528 locations.

Subprograms used: None.

Other coding information: The timing requirements are as follows:
FUNC1 - 20 microseconds.
FUNC2 — 40 microseconds.
FUNC3 — 60 microseconds.

Source: See reference.

Author of subroutine: Dave E. Eckhardt, Jr.

Subroutine date: December 15, 1970.
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This appendix contains the data input to the function generation scheme described
in appendix B.

APPENDIX C

FUNCTION DATA

*
brearpoint | Fy("F) | Czg(w) | Cip,(°F) | Cnp (°F) | Cyp(fr) | Coy(w)
-3.12 -0.020385 0.23077 0.071154 | -0.18846 0.23846 0.0500
-2.86 -.28538 3.2308 .99615 -2.6385 3.3385 .7000
-2.60 -.54407 6.0000 1.9352 -5.0296 6.2593 1.3185
-2.34 -.72308 6.0000 3.0327 -6.6927 7.0238 1.5462
-2.08 -.79846 6.0000 3.8529 =TT 7.6349 1.4442
-1.82 -.75846 6.0000 3.9279 -8.2377 8.0144 1.2962
-1.56 -.71904 6.0000 3.9971 -8.6650 8.1927 1.2038
-1.30 -.69404 6.0000 3.9221 -8.2750 7.9973 1.3058
-1.04 -.66849 6.0000 3.8179 -7.8627 7.6468 1.4538
-.78 -.62618 6.0000 2.9781 -6.6058 6.7674 1.5452
-.52 -.42655 5.9793 1.8379 -4.9015 5.0648 1.2948
-.26 -.12774 4.1679 19389 -2.4313 2.8779 .84351
.00 .16600 .0000 .0000 .0000 .0000 .0000
.26 46371 -4.1679 -.79389 2.4313 -2.8779 -.84351
.52 73487 -5.9793 -1.8379 4.9015 -5.0648 -1.2948
.18 85767 -6.0000 -2.981 6.6058 -6.7674 -1.5452
1.04 .96585 -6.0000 -3.8179 7.8627 -'7.6468 -1.4538
1.30 .96040 -6.0000 -3.9221 8.2750 -7.9973 -1.3058
1.56 .95042 -6.0000 -3.9971 8.6650 -8.1927 -1.2038
1.82 .84925 -6.0000 -3.9279 8.2377 -8.0144 -1.2962
2.08 .74405 -6.0000 -3.8529 7.7 -7.6349 -1.4442
2.34 .53808 -6.0000 -3.0327 6.6927 -7.0238 -1.5462
2.60 .34481 -6.0000 -1.9352 5.0296 -6.2593 -1.3185
2.86 .17769 -3.2308 -.99615 2.6385 -3.3385 -.7000
3.12 .01269 -.23077 -.071154 .18846 -.23846 -.05000
*Angle refers to Ap, BF’ or ay.
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* *
brégl%%)eoint Cxo(*F) | Cxy(PF) | CXw(®w) br%;ll%i)%int
e d
-3.160 1.0841 |0.09968 |0.32984 0.000
-2.890 1.2007 .34484 | -.13508 .049
-2.620 1.3200 .59000 | -.60000 .098
-2.350 1.3200 .59000 | -.70000 147
-2.080 1.0900 .37654 | -.58846 .196
-1.810 .8200 17508 | -.27692 .245
-1.540 -.42778 | -.026556 | .036667 .294
-1.270 | -.8188 | -.23112 .36240 .343
-1.000 |-1.0809 | -.44234 .61887 .392
-.784 |-1.3000 | -.59000 .69911 441
-.135 [-1.3023 | -.59000 .65528 490
-.686 |-1.3045 | -.59000 61144 .539
-.637 |-1.3068 | -.59000 .56761 .588
-.588 |-1.3090 | -.59000 52378 .637
-.539 |-1.3113 | -.59000 .4'7995 .686
-.490 |[-1.3135 | -.59000 43612 135
-.441 |-1.3158 | -.59000 .39229 184
-.392 |-1.3180 | -.59000 .34846 1.000
-.343 |-1.3121 | -.57121 .29918 1.270
-.294 |-1.2479 | -.41779 .21082 1.540
-.245 |-1.1836 | -.26436 .12246 1.810
-.196 |-1.1371 | -.16785 072213 2.080
-.147 |-1.1010 | -.10439 .044098 2.350
-.098 |-1.0680 | -.046667 | .018333 2.620
-.049 |-1.0540 | -.023333 | .0066667| 2.890
3.160

*Angle refers to ap, Bp, or oy.
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Cxo(?F) | Cx4(BF) | CXyy(@w)
-1.0400 | 0.00000 |-0.0050000
-1.0540 | -.023333| 0066667
-1.0680 | -.046667| .018333
-1.1010 |-.10439 | .044098
-1.1371 | -.16785 | .072213
-1.1836 | -.26436 | .12246
-1.2479 | -.41779 | .21082
13121 |-.57121 | .29918
21.3180 |-.59000 | .34846
-1.3158 | -.59000 | .39229
-1.3135 |-.59000 | .43612
-1.3113 | -.59000 | .47995
-1.3090 |-.59000 | .52378
-1.3068 | -.59000 | .56761
-1.3045 |-.59000 | .61144
-1.3023 |-.59000 | .65528
-1.3000 |-.59000 | .69911
-1.0809 |-.44234 | 61887
-.8188 |-.23112 | .36240
-.42778 | -.026556| 036667
8200 | .17508 | -.27692
1.0900 | .37654 | -.58846
1.3200 | .58000 | -.70000
1.3200 | .59000 | -.60000
1.2007 | .34484 | -.13508
1.0841 | .09968 | .32984
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B
bre:;{psoint CYVS(BVS) brea?{,psoint CYVS(BVS)
-3.06 0.14240 0.10 -0.24333
-2.85 .51620 .20 -.48667
-2.64 .89000 .30 -.73000
-2.43 .93000 .40 -.79250
-2.22 .93000 .50 -.85500
-1.60 .70000 .60 -.91750
-1.50 .713239 .70 -.93000
-1.40 .76479 .80 -.93000
-1.30 .79718 .90 -.926'76
-1.20 .82958 1.00 -.89437
-1.10 .86197 1.10 -.86197
-1.00 .89437 1.20 -.82958
-.90 .92676 1.30 -.79718
-.80 .93000 1.40 -.76479
-.70 .93000 1.50 -.73239
-.60 .91750 1.60 -.70000
-.50 .85500 2.22 -.93000
-.40 .719250 2.43 -.93000
-.30 .73000 2.64 -.89000
-.20 48667 2.85 -.51620
-.10 .24333 3.06 -.14240
.00 .00000
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2Hs

a
breakpoint CZys(*us) breagpsoint CZys(*ns)
-3.12 0.052766 0.471 ~1.4100
-3.03 129021 51 ~1.4064
-2.94 .52766 60 -1.3980
_2.85 16511 69 -1.3896
-2.76 1.0026 18 -1.3812
-2.67 1.2400 87 -1.3728
~2.58 1.2741 .96 -1.3540
-2.49 1.3081 1.05 ~1.3300
-2.40 1.3422 1.14 -1.3060
-2.31 1.3762 1.23 -1.2820
-2.22 1.3630 1.32 -1.2580
-2.13 1.3439 1.41 -1.2340
-2.04 1.3247 1.50 -1.2100
-1.95 1.3056 1.59 -1.2291
-1.86 1.2865 1.68 -1.2482
1.7 1.2674 1.77 -1.2674
-1.68 1.2482 1.86 -1.2865
-1.59 1.2291 1.95 ~1.3056
-1.50 1.2100 2.04 -1.3247
-1.41 1.2340 2.13 -1.3439
-1.32 1.2580 2.22 -1.3630
-1.23 1.2820 2.31 -1.3762
-1.14 1.3060 2.40 -1.3422
-1.05 1.3300 2.49 -1.3081
-.96 1.3540 2.58 -1.2741
-.87 1.3728 2.67 -1.2400
.78 1.3812 2.76 -1.0026
-.69 1.3896 2.85 _.76511
-.60 1.3980 2.94 - 521766
-.51 1.4064 3.03 -.29021
-4 1.4100 3.12 -.052766
.00 .0000
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i u u h
breakpoint Dyy(u) breakpoint Ggy( breakpoint Geg(h)
0 1.0 0 1.0 0 1.0
i N 33 4 10 .5
14 .34 100 0 30 125
34 .16 200 .0 50 .0
152 .0
C = f(u,Vmp,0 for —
- VIR Yrg = {(®VTR TRr) for
reakpoin i
POl |breakpoint|y o _ _0.353|6,p = -0.092]6q = -0.004| 675 = 0.084|0pp = 0.432
0 -20 -0.3253 -0.0337 0.0039 0.0635 0.4818
0 -.3538 -.0555 -.0026 0477 .4556
20 -.3789 -.0720 -.0094 .0267 4264
120 -20 -.4091 -.0651 .0452 .1548 .6081
0 -.4561 -.1155 -.0056 .1045 5627
20 -.5027 -.1658 -.0562 0541 .5168
240 -20 -.5328 -.0933 .0527 .1985 .1829
0 -.5919 -.1532 -.0074 .1386 L7241
20 -.6510 -.2131 -.0672 .0787 .6657
360 -20 -.680% -.1289 0547 .2382 9725
0 -.7436 -.1925 -.0092 1744 .9091
20 -.8072 -.2566 -.0730 .1105 .8458
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APPENDIX D

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, e xm) of independent elements (called the
variable vector) and an m-dimensional vector F(x) = (Fl(x), C ey Fm(x)) whose ele-
ments depend on x (called the function vector), find an m-dimensional solution vector
X, Such that F(xo) = 0. The vector X, is computed by the following steps. Picka
nominal value of x1. Obtain m additional variable vectors by successively varying
only one component of x1. There is now a set of m + 1 variable vectors, that is,

x1 x2 .. xM+1  With each member of this set, associate a function vector
Fl, F2, Ce FM+1  From this set of function vectors, compute an m + 1 dimen-
sional sum vector S=(Fl.Fl F2.F¥2 .. . Fm+l. Fm+1). Use this § vector to
find
m+1 m+1
SMAX = max §; and smin _ i S;
i=1 i=1

With SMaX and SMIN there is associated in an obvious way xMaX —Fmax xmin apg

FMin  pick a value for K and solve the following linear system for an m+1—dimensional

vector q = (ql, Aoy, - - = qm+1), which is called the g-vector:
m+1
Z qj =1 (Dl)
i=1
m+1 .
qu]i - (1 - RFPD (D2)
j=1
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where 0 <K =1. Then, compute a new variable vector from

m+1 )

new _ j

Xp = }: 9% (D3)
i=1

Associated with this new variable vector will be a new function vector F™V¥ and a new

sum vector SPEW - Fnew  jf gQNEW , gMaX halye K and resolve equation (D3) for
xN€W  Continue this procedure until SN€W = §MaX  When this occurs, replace FMax
by FReW ip equation (D2). Compute a new S, S™3X and smin  Replace FmMin op
the right-hand side of equation (D2) by the new FMin, Replace x™MaX on the right-hand
side of equation (D3) by xM€W and resolve equation (D2) until F™W¥ =0 to within some
tolerance. Therefore, K is doubled up to a maximum of 1 each time SN€W s gMax
within three trials.
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TABLE II.- COCKPIT INSTRUMENT CHECK

DAC Instrument
Element Variable Voltage Name Reading

25 cos(®d) -86.54 |)Attitude direction +30°
26 sin(®) -50.04 indicator — roll
27 cos(9) -70.71 |)Attitude direction +45°
28 sin(9) -70.71 indicator — pitch
29 cos(¥) -86.58 Headine indicat 300
30 sin(¥) -50.04 |JcAading indicator *
31 h -95.11

cos(h) Altimeter 50 ft
32 sin(h) +30.90
33 cos(.h) -46.96 Rate of climb indicator 1500 ft/min
34 sin(h) +88.29
5 cos(r) ~86.58 1 pate of turn indicat 2 needle widths right

urn indicator

36 sin(r) +50.00 ¢ needle widths rig
37 os(-ay/a 41.62

cos(-ay/az) | + Bank indicator 1 ball width right
38 sm(—aY/aZ) -90.93
39 Q +64.80 Main rotor rpm indicator |323 rpm
40 Agpp +72.22 Airspeed indicator 130 knots
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TABLE III.- CONTROL DEFLECTION CHECK

Cockpit control ADC
Name Range Element Voltage Variable
Collective stick Full down to 1 0to +80 XAOS
full up
Lateral cyclic stick Full left to 2 -60 to +60 Ycs
full right
Longitudinal cyclic stick Full forward to 3 -60 to +60 Xcs
full back
Tail rotor pedals Full left to 4 -60 to +60 XtR
full right
Lateral cyclic trim dial Full left to 5 -100 to +100 | -----
full right
Longitudinal cyclic trim dial | Full left to 6 -100 to +100 | -----
full right
Tail rotor pedal trim dial Full left to 7 -100 to +100 | -----
full right
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(a) Recorder 1.

Figure 2.- Dynamic check at 148.16 km/hr (80 knots) with A,g doublet input.
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Figure 2.- Continued.
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Figure 6.- Comparison of static trim stability.
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