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I INTRODUCTION

This Report describes a systen of equations for the simulation ot  an air—

craft ’s ’r ig id body’motion in real t ime using a dig ita l computer. Known as SESAME —

a System of Equations for the Simulation of Aircraft in a Modular Environment -

it may be described as opening the door to flexible u~e of the simulator. Those

parts of the mathematical mode l which are co~~on to all aircraft , such as the

equations of motion and axis transformations, have been created as a set ot

standard modules (written in Fortran), leaving the user t o  create only .t small

group of routines specifically to describe his aircraft. The two sets ot modu l es

are then linked together to produce a complete model program.

The simulator for which SESAME has been created changed I rom pure analogui’

to hybrid computing
1 

in l~~?4. The computer system consists of .i Xerox Si gma S

di gital computer linked to an App lied Dynamics A04 analogue computer. This Report

is concerned mainly with the digital computer aspects . In the early days ot

using this new computing facility, the aircraft ’s mathematical mode l , computed

entirely dig itally, was coded using SLI , a simulation language’ for solving Set s

of ordinary differential equations. With increasing experience and increasing ly

complex simulations , the single large program imposed by the SLI language was

found to be more and more inconvenient and the decision was taken ~~~ ‘ restructure

the program into small , self—contained modules.

Such restructuring became feasible largely because a newly— cte.tted software

package , for on—line parameter variation and inspection , provided the means to

access and change , on—line , variables contained in subroutines.

Although the basic modules are themselves coded in Fortran , SLI its elt has

been retained to provide the overall framework in which the modules sit. This is

because SLI provides facilities for numerical integration and for syncltronisat ion

with real—time .

The structure of the Report is as follows . After a discussion , in section .‘,

of the objectives to be achieved by the modular nature of SESAME , section gives

a brief theoretical background to the system equations , inc l uding such topics as

choice of axes and definition of the equations of motion. This is followed in

section 4 by an outline of how the equations to be solved are distributed among

the specific routines. This is supplemented ~in Appendix A) by a detail ed defini-

tion of each routine and , as the ultimate specification for reference purposes.

by a listing of the routines (Appendix B). Section 5 then describes the ove ra l l

program structure in which the routines are embedded . Section 6 discusses Ii~w

‘ .‘ ‘~~~ 
~~ 
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coimnunication among routines is achieved using the Fortran named COMMON facility,

and how the user should adopt the same technique for his routines. Hybrid input!

output (analogue to digital and di gital to analogue conversion , and single bit

discretes) is also described in section 6 in terms of what the user receives and

must provide , while section 7 is a general “User ’s Guide”, suinmarising what the
system expects Irom the user, defining the set of routines and the data the user
must provide , and outlining the choices the user may make regarding the atmos-

phere , turbulence and other features.

The Report has been written with three principal aims: to provide primary

simulator users with a description of the standard computer model and an outline

of how to build it into a full simulation; to provide simulator customers with an

idea of how the model is formulated and what must be done to represent an indivi-

dual aircraft, so that they can, if necessary , contribute to the creation of a

complete simulation model; and to provide a general description of a computer

model for others interested in doing something similar .

2 OBJECTIVE S

Specific objectives to be achieved by the modular system of equations con-

cern size, testing, transferability , cossnunication and execution time, and are

intended to overcome detailed weaknesses of the simulation language SLI. However,

as explained later in section 5.;, SLI is retained as the appropriate language

b r  the overall program, containing the individual modules.

2.1 Size

A complete model program is large, often exceeding 20000 words of computer

storage. If coded entirely in SLI source language this means many lines of code.

The process of translating the SLI source code into Fortran and then compiling is

slow and tedious and must be repeated in its entirety whenever a change is made

at source level. The present scheme drastically cuts the size of the SLI source

L program , which in itself will speed up the translation/compilation process. In

addi tion, changes at SL I leve l will be rare , since the detail of a simulation is

relegated to a lower level of routine . The existence of subroutine s also provides

the potential ability to create overlays, in order to reduce main store occupancy.

2.2 Creation and testing

Creation and checking of modules will be easier than handling a large SLI

program since routines, such as for the genera tion of the air craf t’s aer odynami c
forc es, can be defined , created and tested in isolation before being included in 008 
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the main program . Work could proceed in parallel on several routine s, and be

done by external users of the simulator , people who are not specialists in

simulation as such.

Modifications will also be easier , since they should invo lve only revision

of a single subroutine , its comp ilation and then creation of a new load module

without having to repeat the SLI translation .

Using Fortran rather than SLI as the primary medium does not mean that all

the useful SLI facilities , such as function generation by table look—up , must be

discarded. These can still be used at the Fortran level , since each one involves

a Fortran—callable subroutine or function . However, the calling sequence will ,

in general , be more comp licated in Fortran than in SLI . SLI operators involving

integration are not usable in subroutines without considerable effort.

.~.3 Transferability

Having a modular structure means that simulation of a new aircraft requires

only the creation of the routines specific to that aircraft. The standard parts

can be picked up from libraries and special facilities , such as simulation of

guidance beams, can readily be moved from simulation to simulation in subroutine

form. With SLI the only way of transferring across an existing piece of code

is by explicit inclusion of the source lines and punching of the necessary cards .

None of the modules includes any compromising feature which limits its

employment to real—time simulation. Hence the routines described could also form

the basis for a conventional digital model of aircraft dynamics for use in non—

real—time studies.

2.4 Comunication

A defect of the SLI language is the way most of the significant variables

are lumped into one large block of labelled COMMON , the name of which is not fixed

and the contents of which can change if the SLI source code is varied.

In this new system communication of variables among all the modules is
achieved by using Fortran labelled COMMON, but under ~~t’r control. This retains

the advantage of using COMMON storage, that variables are conveniently acce ssi b le

by any subroutine without using arguments, thus saving execution time .

2.5 Execution time

The aircraft ’s motion is computed by repaatedlv integrating the differen—

tial equations. If a multi—pass integration technique is used , such as Runge—

Kut ta fourth order, there are some sections of the equations which are not part 

~~~~~~ 
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of the dynamic loop and so need only be executed once per time step. Examples

are calculation of ILS guidance and TV position signals. By having these elements

as subroutines , it is easy to arrange that they are executed only as often as

necessary and so save time for more important functions.

To date, aircraft model programs have been solved with only one basic loop

or frame. SLI does provide a means to execute one part at a different iteration

rate from another. Should circumstances arise where more than one frame time is

necessary, recasting of the model program (at SLI skeleton level) will be aided

by the simplicity of merely moving subroutine calls from one ‘derivative ’ section

to another , rather than blocks of code which would be necessary in a program

coded completely in SLI. Coumiunication between ‘derivative ’ sections is also no

problem when variables are in COMMON areas controlled by the user rather than by

the SLI translator. -

2.6 Data loggini

Access to variables for data logging purposes is easy and convenient. A

self—contained data logging routine can be written knowing that all variables

may be accessed without special action and without run—time inefficiencies.

3 SYSTEM EQUATIONS

3.1 Choice of axes

The first requirement is to choose sets of axes in which to solve the

fundamental equations of motion. In classic texts
2 4  

a set of axes fixed in the

aircraft is generally chosen but , being a rotating frame of reference, such body

axes result in the translational accelerations including angular velocity terms,

as in

X — mg sin O — m (~~+ qv — rv)

For efficient computer solution of the equations of motion, it is desirable to

uncouple translational motion from rotational motion, a point which was made many

years ago by Howe5 and reiterated recently6. This may be achieved by suitable

choice of axes. Then, since rotational motion of aircraft is intrinsically more

rapid than translational motion, solution of the rotational equations may be

performed more frequently than the translational equations without an excessive
computing load, and while maintaining overall accuracy.

Body—fixed axes still provide a natural frame for the solution of rotational 008
equa tions of motion , with the advantage of constant moments of inertia. Choice 

- - ~~~~--~~~~~~~~—
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of axes therefore reduces to selecting an appropri ate frame for the transl ati onal

equations of motion .

So—called ‘fli ght path axes’ could be a suitable choice , with the origin

at the aircraft ’s t~entre of gravity and the x axis ali gned with the aircraft ’s

velocity vector with respect to the ground . However , in the presence ot wind s

and turbulence this introduces comp lications , so that , following Ref 7 , the

choice falls on earth—based axes.

~~ Definition of axes

All axes systems used are orthogonal , right—hand ed triads.

3..~.I Earth axes

Earth axes are an inertial frame assuming a flat , non—rotating earth.

(See McFarland ’ for the case of a spherical , rotating earth .)

The ori gin is at a datum point on the visua l model * in use, typ icall y at

the runway threshold and on the centreline . The x—axis points northward

(suffix N), the y—axis points eastward (suffix F’~, the xv plane being parallel

to the earth’s surface , and the z—axis (suffix l~ points down to the centre of

the earth.

~~~~ G~~metric body axes

Geometric body axes have their origin at the aircraft ’s centre of gravity

and are located with respect to the aircraft by some geometric feature such as

the longitudinal fuselage datum line . Once defined the are fixed in the air craf t.

The x—axis points forward , the y—axis to starboard and the ~—axis ‘down’.

3.3 Aircraft attitude

Aircraft angular orientation with respect to the earth is defined
8 

by a

conventional trio of Euler angles ~
- , 8 , ~ • The heading angle ~ is measured

from north and lies in the range 0, 36O°~ the elevation angle or pitch attitud e

t’ is measured from the horizontal plane and lies in the range — ‘~O , +~~O
0

; the

roll (or bank) angle is measured from the horizontal plane and lies in the range

—18 0, +180°.

Rates of change of these angles may be related to the components of angular

velocit y of the aircraft by

08 * Outside world cues are provided by a closed—circuit T\’ system viewing a
physical model of an appropriate terrain. 
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o — q cos $ — r sin ~

• — p + (q 5j~ + r cos $) tan 
~ 

p + ; ~~~~ ( 1 )

— (q sin ~ + r cos ~) see j
and the angles themselves obtained by integration. However , a singularity occurs

at • 90
0 
. If all—attitude manoeuvring is desired , an alternative formu1.i~ ion

of equations is necessary. No provision has yet been made for multi ple rolls

or turns.

3.. Transformation from earth to body axes

Transformation of a set of variables from earth axes to body axes (or vice

versa) is most conveniently achieved through the direction cosine matrix~ ’
9
.

For example , the components of airspeed in body axes (U8, V 8, w8
) are related

to the components in earth axes (VN , VE , V
D) by

uB 
— 

~~l
V

N 
+ 

~~~~ 
~ ‘ 3~D

— m
I~ N 

+ m2\E 
+ m

3~
.
D 

(_ : )

W
B 

— 

~ I~ N 
+ + 

~3~D

where etc are the direction cosines, given by

— S 11 ~ cos ~ cos ~

— S 12  ~ cos 8 s i n ç

£
3 

— S
13 

= — sin 9

m l 
— S2~ — s in  $ sin ~ cos ~ 

— cos ~ sin ~

in
2 

— S22 — sin ~ sin 8 si n ~ + cos $ cos 
~~

- (3 )

in
3 

— S23 — sin • cos 8

— cos $ sin ~ cos c- ~ sin ~ sin ~

— S32 — cos ~ sin 8 si n ~ — sin ~ cos ~

n3 — S33 — cos ~ cos 8
008
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In matrix form, equations (2) may be written

~
U

B} 
— S.{VN} 

(4)

where 
~
u
B} 

.
~
v
N} 

are column matrices (after Hopkin ’) and S , the transform-

ation matrix , is orthogonal , its transpose S being the same as its inverse .

The inverse relationship, for earth axes variables in terms of body axis

variables , is then given by

— SflB} 
. ( 5 )

Thus, for example, the total forces (suffix T) applied in body axes (suffix X, Y,

Z) may be transformed to earth axes (suffix N, E, D) by

- .~
F

Th} 
- ST{F TX~~ (6)

which , expanded , is

FIN — s1i F1x + S21 F11 
+ S

3I
F

TZ

FIE - S 12
F
1x 

+ S,1F1~ 
+ S

31F11 (7)

FID — S
I3
FTx 

+ S23 FTY + S33F1z

Other vector components are related in the same way.

3.5 Equations of motion — translation

The components of acceleration with respect to the earth are obtained from

- F~~/m

- FTE/m (8)

- FTD/m + g

where the acceleration due to gravity, g , is assumed constant, and the forces

F
~~ 

etc in earth axes are obtained from the total forces in body axes

Fix~ 
FTy, Fiz by the equations (7).

Integration of equations (8) yields the velocity components (V~~, V~~, V~~)

of the vehicle relative to the earth . Relative to the air mass, the velocity

)8 components of the aircraft are

-
~
------ —

~
----- - -- -- - - .-.- --~--_-__- -—-.——— ---.--_ - -—-- ---— -—-..--. - .— — --~ ------ —-—-—. -—- —~—--- ----- —--- — -

~~~~
- --— . --— - - - . - - — - ---——‘—--. - .
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V
N 

- VKN 
- VWN

V
E 

= ~~~~~~~ (9)

V
D 

= VKD
_ V

WD

where V~~, V~~, V~~ are the components of the wind velocity relative to the

ground.

The body—axes components of the velocity vector relative to the air may

then be derived using equations (2) and (9), from which the velocity (or True

Airspeed, TAS) is

2 2 2’~VT - (
~ 

+ VB + W
B) 

(10)

and equivalent airspeed is derived using the atmospheric density ratio

V = V~a~ . ( II )

Ang les of attack and sideslip are computed from ’°
= tan

3 
wB

/U
B 

( 1 2)

(ct being in the range —180 , +180°) and

8 tan
1 v
B/(UB 

+ (‘3)

(8 being in the range —90, +900 and taking the sign of V
B ~

Derivatives of these angles with respect to time, needed to calculate the

aerodynamic forces and moments, are created by simple difference equations.

Flight path angles defining climb (y) and track (x) are derived from the

velocity vector components relative to the ground , having first obtained the

ground speed (V
K) as the horizontal component

V
K 

= (v~ + (14)

y - tan ’(— VgJJVK) 
(15)

x — tan (v~~ v~~) 
. (16)

Positional coordinates x, y, h of the aircraft’s centre of gravity are

found by integrating the velocities 008

L. -~~~~-~~~~~~~~~~~----- - -- --~~- - -—--.~~~~~~ -- - -  _ _  
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= 1
= 

~KE (17)

h = 

~KD

A block diagram of the t r a n s l a t i o n  equat ions  is i l l u s t r a t e d  in Fi g 1.

3.6 Equations of motion — ro ta t ion

It is assumed that the x and z bod y axes lie in a plane of mass symmetry

• so that products of inertia I and I are zero. Then the classical equa—
4 yz x y

tions (Hopkin , section 10.3) may be manipulated to give

= L + —~~~
-
~~~ N ~• Vzx 

~~~~ 
+ — I)] ~~

2 2

+ [(l y

1 2 2 (18)
4 = + — p ) + (I — I )rpj

/ 

I

i2
=

or 

+ [
~ 

~~
- Ix 

+ ly 
- l)]~ r~

/

~I (1 
-

CI 1
L + CI

2
N + (C1

3
p + C14 r ) q

4 CI 5M + C1
6

(r 2 - p
2) + CI

7
rp (39)

CI8
N + CI

2
L + (C1

9
p + C1

10
r)q

where Cl 1 etc are constants evaluated during initialisation.
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CI — i I (i i —

I x z zx

CI — I I l — I2 zx,\ X Z ZX

CI — i — I  +~~\/ (~~ 
_~~~ 2

3 Z X\ X  y Z / 1 \ X Z  Z X

CI — (1 (1 _ I ) _ 1 2 \/(I I _~~~ 2 \
4 Z y Z X Z Z X/

Cl
5 

—

a (20 )
CI — I 11
6 zx, y

— (i — t \ I t
7 t~z x, q y

CI — i I —

8 x1~~x z  zx

Cl — (I (I — I ) + i2 \!(~ I —

9 x x y 
Z X/ 1 \  

X Z ZX

CI - — I30 zx~~x y Z f l \X  2

No terms are included in these equations (18) and (19) to allow for engine

• gyroscopie effects , but rhey could easily be added by the user when he provides

the total moments L, M, N • It would also be straightforward to extend the

equations to allow for a non—synmietric mass distribution .

Solution of the equations of rotational motion therefore consists in cal-

culating the angular acceleration components from equations (~~) given the total
moments t , M , N ; integrating to obtain angular velocity components; transforming,

using equations (I), to attitude rates; integrating again to attitude angles and
calculating the direction cosines according to equations (3). This total process

is illustrated in Fig 2.

3.7 Centre of gravity location

An aircraft’s centre of gravity location is usually defined , in a fore—and—
aft sense , in terms of a reference length such as the mean chord ~ . Thus if

the centre of gravity is quoted as being at 0.l~~, then it is 102 of the reference

chord aft of the origin, This convention is in a direction contrary to the normal

positive sense of x, but will be retained here. The vertical location of the

-
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Is

centre of gravity, however, is defined as being measured in the positive z

direction (ie downwards) from some origin.

Aerodynamic moment data may often be quoted relative to some reference

centre of gravity position , so that for an actual operational centre of gravity

position, some correction is necessary. This is provided for as follows. If

the moment reference position of the centre of gravity is Xcgref~ 
Zcg ref and

the actual centre of gravity position is XCg~ 
Z
cg 

all defined as fractions

of some reference length e then the differences are calculated asref

- x - xcg cg cg ref

(21)
t~z — z — z
cg cg cgre f

Then differences are then available to correct aerodynamic moments to the current

centre of gravity position.

3.8 Pilot position and positional rates

Given the coordinates x, y, h of the aircraft ’s centre of gravity, the

pilot’s position, needed to drive outside world displays , is obtained from

— x + (x cos 0 + z sin 8) cos ~piV pcg pcg

~TV — y + (Xpcg 
cos 0 + Zpcg 

sin 8) sin 
~ 

(22)

h — h + ( x  s i n 0 — z  cos O)TV pcg peg

where x — x +~~~~~~ c
peg p cg ref

(23)
a — z —~~z C
peg p cg ref

and x , z are the ooordinates of the pilot ’s eye point , assumed to be on the

aircraft centre line, and defined relative to the reference centre of gravity

position.

If we put

R — x c o s 0 + z  sin Oxp peg peg 
(24)

R. — x sin 0 — z cos 0
)08 np peg peg

then
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XTV — X — R xp~ ~ ~~~ 
1•) — 

~hp 
‘-‘ L OS  

~ 1
— y + R~~ cos ~ 

— 
~ sin ‘. p

11 •. h + R  u .
TV xp J

~~ Accelerations in body axes

Linear accelerations at the aircraft ’s centre of gravity, at the pil ot ’s

he.td and elsewhere ( . . - for accelerometers ) are needed.

Re~erred to body axes , the components (in units of g~ of the aci-eleration

of the aircraft ’s cdnue of gravit y are

a — F /Wxcg TX

a — I , /W >yc~

a - F 1w
zcg TZ

These are referred to as the ‘specific ’ accelerations and are the accelera-

tion components that would be measured by a set of orthogonal , body—fixed ,

h-~- elerometers ali gned with the body axes and located at the centre o l  gravity of

th e aircraft. ‘Absolute ’ accelerations , including the gravity components , are

then

a = a — sin 8 — a + S
xacg xcg xcg 1 3

a — a + sin ~ cos ~ a + S
yacg yeg ycg ~3

a — a + cos ~ cos t! — a + S
zacg zcg zcg 33

It should be remembered that a is not equal to ~i because the body
xacg b

.ixis system is rotating , as explained in any text , such as Etkin , Chapter -~~.

At an a r b i t r a r y  locat ion L (X L ,y , . 
~ 

, th~ ~-omponent s of ~~pee ii i~’

,~~cele rat ion are

X 
- ‘xcg 

— 
[x
~ (q

2 
+ r )  - - ~) - z1

(pr +

+ ~~~~~ + — + r~) + z~ (~ r — 
~~)] /g 

) (27)

- ~~~~ + [x L Pr — 4) + y~~(qr + - Z
~~~(~~ 

+ q
~~]/g .j
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The indication of an accelerometer or a ‘g’ meter may then be derived from

equations (27) given the location of the device . Similarly the linear accelera-

tion components at the pilot ’s station (x , z~) may be derived for use in

driving motion systems. Further details of the accelerations , computed are given

in the description of the SACCBOD routine in Appendix A.

3.30 Wind, wind shear and turbulence

W~~d

A datum mean wind is defined in speed and direction by V
~~TO 

and

from which the components in earth axes are obtained as

V
~~LO - _V

~~TO cos
(28)

V
~~ Lo - _V

~~TO sin

bearing in mind the convention that when is zero, the wind is from the north.

The vertical component of mean wind , V
~~LO , is normally assumed to be zero.

Wind shear

Wind shear is obtained as a multiply ing factor f according to altitude ,

and the wind components at height are then

V
~~L 

= fV
~~LO 1

(29)
— fV

~~ LO .j
This shear is effective only in magnitude , not in direction. Three choices are

available: no shear (f — 1.0), logarithmic profile and linear profile. The

initialisation process allows for actual wind at the initial height and sets up

the aircraft ’s track to give a desired initial heading.

Turbulence

Turbulence in three orthogonal directions can be added to the components

of the mean wind to give total wind components. Gust velocity components

UG, VG, WG are calculated by a new technique 12
, based on the Statistical Discrete

Gust theory of J.G. Jones13 , which allows the intermittent character of the gener-

ated turbulence to be controlled. Scaled components of turbulence uT, V..~., WT
are obtained by

08
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1

V
T 

— V
5j g

V~

- W~~j g
W~;

where u , v • , w . are destred root—mean—square 1ntens~ ttes. These turbu—stg sig s~ g
lence components are considered to be along the wind , across the wind and verti —

so that the total fluctuating wind components , in earth axes , are

— 

~WNL 
(U

T 
cos — V

T ~~~~~

V~~ — 

~WEL (V .1~ ~~OS + 

~
‘T ~~ (i’)

V
W[) 

- 
~WDL W

T

1 .11 Properties of the atmosphere

The properties of the ICAO Internationa l Standard Atmosphere~~ are calcu-

lated up to a maximum height 0! 656)6 ft b~’ the routine SAT!’IOS (see descri pt ion

of SVELOC2 in Appendix A). Given altitude , it returns the densit y ratio , speed

of sound ratio , temperature ratio and pressure ratio for a standard da~’. A

routine ATMOS is also available for hot days but this is not integrated into

SESA1€. Strictly the altitude input should be ‘geopotential’ but below 656 16 ft

it is adequate to treat geometric and geopotential altitude as interchangeable .

The user may optionally choose to use constant atmospheric properties (as

in many classical studies) or else allow standard variation with altitude . A

software flag KISA controls this option.

TECHNICAL IMPLEMENTATION

Section 3 has defined a set of equations which compose the standard processes

of any aircraft simulation . These equations are distributed among a series of

modules for solution by digital computer. This section briefly describes the

routines and their functions. Full details of each routine are given in Appendix

A and listings are given in Appendix B. In general , system routines have names

beginning with S • The routines fall into four categories:

Initialisation — SINIT, SYSCOM

Rotational motion — SDCOS, SEUL ER , SACCROT

Translational motion — SVELOC I , SALFBET, SACCL IN , SPATH , SVFI.0C2

Utility functions — STy, SILS, SWIND , SACCBOD , SATMOS, SCOUNT
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All the subroutines described in this Report are coded in Fortran. The

particular dialect used is Xerox Extended Fortran IV , designed for the Xerox

Sigma range of computers. It was not intended to use onl y those features of

the language embodied in Standard Fortran IV and a few non—standard features have

in fac t been used. These include

variable names of up to 8 characters ,

initialisation of CO1*ION variables within subroutines ,

use of the NAMELIST feature (in SYSCOM only).

Conversion of the subroutine s to run on another computer should , however , pose

few problems .

4. 1 Initialisation

Two routines (SINIT, SYSCOM) are specifically concerned with performing

certain start—up, or initialisation , functions. Other initialisation functions

may be performed internally in the othe r routines .

SINIT calculates various aircraft related constants , sets up initial height ,

derive s initial values of atmospheric properties and initia lises speeds and

attit udes allowing for wind .

SYSCOM sets up communication with system variables by creating a NAME! 1ST

table and reads ‘semi—permanent ’ data changes from a file.

Execution of most routines during an initialisation pass is organised

intrinsically by the SLI model program (see section 5.2). Many routines may

need to perform preliminary calculations. If their nature is such that they

must be performed once only (otherwise errors will result) then a local flag must

be created and the routine structured as in Fig 3a, with the fl ag set ‘off’ on

ent ry (eg by a DATA statement). However, if there are no reasons why initial

calculations should not be performed more than once there is a standard flag

available in the system COI*ION, JJCOMP, which takes the value 0 until the

‘compute’ button is pressed , and thereafter is 1 • In this case the structure

in Fig 3b can be used.

4.2 Rotational motion

A diagram of the information flow is shown in Fig 4. Rotational motion is

calc ulated firs t , principally to provide the direction cosines required by the

translational motion .
)08 
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SACCROT calculates the three components of angular acceleration , in body
axes, using equations ~l9), given total moments (supplied by the user) and inertia

constants , equations (20), (calculated by SINIT).

SEULER calculates the rate of change of body attitude angles from the

angular velocity components , using equations (U.

SDCOS calculates the nine direction cosines S31 etc from the three

attitude angles ~~~, 0, ~ using equations (3).

-~..3 Translational motion

A diagram of the information flow is shown in Fig 5.

SVELOC I derives components of velocity, relative to the air , in earth axes

using equations (9) and transforms to body axes, using equations (2).

SALFBET takes the body axes velocity components and calculates a, 6, ~~~, ~

using equations (12) and (13).

SACCLIN transforms total force components in body frame to inertial (earth)
frame , using equations (7), then calculates the translational acceleration using

equations (8). It may sometimes be desirable to separate the vertical from the

two horizontal components so that vertical motion can be solved more frequently

for better simulation of undercarriage dynamics.

SPATH calculates f l i ght path angles from velocities in earth axes, using

equations ( 3 5) and (16).

SVELOC2 calculates resultant airspeed , dynamic pressure, Mach number etc ,
using SATIIOS for atmospheric properties . Some features are at present only valid

for Mach number less than 1.0, as indicated in the routine .

4.4 Utility functions

Fig 6 shows the flow of information among the utilit y routines , all of which

have something to do with the simulation environment, vi sual d isp lay,  motion
cues, wind etc.

STV calculates , from equations (22) to (25), positions and velocities to

drive the TV visual system, and also handles the log ic of belt positioning.

SILS calculates one or two segment ILS guidan e beams.

SWIND controls the generation of turbulence and adds it t o  wind , mod ified
by shear effects (if any).
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SACCBOD calculates accelerations in body axes of the aircraft centre of

gravity, from equations (26), and pilot station , accelerometers etc , t rom

equations (27).

SATMOS calculates the properties (in ratio form) of the ICAO international

standard atmosphere. It is an existing library subroutine and is not otherwise

described in this Report.

A furthe r utility routine , SCOIJNT, not included in Fig 6, has nothing to do

with the simulation of aircraft , but assists in the management of the calculation

process , by setting an ‘initialisation complete ’ flag, by keeping track of the

sub—steps (if any) of the integration routine , and by picking up the current run

number from the data logging system .

-~.5 Units

With Aeronautics still retaining the use of such units as knots , it is

d i f f i c u l t  at present to make a wholehearted conversion to SI units . However ,

the equations set up are self—consistent so tha t a force in newtons acting on

a mass in kilograms will produce an acceleration in m ’s and likewise , a

force in pounds and mass in slugs will yield ft/s . The routines as set up are

intrinsically in the feet , pound , second system but alteration of a few conver-

sion constants (gravity, etc) and datum values (air densit y , etc), would enable

the whole system to work in SI units.

5 OVERALL PROGRAM STRUCTURE

5. I Introduction

The program which provides the general framework for all the system routine s

is written in the simulation language SLI

The basic structure (Fig 7) consists of an INITiAL region, for start—up

calculations , a DYNAMIC region and a TERMINAL region. (The TERMINAL region,

however , has no relevance to real—time simulation.) This is a common form for

continuous system simulation languages, like SLI or CSMP. The DYNAMIC region

contains one or more DERIVATIVE sections. These DERIVATIVE sections , each of

which can have its own integration algorithm and step size , contain the routines

which are the core of a simulation . During real—time operation , the code gener-

ated from each DERIVATIVE section is executed repetitively to produce the desired

solution as a function of time . A listing of an aircraft simulation program with

)08 one DERIVATIVE sec t ion, or loop , is g iven in Appendix C, and corresponding f l ow

charts of the execution sequence are shown in Fig 8. The reason for using SLI

,

~
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is that two major facilities are provided by the language. These are synchronisa-

ti on with real—time and a centralised integration scheme with a choice of five

algorithms . Further details are contained in the Reference Nanuals
1
~ ~ and in

Re f 1.

The SLI program is translated into a series of Fortran modules. Communi-

cation is organised using Fortran labelled COMMON. To permit system COMMON to

handle the main variables , however , some duplication of variables is necessary

in order for SESAME routine s to communicate with the integration operators.

This duplication is arranged through PROCEDURAL blocks , with the subterfuge

that oni those variables to be exchanged with the integration processes are con—

tam ed in the argument list. Other variables thu s remain invisible to the SLI

translator and so may be placed in system COMMON. If they were visible to the

SLI translator they would be placed in a separate COMMON area , no longer under

control of the user.

For example , a PROCEDURAL blo ck

PROCEDURAL (—VV )

v - VV

END

p icks up VV from the SLI labelled COMMON and places its value in V • In the

opposite direction

PROCEDURAL ( VVDOT-)

VVDOT - VDOT

END

transfers VDOT to VVDOT , for use in the integration statement

VV - INTEG (VVDOT , VVIC).

5.2 Initialisation

In the normal course of events, the code generated by the SLI translator

causes the DERIVATIVE section(s) to be executed just once at the end of INITIAL

to calculate the initial values of all the derivatives. This has been augmented

by explicit code (see near the ‘END’ of the INITIAL region in the SLI listing in

Appendix C) to force these calculations to be done twice . This is necessary

because routines at the end of the sequence (such as SVELOC2) produce variables ,

such as dynamic pressure , needed early on. Once the whole system is running,

there is no problem. This slight idiosyncracy needs to be remembered by the

user. The other important point about initialisation is that at the start of a 008

new run, a f res h  copy of the program is loaded into main store from a disc file,
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so all parameter values are restored to their datum values. However , the
‘retained changes’ facility (see section 7.7) permits revised parameter values

to be retained from run to run.

5.3 PVIOO — operator dialogue

A set of programs and routines, collectively known as the parameter varia-

tion package, exists to enable the user to interact on—line with the parameters

of the simulation. The principal item is PV I OO, the operator dialogue routine ,

which provides a wider range of facilities than the ‘interpreter’ inherent in

SLI. PVIOO enables the user, on—line and during any phase of a simulation flight,

to access, display and amend any variable within the scope of the model program

and its subroutine s. Variables may be referred to by name (the principal

function of routines SYSCOM and USERCOM is to provide tables of names for use by

PV IOO) , and in addition the contents of any memory location may also be displayed.
A display may be in alternative styles , eg binary, hexadecimal , integer or ‘real ’

format. Selected changes may be ‘retained’ to operate for subsequent runs,

otherwise the change vanishes at the end of the current run. A readable memory

dump may be printed , such as all the parameters in system COMMON. There is also

a facility for forcing an ‘automatic hold ’ or freeze if a variable falls within
defined limits. A description of the full facilities is given elsewhere

17
.

During initialisation there are four explicit calls to PVIOO inserted at

strategic points in the INITIAL region, as can be seen by inspection of the SLI

listing in Appendix C. These calls to PV 1 00 are only executed if a switch (Desk

Switch 1) on the simulator control desk is set on. These individual calls to

PVIOO may be identified by reference to the indicator ITP, as follows.

IT? I After initial conditions or retained changes have been
input, but before SINIT. Enables IC values to be altered ,
and other changes to be inserted before the main initialisa-
tion calculations of SINIT. In par ticular , if the frame time
is to be altered , it should be done here, using FRANET 1 , DELT I
for Loop I and similar variables for Loop 2 (if present).

ITP — 2 After SINIT but before the integrator IC values are actually
set up.

ITP — 3 At end of INITIAL but before analogue to digital converter
(ADC) read and DERIVATIVE section(s) initialised.

ITP — 4 After DERIVATIVE section(s) initialised and ADC read. DAC
values are calculated but not yet set.
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COMMUNICAT ION

h .I I n t roduc t ion

Communication among all the routines which comprise the aircraft model

program is achieved by Fortran labelled COMMON. Labelled COMMON desi gnates a

block of contiguous memory locations which may be accessed by any subroutine in

which the COMMON block is declared. This technique provides flexibilit y and also

avoid s the tine penalty associated with using arguments in subroutine calls.

Two large blocks of labelled COMMON are emp loyed. One , name d SYSTEM , is an

inherent part of the standard subroutines and contains all the state variables

and other parameters common to any aircraft simulation . This is of fixed size

and has its variables in predefined locations . The other, named USER , is set up,

in terms of size and content , by the user to handle variables specific to his

particular simulation , cj  the aerodynamic force coefficients , engine forces etc.

~
‘ .2  System COMMON

This is defined as

COMMON / SYSTEM / A ( I 0 0 0 ) ,  L(400 )

where the array A contains real variables and L contains integer variables.

An index to all the var iables , in numerical and alphabetical order , is provided
in Appendices D and E.

If the user wishes to pick up the current value of ang le of attack (say)

he needs to include in his routine

COMMON / SYSTEM / A ( I 0 0 0 ) , L(4 00)

EQU IVALENCE (ALFAD , A ( 1 1 2 ) )

and then ALFAD can be used freely in his routine . System variables must ‘~~~~~ be

altered by the user. -

6.3 User COMMON

This is defined for example as

COMMON / USER / B(I000), M ( I O O )

where the array B is for real variables and M for integer variables . Names

and sizes of these arrays are defined by the user, but the COMMON name USER must

be employed. Sizes should be kept as small as possible , in order to avoid

sterilising areas of core unnecessarily. However, if the size is too small , the

user will have to increase it frequently, with consequent work updating ~~
routines in which the COMMON statement appears. 008 



The user w i l l  choose his  own variable names and allocate space in the

COMMON arrays. This will normally be done by EQU IVALENCE techniques , for flexi-

bility. (Routines could , in fact , be created and checked in the first p lace

without considering inter—routine communication.)

6.-. Documentation aids

A utility program has been created , called CO>IMLIST, to assist the user in

keep ing track of his variable names and locations. As he creates a variable , the

user punche s a card defining the variable name , its meaning and the routine in

which it is calculated. This is similar to a scheme described by Bean~
8
. The

program COMMLIST can then produce an index of names in alphabetical order , of

locations in numerical order or of names according to the routine in which they

are created or used. A brief guide to the program COMMLIST is given in Appendix F.

The lists in Appendices D and E, G and H have been produced by this program.

6.5 Access to variables at run—time

In order to be able to access his variables at run—time , to inspect and

change values via PV I OO 
17 

, the user must create a NAMELIST table of his variable

names. This is achieved in the routine USERCOM , which must be written by the

user. The bulk of this routine will be COMMON (or EQUIVALENCE) statements , refer-

encing the variables by name. Its st’ucture will be identical to the routine

SYSCOM which does the same job for system variables. A listing of SYSCOM is

included in Appendix B.

6.6 Hybrid input/output (ADC, DAC)

6.6. 1 Introduction

Hybrid input/output , that is analogue to digital conversion (ADC ) and

di gital to analogue conversion (DAC), is integrated into SESAME so that the user

merely has to define entries in a set of tables incorporated in system COMMON.

Conversion arid scaling then occurs automatically. The general form of conver-

sIon required is of the form

y = ax + b

where a is a scale factor and b is a bias. For ADC, x would be a scaled

val ue and y a val ue in ‘engineering ’ units whereas, for DAC, x would be in

engineering units and y a value scaled appropriately for output. The present

implementation does not include any bias.

008
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Data transfer in both directions employs a special piece of hardware known

as the DMSI2 (Direct Memory Sub System) which is a processor capable of operating

in parallel with the computer’s central processor. Use of this device provides

for an element of parallel operation which is exploited in the software to save

execution time.

Overall, the software scheme offers the user convenience — because he only

has to set up data tables; flexibility — because the tables can be changed on

line ; and speed — because the hardware is fully exploited. The operating routines,

coded in assembler, are not described in this Report.

6.6.2 Analogue to digital conversion

Analogue to digital conversion, and scaling, are executed prior to entry

into the Derivative Section of the SLI model program, where the dynamic equations

are solved. The main scaling calculation performed is of the form

YADC(I) = ADC (NADC(I)) * AADC (I)

where ADC is the array of raw converted values, nominally in the range ±1.0,

held in the SLI labelled COMMON Z99999.

NADC is the array of ADC channel numbers

AADC is the array of scaling factors, set up by the user

YADC is the array of input values in engineering units (degrees etc)

ready for use.

All 32 channels are read in raw form into the array ADC , but scaling and

transfer to YADC stops when the first zero element in NADC is reached. Because

of the parallel nature of the hardware (DMSI2 , mentioned above) scaling is begun

as soon as the first raw converted value is available. Conversion of further

channels then proceeds concurrently with scaling. To avoid the danger of scaling

a channel before it has been converted, it is important, therefore, that ADC

channels are kept in numeric order and are used, as far as possible, without large

gaps. For example, to use channels 1 , 3, 7, 9 is better than 1 , 17 , 24, 30. To

use 1 , 2, 3, 4 is best of all. Thus, for simplicity , NADC(I) = I.

The data structure being in table form allows considerable operational

flexibility. For example, in the event of failure of ADC channel 2, the variable
being input on this channel can be redirected to channel 9 (say) simply by
repatching on the analogue computer and by changing the contents of NADC(2) from

2 to 9 via the keyboard. The scaling AADC(2) would not need to be altered. The 008
necessary changes can all be achieved on—line and no program changes are necessary.

However , the warning of the previous paragraph should not be overlooked.

—~~-—llli
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At present 32 ADC channels are available and supported by software .

Prevision has been made for enlargement , however, by reserving 64 contiguous

locations for each of the arrays AADC, YADC , NADC in the COMMON storage area.’

The SLI model program inc ludes in Its source code (Appendix C) a sequence

of the form

PROCEDURAL (=AOC (1))

END

in order to ensure that the key driving routine Z9991 is called. No special code

has to be created by the user.

The user does , of course , wish to use the result of the conversion and

scaling processes, as held in YADC. To do so he may either use an element of

YADC directly, as in the following example H

CL = CLETA*YADC(7) + 

or may give the element of YADC his own names via the usual EQUIVALENCE declara—

tions Viz

DIMENSION YADC(32)

EQUIVALENCE (YADC ( 1 ), A(4O 1 ))
EQUIVALENCE (ETAD , YAD C(7) )

and then

CL - CLETA * ETAD + 

To make his variable names accessible via PV I OO, the user could include them in

subroutine USERCOM.

6.6.3 Digital to analogue conversion

Digital to analogue conversion occurs once per frame, after the main inte-

gration ioop. The DAC software scales output variables to be in the settable

range for DACs and DCUS (otherwise known as vari—DACs).

In principle , the same calculation technique is adopted as for ADC, The

special difficulty for variables to be output to DACs is that they must be

selected from any location in the system or user COMMON arrays (A or B) and must

be routed either to proper , four—quadrant DACs (the first 32) or to two—quadrant

vari—DACs (the next 16). An additional requirement is that it should be possible

to set DACs from either of two loops. (This description refers for completeness

to two ioops. For the moment , however , only Loop I is operational.)

To achieve these ob jectives , data for four arrays must be defined by the

008 user. 
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ADAC array of scaling factors. A variable in eng ineering units is
multi plied by the scaling factor in the appropriate element to
give a result in the desired range (nominally ±1.0).

NADC is the array of pointers defining which variables are to be con-
verted. The pointers may refer to the ‘A’ or ‘B’ arrays in any
sequence. Distinction between the source arrays is controlled by
arrays LIDAC , L2DAC below.

LIDAC defines the source of data for each channel to be converted in
Loop 1.

L2DAC defines the source of data for each channel to be converted in
Loop 2. Each element of LIDAC , L2DAC can take the value 0, 1 or 2:
I means that the data for scaling is to be taken from array A and
2 that it comes from array B. If 0 is set , no scaling is performed.

As an example, if NDAC(6) = 112 , L1DAC(6) = 1 , ADAC(6) = 0.1 then DAC

channe l 6 is to be used to output , at the end of Loop I , variable A( 112), ft~ ALFAD ,

angle of attack in degrees , scaled to ±10.0.

This structure provides flexibility by enabling changes to be introduced

on—line . For example , by changing NDAC(6) from 11 2 to 241 (say), and chang ing

the scaling ADAC(6) to suit , a different variable from the same array can be out-

put on a given DAC. The source array (A or B) can also be easily changed , via

LIDAC .

Operational considerations

(1) Of the 48 DAC channels available , the first 32 are true DACs, while

the rest are only two—quadrant devices. The user needs to remember this

when allocating channels, so that 33—48 are only used for variables which

do not change sign, eg airspeed . Provision has been made for expansion to

64 channels by reserving extra space for ADAC, NDAC in the COMMON area.

(2) For those DAC channels not used , the corresponding elements of ADAC

should be set to zero.

(3) A set of default hardware addresses associated with channe l numbers

is defined in the table IDACAD. DAC addresses can be reassigned during

initialisation.

(4) Timing tests have given the following results:

Convert and scale 32 ADC channels 1.2 ms

Scale and convert 48 DAC channels 3.8 ins

A ll channels are conver ted , but only those specified are s~aled and stored , 008

so that time can be saved if fewer channels are needed.
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6.6.4 User summary of system COMMON relevant to ADC/DAC

A 301 364 401 464 501 564 1[ I AADC 64 1 YADC 64 1 ADAC 64~~
J

A System COMMON array (real)

AADC* Array of scaling factors for ADC

YADC Array of converted variables

ADAC* Array of scaling factors for DAC

L II 
— 

74 82 144 305 352 353 400

I NDAC 64 1 NADC 64 1 LIDAC 48 1 L2DAC 48

L System COMMON array (integer)

NDAC* Array of pointers defining variables in ‘A’ array and
user ’s ‘B’ array to be converted

NADC* Array of ADC channel numbers

LIDAC * Array of DAC source pointers for Loop I

L2DAC* Array of DAC source pointers for Loop 2

6.7 Hybrid input/output (discretes)

6.7. 1 Introduction

Discretes are single—bit logic lines enabling on/off information to be

communicated into and out of the computer. These lines are read and set auto-

matically and so are conveniently available to the user.

6.7.2 Summary of lines available

A number of lines are available in each direction

• (a) between the digital computer (Sigma 8) and the analogue computer (AD4)

and

(b) between the digital computer and other external hardware, such as the

simulator cockpits and the control desk. The numbers and types are sum--

marised in the table below , togetherwith the relevant driving routine .

008 
* These items must have values supplied by the user. It is recommended that , for

convenience, all such da ta be loca ted in one rout ine , such as OUTSR, or a self—
contained ‘information ’ routine . 
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Locat~~~ Number 
Directjo 

Subroutj~

(I) AD4 sense ‘~ nes AD4 logic patch panel 16 To Sigma 8 READSLR

(2) AD4 control 1
~ nes 

~~4 logic patch panel 16 From Sigma 8 SETCLR

(3) Patchable sense Rack N logic patch 
32 To Sigma 8

1
~ nes 

panel 

~ READsc~

(4) Desk SWitches 
Bay 5 of control desk 32 To Sigma 8 ~

(5) Relay change 0~~~5 Rack N logic patch 
32 From Sigma 8 SETDSCR

panel
The driver routines READSLR etc are themselves executed by one of two supe rvisor

routines DSCRTI and DSCRT2 DSCRT2 is only relevant If the model progr~~ is

structured to have two Iteratj0~ l Oops~6 • 7 • ~

CON1.ION System , Viz

Discrete inform
~t~ to be input or Output is co

~~uflicat d Via the labelledCO
~~oN/SySTEM, 

L(400)The basic routines which handle the hardware are called imPlicitly and

convert from bit patterns in 32—bit words to arrays of integers as defined below.

Each integer can take the value 0 or l~ Thus no coding or decoding (Packing or

Unpacking) of bits is necessary by the user.The layout of the relevant par ts of L is

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

where ISLR (,6) 
~5 the AD4 sense 1ine array, ISLR (I) 

corresponding to DCSOO

on the AD4 patch panel (remember the AIM is marked in octal!)

ICLR(,6) is the Ab4 control 1ine array ICLR(j) 
corresponding to DGCOO

on the AD4 pa!-ch panelIP(32) is the array of patchable sense linesIDS(32) is the array of desk SwitchesICO(32) is the array of relay change_0~~~5IAD 4sL, IAD4CL IDSCFL, IPCOFL are flags , defined in detail in
sectjo~ 7.4•~ below, WhIch Control in which iteration loop, if

any, the discretes routines are executed 

008



All these names are defined in SYSCOM, to be accessible by PV I OO. For the

user to obtain access to ISLR(3), for example, he will include in his routine

COMMON/SYSTEM/A(I 000), L(400)
and either EQUIVALENCE (ISLR(1), L( 1 5 1 ))

- DIMENSION ISLR( 1 6)

or EQUIVALENCE (ISLR(3), L(153))

The former ismore general. Discrete information is then available for use in such

constructs as

IF ( I S L R ( 3 ) . E Q .1)  CALL XYZ

6.7.4 Dedicated functions

Some of these discrete lines are dedicated to certain functions within

SESAME , as summarised in the following list.

Line Purpose Routine

ISLR(4) Slew forward STV

ISLR(5) Slew back STV

ICLR( 16) TV Desync STV

IDS(1) PV IOO select SLI

IDS(5) TV cycle STV

IDS(6) X TV reset STV

IDS(7) Y TV reset STV

IDS(8) Turbulence SWIND

7 USER ’ S GUIDE

7 . 1 What the system expects from the user

The user is required to provide the three components of total force (FTX,

FTY, FTZ) and the three components of total moment (XLLTOT , XMMTOT , XNNTOT), all
in body axes. Thereafter the appropriate integrations, resolutions etc occur,

with the system providing back to the user all the state variables from which the

forces etc are generated. Various constants must also be provided. These are

described in section 7.3.

7.2 Typical user routines

The user is required to create the following set of routines, which may

perform some or all of the tasks indicated.

)08 
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‘Input ’

CONTROLS takes the raw contro l inputs from the pilot , applies any non-
li near gearings, computes autostabiliser contributions and
finishes up with the total control surface deflections , for
use by the aerodynamics routines. It may also organise the
computation of engine performance, inc luding dynamics , and
total thrust , momentum drag etc.

‘Calculation loop ’

TOTF computes aerodynamic force coefficients etc , finishing up
with three components of total force from all sources.

TOTM computes aerodynamic moment coefficients etc , finishing up
with three components of total moment from all sources.

‘Output’

OUTSR computes miscellaneous functions, eg scalings of non—linear
instruments, navigation and guidance and handles data logging.

‘Initial ’

USERCOM contains the names of all the variables the user may wish to
access via PVIOO , and also reads semi—permanent data changes
from a file.

* These routines are actually called at SLI level. All are executed in
a DERIVATIVE section, except USERCOM, which is executed in INITIAL.

* All these routines are likely to be umbrella routines, in the sense
that they are likely merely to organise the calling of other , more
de tailed, routines. For example, TOTF may call a routine to compute
all ground reactions, tyre forces etc.

* Ideally, TOTF and TOTM should be kept separate, so that they can, if
necessary , be executed in different loops at different frame hines.

* Routines in the calculation loop may be executed up to four t imes per
frame, depending on the integration technique employed , .~~ ; Trapezoidal ,
Runge—Kutta fourth order. All other routines are only executed once
per frame (see section 5.4).

* Each routine should, as far as possible , contain its own constants.

* The method for communication of variables other than by lengthy
argument lists has been described in section 6.

7.3 Data the user must provide

In addition to the primary forces and moments (FTX, XLLTOT, etc) and initial
values (section 7.5), the user must provide values for a number of constants and

parameters. These fall into such categories as basic data , hybrid input/output

and external environment. They are described briefly below and listed in full

in Appendices G and H. Typically the values will be provided by DATA statements

_ _ _ _ _ _ _ _  _ J
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in appropriate subroutines (eg TOm, TOTF), unless default values are already

provided , in which case new values should be provided in the SYSCHNC file

(section 7.7). Zero values should be set up if the parameter is not relevant.

A ircr af t basic data
Moments of iner tia XIX, XIY , XIZ, XIZX
Centre of gravity XCGREF, ZCCREF, iCC

Span, wing area etc SPAN, SWREF, STAlL , XLTAIL , CREF

Pilot location XP, ZP

Coordinates of slip ball XI , Y l , ZI
Coordinates of g meter X2, Y2 , Z2

Coordinates of accelerometer (AX3) X3 , Y3 , Z3

Coordinates of accelerometer (AY4) X4, Y4 , Z4
Coordinates of accelerometer (AZ5) X5, Y5 , Z5

Timing
Frame time FRAMETI, FRAMET2

Step size DELT I, DELT2

Hybrid input/output

Scaling factors for analogue to AADC , ADAC
di gital conversion etc , (for full LInAC , L2DAC, NDAC , NADC
details refer to section 6.6)

Output discretes (see section 6.7) ICLR, ICO

External environment

Turbulence m s  USIG , VSIG , WSIG

Turbulence charac ter NC, SFR.ACG, SRDECAY

Ship speed VSHIPKT

Additional integer parameters which can take one of several specific values and

thereby select alternative functions are described in the next section.

7.4 Options available

A number of choices may be made by software flags or hardware switches.

These are su~mnarised below, with default values where relevant.

7 . 4 .1  Software flags

(a) Variation of atmospheric properties

KISA default 0 set in SINIT

O constant sea level conditions at all times
008 I standard atmosphere as function of current height

—I constant properties appropriate to initial height (HIC). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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FOR KISA 1 , SATMOS is called within SVELOC2 to calculate the new proper-
ties. Otherwise, constant values are set up within SINIT.

(b) Selection of constants for TV belt in use

NTVB no default

I 700:1 model

2 2000:1 model

3 5000:1 model

(c) ILS on/off
LSILS no default

0 ILS of f

ILS on

(d) Type of ILS beam

ILSFLG no default , value obtained from XILSFLG (see section 7.5.2)

1 3° straight beam

2 6° straight beam
3 6° chang ing to 3° at height HKINK (qv)

(e) Discretes in and out (see also section 6.7)

IAD4SL AD4 sense lines (default I set in DSCRTI)

IAD4CL AD4 control lines (default I set in DSCRTI)

IDSCFL discretes in to Sigma (default I set in DSCRTI)

IPCOFL discretes out from Sigma (default 0 set in DSCRTI)

o do not execute at all

execute in DSCRT~ , ie in fast loop
2 execute in DSCRT2, £0 in slow loop (if any)

(f)  Wind shear

ISHR default 1 , set in SINIT

I no shear
2 logarithmic profile
3 li near profile

The value of ISHR is obtained from XISHR set up in the Initial Conditions

file.

(g) Control of random number generation for turbulence

LSEED default 0, set in SWIND

0 seeds for random number generation derived from time of day

cons tant seeds employed, enabling a repeatable turbulence 008

sequence to be obtained

—.-
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7.4.2 External switches

Desk switch Name Purpose when set on

Calls PV IOO during INITIAL
5 LCYCLE TV belt cycles continually

6 LXTVIC Resets TV x position

7 LYTVIC Resets TV y position

8 LTURB Turbu lence
TV slew LFWD TV bel t (and x posi t ion) moves forward

at maximum rate

TV slew LEACK TV belt (and x position) moves backward
at maximum rate

7.5 Initial conditions and initial values

7.5.1 Initial conditions

The standard SLI model embodies 12 integrations , each of which requires an

initial condition . These are given in the table below as ‘SL I names’. Many of

these variables do not form a natural or convenient set for the user, who is more

interested , for example, in specifying an initial airspeed rather than components

of speed relative to the ground , or an initial angle of attack rather than pitch

attitude. Hence SINIT performs various calculations to transform a user ’s initial

values into those that the system requires.

One particular feature is that, regardless of the wind , the ground speed

components are derived implicitly to satisfy the specified initial heading PSIDIC
so that any datum wind or wind shear conditions are not revealed inadvertently

to the pilot. More detail is given in the description of the SINIT routine in

Append ix A.

SLI names Source Definition

VVKNIC Calculation Velocity comp rel to ground, north

VVKEIC Calculation Velocity comp rel to ground, east

VVKDIC Calculation Velocity comp rel to ground , down

SXIC XIC X position

SYIC YIC Y position

SHIC HIC Height

PPIC PDIC, default zero Rate of roll, body axes

QQIC QDIC, default zero Rate of pitch, body axes
RRIC RDIC , default zero Rate of yaw, body axes

008 PPHIC PHIDIC , default zero Roll attitude angle
TTUIC Calculation Pitch attitude angle
PPSIC PSIDIC Heading angle



36

7.5.2 Initial values

Initial values are parameters relevant to the current ‘run ’ and are not in

general true initial conditions for integration. However, those initial condi-

tions listed above that are not calculated are obtained from a set of initial

values created by the user in a file. This file is read , during the INITIAL

phase , by the routine RDICFILE and its contents stored in a 20—element array

(A (191) — A(210)) which is part of system COMMON .

At present only 14 elements are actually used (as defined by the value of

NVALS). These are

Name Element Definition Units

SETADIC A(191) Sideslip angle degrees

ALFADIC A(192) Angle of attack degrees

GANDIC A(193) Climb angle degrees

VKTIC A(194) Airspeed knots

XIC A ( 1 95) X position feet

YIC A(196) Y position feet

HIC A(197) Height feet

W ~~t 98) Aircraft weight pound

XCG A(199) Aircraft centre of
- . gravity fraction of ref chord

XILSFLG A(200) ILS flag (actually
used in integer form ,
ILSFLG)

XISRR A(20 1 ) Wind shear flag
(actually used in
integer form, ISHR )

VWKTO A(202) Datum wind speed knots

PSIWD A(203) Wind direction degrees

PSIDIC A(2O4) Aircraft heading degrees

Spare A(205) — A(210)

Addi tional items could be read by increasing NVAL S, ~~ by inputting a new

value from the semi—permanent changes file (see section 7.7) read in SYSCOM.

7.6 Modification status

To keep track of the modification status of each routine , it is recommended

that the user allocate an identifier per routine and assign a value to identify

the version. For example, with the routine TOTF

DATA 1.ffOTF / I / 008

L A
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to indicate version 1 , or

DATA MTOTF / 17 1 1 76 /
to indicate the date of the current version. These values should be changed

whenever the routine is modified. By placing these status identifiers in user

COMMON , the current versions of each routine can be readily checked on—line.

This technique has been adopted for all the SESAME routines. The name of

the version identifier is the routine name preceded by K , eg for routine SALFBET,

the identifier is KSALFBET and contains the date in integer form. These identi-

fiers are held in system COMMON (see Appendix E).

Identification of a new version of the executable program, or load module,

is desirable. The SLI model program has a version number (IVERSION) for its

source code, but this is not changed if a new load module is built without chang-

ing the SLI source. Identifying individual routines as above will help but a

global load module identifier could also be created in a ‘history’ routine, the

only purpose of which is to set a version number for the load module , eg
DATA LHARRIER / 240776 /

and perhaps also to include a modification history in ‘comment’ form.

A recent modification to the loader utility in the RBM operating system

now places the date and time of load module creation into the program header .

This information can be inspected from the keyboard.

7.7 Changes to parameters

It is possible to introduce lasting parameter changes into a completed and

working aircraft model program without recoding.

On—line changes can be achieved from a keyboard, during any mode of a simu-

lation, through the program pv i oo 17 The user has the option, at the time of

making the changes, of declaring that the changes be ‘retained’, in which case
they are automatically copied into a file and read back again (by PV300) at the

start of each subsequent run. These changes are initially name—orientated , but

PV300 relies on absolute address so that if alternative aircraft model programs

are used, the retained changes file needs to be reset.

Semi—permanent changes to a user’s parameters held in USER COMMON may be

achieved by creating (from cards) a file called USERCHNG which is read each time
the routine USERCOM is executed. Changes to parameters in SYSTEM COMMON may be

achieved by a similar process , via the file SYSCHNG. All these changes work only
)08 . . . . .

by parameter name, as explained in the description of SYSCOM in Appendix A.
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7.8 Operational considerations

The binary versions of all SESAME routines , in relocatable form (ROM), are

held in files on disc and may be incorporated when building, via OLOAD, the final

executable program. To ensure that the size of user defined COMMON is correctl y

set up, it is essential that a user ROM containing the definition of L’SER COMMON

be loaded before SDAC.

If data logging is in use, the correct run number may be obtained by
inspecting the variable NRUN.

8 CONCLUSIONS

A system of equations and associated computer subroutines has been developed

to make it easy to create an aircraft model program for real—time flight simula-

tion. Several simulations have been completed and it has been found to be very

useful. The objectives of the scheme have been achieved. In particular , the

resulting model program is more efficient during execution in terms of time

required and the modular structure has also given the desired benefits at the

program development stage.

The facilities of SESAME are described as they exist at the time of publi-

cation of this Report. Extensions and enhancements may easily be added as new

needs arise.

Furthermore, the routines as described in this Report are not specific

either to real—time simulation or to the computer on which they have been devel—

oped. They are written in Fortran and , supplemented by appropriate integration

techniques, could be used on other computers for general purpose calculations of

aircraft dynamics in six degrees of freedom.

008
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Appendix A

DESCRI PTION OF INDIV IDU AL SESA~E ROUTINES

Section Routine Source file Binary file (ROM)

A. I SACCBOD SACBS SACBR

A.2 SACCLIN SACLS SACLR
A .3 SACCROT SACRS SACRR

A.-. SALFBET SALFS SALFR

A.5 SCOUNT SCNTS SCNTR

A .6 SDCOS SDCSS SDCSR

A .7 SEIJLER SELl S SEUL R

A .8 SILS SILSS SILSR
A.9 SINIT SINTS SINTR
A . 10 SPAT}( SPTHS SPTRR

A. I I  STV STVVS STVVR

A.1 2 SVELOC I SVLI S SVLIR
A. 13 SVELOC2 SVL2S SVL2R

A.14 SWIND SWNDS SWNDR

A.IS SYSCOM S?SCS SYSCR

A.I6 DSCRT I SCRIS SCRIR

A.16 DSCRT2 SCR2S SCR2R

A. 17 ISDSCR ISDCS ISDCR

08
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A. I Sub r o u t i n e  SAL CBOL)

A.l . 1 Purpose Calculates accelerations , in body axes, of aircraft centre
of gravity (cg), pilot and various accL-Ierometer locations.

••\. I • 2 Call CALL SACCBOD

A .I.3 Inputs P,Q,R
PDOT , QDOT , RDOT
RG , W
FTX, FTY , FTZ -

S13 , S23, S33
xP, Zp
X I , Yl , ZI; X2 , Y2, Z 2 ;  X3 , Y3 , Z3; X4, Y4, Z4; X5 , Y5 , Z5

A.I .4 Outputs AXCG, AYCC , AZCG
AXACG , AYACG , AZACG
AX?, AYP , AZ? -

AZAP, AZCG I
AY I , AZ2 , AX3, AY4, AZ5

.\.I.5 Data required XP, ZP
Xl , Yl , ZI ; X2 , Y.~, Z2; X 3 , Y3 , Z3; X4, Y4, Z4; X5, Y5, Z5

~~~~ Description (NB all accelerations in units of &) — see also section 3•’-)

A .I.6.I Specific accelerations at ai ’craft centre of gravity (as measured

h~’ i t ~ •it -~- cIt ~rometer).

axcg TX

a = F /w
ycg TY

a F 1w
zcg TZ

Note that in steady leve l fli ght , with 0 = 0 a ‘no rmal’  accele rometer

at the centre of gravity registers — 1 g and in a puil up , tor example , registers

—1.5 g.

A.l .6.2 Absolute accelerations at aircraft centre of gravity

a — a
xacg xcg 13

a - a + S
yacg ycg 23

a — a ~~Szacg zcg 33

S13, S~~, S33 
are direction cosines , ~~~~ S~~ 

— — sin 0

008 
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A. I .6. i Acce lcr.i t ionS at p il ot

a — a — x 
~~~ • t-~~

) — z pr i q ) g
xp x~~ L ’ ~ J/

— a
ycg 

+ + r ’) + z (qr —

- a + 
[x~~~r — — z ( p ~ +

• A. 1.6.4 Absolute norma l :iccolerat ion at p ilot ~or ‘m noeuvre ~‘ ‘ used for
motion cues)

a a + S
Zap Z~~ fl

A.I.6. Acceleration relative to I g tor recording

a a + 1.0
~cg1

A. I .6.6 Accelerat ion for ~i ip b all (located ~ ,v I ~

a~ a
vcg 

+ 
[x I (P~ 

- - v
1

(p~ + r ) + .~1 (qr 
-

A .l.6.7 Accelerations for g meter (located at x~ ,v 21 .~~
)

a
~ 

- a
icg 

+ [x.~(Pr 
- 

~) + v .~(qr - - ~(p~ + q 2~]/~.
A. 1 .6.8 Accelerations for three independent ce(erometers

a
~C~ 

— 

[x 3(P~ 
+ r ’) — y ~~(pq — — ~(pr +

- 
y (g 

+ 
[x4(P~ 

+ - + r~) + ~~(qr 
-

+ [~5 (pr — + v~ (qr + - • (P +

A.t .7 Initialisation

N i l

A. I .8 Subroutines ~ised

Nil

A .I. 9 Remarks

A.l .9.I See l~tkin
’
~ (Dynamics ot Atmospheric Flight ) pp ~~~~~~ for ~leriva—

tion of acceleration at an arbit rar’ po int.

Li -- ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~
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A .1.9.2 ‘Flat earth’ is assumed.

A .2 Subroutine SACCLIN

A.2.l Purpose To compute linear accelerations in earth axes

A .2.2 Call CALL SACCLIN

A.2.3 Inputs FIX, FlY, FTZ
RXMASS , C

~ I l~~~~33

A.2.4 Outputs FIN, FTE , FTD
VXN DOT, VKE DOT , VKDDOT

A.2.5 Description

A.2.S.I Transforms total forces in body axes (FTX, FTY , FTZ) to earth

axes i uTN , FTE, FTD) , using direction cosines S11 etc.

F~~ — S I I FTX + S21 F1~ 
+ S3t Fiz

FIE — SI 2 FTX + S22 FTY 
+ S

32
F
12

FTD - S
13
F
1x 

+ S23F1~ + S
33
FTZ

A.2.5.2 Calculates accelerations in earth axes

- F~~ /m

- FIB/rn

- FTD/m + g

A.2.6 Initialisation

Nil

A..2.7 Subroutines used

Nil

A.2.8 Remarks

User must supply total forces in body axes (FTX, FT? , FTZ).

A.3 Subroutine SACCROT

A.3.I Purpose Calculates angular accelerations in body axes

A.3.2 Call CALL SACCROT 008
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A.3.3 Inputs XLLTOT, X~OiTOT, XNNTOT
P, Q, R
CI I  — CI l O

A.3.4 Outputs PDOT, QDOT, RDOT

A.3.S Description

Given total momenta, angular velocity components and inertia coefficients ,

calculates angular acceleration components in body axes.

— CI~L + CI
2

N + CI
3
pq + CI4qr

— CI
5

M + Cl
6

(r 2 — p
2) + CI

7
rp

— CI
8

N + CI
2
L + CI

9pq + CI10
qr

A.3.6 Initialisation

Nil

A.3.7 Subroutines used

Nil

A.3.8 Remarks

A ,3.8.1 CII etc are calculated in SINIT from inertia information supplied

by the user.

A.3.8.2 The user must provide the total moments in body axes (XLLTOT,

XMMTOT, XNNTOT).

A.3.8.3 An xz plane of sy~mnetry is assumed1

A 4  Subroutine SALFBET

A.4.I Purpose Calculates angles of attack and sideslip

A.4.2 Call CALL SALFBET(DT)

A.4.3 Inputs UB, VB, WB, RADTOD

A.4.4 Outputs ALFAR, ALFAD, SALFA, CALFA, ALFADOT,
BETAR, BETAD, SBETA, CBETA, BETADOT

A.4.5 ~~~~~~~~ DT is frame time of ioop in which SALFBET is used.

A.4.6 D.ecriptLon

• 008 A.4.6.l Given the body axes components of airspeed, calculates a and
from (see Hopkin4 section 6.2)
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a - tan WB/UB, with a taking the sign of WB and being in the range

— tan~~ V8/(UB
2 

+

being in the range —~/2 to +n/2 , and taking the sign of VB.

A.4.6.2 Calculates the sine and cosine of a and t3

A.4.6.3 Converts a and 8 to degrees and stores.

A.4.6.4 Estimates the rate of change of the incidence angles (& and ~)
from the present and two preceding values , eg

— (a 2 
— 4a1 

+ 3a)/(2DT)

where Dl is the time step.

A.4.7 Initialisation

During the first entry to the routine the two preceding values of a and

~ used in estimating a, 8 are set to the current values of a and 8 , thus
making c~z — 0.0 for two time steps after ‘compute ’.

A.4.8 Subroutines used

Library mathematical functions.

A.4.9 Remarks

For 118 — WB — 0.0 , a — 0.0.

If V8 is zero as well , then 8 0.0.

A S  Subroutine SCOUNT

A .5.t Purpose Resets pass count for derivative section

A . 5.2 Call CALL SCOUNT

\.~~.3 Inputs JCOMP (from COMMON ‘CONTROL’)

A .5 . . -4 Outputs NCPASS, JJCOMI’, NR IJN

A. 5•5 Description

A . 5 . 5 . I  Resets pass count NCP~1SS to zero. NCPASS is used in the derivative
section to keep track ~f sub—steps of integration routine .

A.5.5.2 Picks up JCOMJ’ from COMMON ‘CONTROL’ and reassi gns to JJCOMP in
COMMON ‘SYSTEM’ to enable JJCO~U’ to  ~~ used as .in ‘initialisation complete ’ flag.
JCOMP (and hence JJCO?~ ) gets set to I onet ‘compute ’ i~ pre~~ d. 008
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A.5.5.3 Calls DLRUN to pick up current run number held in mailbox.

A.5.6 Initialisation

Nil

A.S.1 Subroutines used

DLRUN

A5 .8 Remarks

A.5.8.I Since DLRUN accesses the foreground mailbox , any program using

SCOUNT or DLRUN must be run in the foreground .

A.5.8.2 Run number is only obtained if data logging is not inhibited.

A.S.8.3 Because SCOUNT is not called during initialisation , the run

number is not obtained until after ‘compute ’ is pressed .

A.6 Subroutine SOCOS

A .6.I Purpose Calculates direction cosines from Euler angles

A.6.2 Call CALL SDCOS

A.6.3 Inputs PSIR, TflETAR , PIIIR , RADTOD

A.6.4 Outputs PSID, THETAD , PHID,
• SPSI, CPSI , STHETA , CTHETA , SPHI , CPHI

A .6.5 Description

• A.6.5.I Calculates sines and cosines of the three Euler angles

— heading 0—360° (or ± 180)

o — pitch ±90°

— bank ±180°

• A.6.5.2 Calculates nine direction cosines used in transformation from

earth to body axes and vice versa (see Hopkin
4 section 5.6).

SlI • cos 0 cos ~ —

S12 — c o s  ~ sin ~ =

• S13 — — sin 0
S2 1 — sin ~ sin 0 cos t~ —c os • sin ~i —

S22 sin c~ S~~ fl 8 sin ‘4~ 
+ cos 4~ 

cos ~ — m2
S23 — sin 4 cos 0 — m3

• S31 — cos • sin 8 cos ~,‘ sin $ sin tj~

)08 
S32 cos • sin 0 sin *— sin ~ cos ~, — n2
S33 — cos • cos 8 —

• • - - -— •— -•~~~--—_ -•- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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I
A .6.5.3 Calculates sec 0 and tan 8 .

A.6.5.4 Converts input angles (iii , 8, ~) from radians to degrees and
stores.

A.6.6 Initialisation

Nil

A.6.7 Subroutines used

Library mathematical functions, eg sine , cosine

A.6.8 Remarks

Makes no provision yet for 0 — 900 , nor for large angles , ie multiple
turns.

A.7 Subroutine SEULER

A .7.1 Purpose Calculates Euler attitude rates. -
•

A.7.2 Call CALL SEULER

A.7.3 Inputs P, Q, R
SPHI , CPHI , TANTHT , SECTHT
RADTOD

A.7.4 Outputs PHIDT, THETDT , PSIDT
PD, QD, RD

A.7.5 Description

A.7.5.1 Calculates Euler attitude rates from body rates and Euler angles

— p +  (q s i n $ + r c o s~~) tan 8

B = q cos~~~— r s i n~~

— (q s i n $ + r c o s~~)sec 8

A .7 5.2 Converts body rates to degrees/s and stores.

A.7.6 Initialisation

Nil

A,7.7 Subroutines used

Library mathematical functions.

A.8 Subroutine SILS

A.8 .1 Purpose To calculate glide slope and localiser indications 008

for conventional instrument landing system (ILS). 

-• -•~~--~~~ 
- • . - •- • •~~~~
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A 8 2  Call CALL SILS

A .8.3 Inputs JJCOMP, LSILS , ILSFLG
X , Y, H, RADTOD, DECTOR

• A.8.4 Outputs EGS, ELOC, HSLOPE, RGS , RLOC, RXINK
XGS, XLOC, YLOC, SGS, SLOC, USLOPE , BSLOPE , HKINK ,
CILS I, CILS2 , CILS3 , CILS4 , XKINI(

A.8.5 User options

LSILS ILS on/off flag

0 off, glide slope and localiser indications set to zero

1 on

ILSFLG select beam type

1 3
0 straight beam

2 6° straight beam

3 6° changing to 3° at height defined by HKINK

A.8.6 Description

A.8..6.I If ItS is required (set by LSILS), calculates conventional angular

ILS beam, with no beam noise, assuming receiver in aircraft is at centre of

gravity.

A.8.6.2 If ILS is not required , glide slope and localiser indications are

set to zero and no other calculations are performed.

A.8.6.3 Localiser model

Beam origin is at XLOC, YLOC. (X — 0 is at runway threshold , ‘1 = 0 on

runway centre l ine).

RLOC is range from transmitter.

Angular error ELOC is returned scaled to ±1.0, ie as a fraction of the

defined beam width.

Beam width is ±SLOC degrees.

A.8.6.4 Glide slope model

Glide path origin is at XGS.

RGS is range from transmitter.

HSLOPE is height of beam centre line at range RGS.

308 
Angular error EGS is returned scaled to ±1.0, ie as a frac tion of the

defined beam width. 

~~~~~~~~~~~~—- -~~~~~~~~~~~~~ .• ~~-—~~~~~ .•~~~~• -  
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Beam width is ±SGS degrees.

USLOPE is upper segment slope (if applicable) in degrees .

BSLOPE is lower segment slope in degrees.

For a single segment beam, USLOPE BSLOPE .
If a 2—segment slope is used (selected by ILSFLG), the kink occurs at the

defined height HKINK.

Range and position from kink (RKINK , XKINK) are derived .

A.8.7 Initialisation

A.8.7.I During initialisation (when JJCOMP — 0) beam constants are set up

according to the choice of beam defined by ILSFLG. Initialisation occurs regard-

less of the state of the ILS on/off flag.

A.8.8 Subroutine s used

BOUND

Library mathematical routines.

A.8.9 Remarks

A.8.9.) SILS is used by SINIT, if requested , to place the aircraft exactl y

• on the beam as an initial condition.

A.8.9.2 If the user wishes to create his own ILS routine (or similar guid-

ance) he could use the same name and ensure that it will interface correctly to

SIN IT , fe receive a value X and return a value HSLOPE.

A.9 Subroutine SINIT

A.9.1 Purppse Various initialisation calculations

A.9.2 Call CALL SINIT

A.9.3 Inputs XIX, XIY , XIZ , XIZX
HIC, XIC, RSLOPE
DENR, SPSNDR , TEMPR, PRESSR
SPSL, RHOSL , TEMPSL, PRESSL
VWKTO, PSIWD , SURFAC
PSIDIC , GAMDIC, VKTIC, BETADIC, ALFADIC
SWRE F, SPAN, W, XCG, iCC, XCCREF , ZCGREF
KISA , ISHR

ilO~

A
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A.9.4 Outputs CII — ctiO
X
ROOTSIG, SPSOND , RHO, TALPHA , PALPHA
CPSIW, SPSIW , VWNLO, VWELO, VWN , VWE, VWD
VKNIC, VKEIC, VKDIC , VN, yE, VD, VK, VT
THETAD IC, PHIDIC
SB2 , XMASS, RXMASS , DXCG, DZCG
PDIC , QDIC, RDIC
RADTOD, DEGTOR, FPSTKT , XK2FPS , C, RG

A.9.5 Data to be supplied by user

SWRE F , SPAN , XCGREF , ZCGRE F, ZCG , XIX, XIY , XIZ , XIZX

A.9.6 User options

KISA flag to control variation of atmospheric properties
with height

0 sea level conditions at all times

1 standard atmosphere

—1 fixed values appropriate to initial height (HIC) -
•

ISHR wind shear selection flag (see SWIND for full
description)

A.9.7 Description —

A.9.7.1 Calculates inertia coefficients, according to equations (20)

CIØ = 1.0/(XIZ*XIX — XIZX*XIZX)
CII  = XIZ*CIO
C12 = XIZX*CIO
C13 = XIZX*(XIX — XIY + XIZ)*CIO
C14 = (XIz* (XIY — XIZ) — XIzx*XIZX)*CIO
cIS = 1.O/xIY
C16 = XIZX*C15
C17 — (XIZ — XIX) *CI5
C18 = XIX*CIø
C19 = (XIX* (XIX — XIY) + XIzX*XIZX)*CIO
CIIO = —XIZX(XIX — XIY + XIZ)*CIO

A.9.7.2 If HIC is set negative, calculates initial height to put aircraft

exactly on ILS beam.

A.9.7.3 Sets up initial values of atmospheric properties. If KISA = 0,

sets up sea level conditions. Otherwise uses SATMOS to derive properties appro—

priate to HIC.

A.9.7.4 Calculates local true wind components from datum wind speed

38 (V
~~TØ
) and direction (*~

) 
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and allows for wind shear to give initial values for V~~, V~~.

A.9.7.5 If initial condition is not at rest derives velocity relative

to ground , and then components for IC values, given wind speed and direction ,
desired initial airspeed and heading. (Note that VK in this routine is resultant

velocity relative to ground, whereas VK obtained in SPATH is truly the ground

speed , ie in the horizontal plane.)

An iteration technique is used to ensure that the initial track and head-

ing are compatible with the specified wind. The initial heading will thus not

reveal to the pilot anything about the applied wind.

A .9.7.6 If initial condition is at rest (defined by VKTIC < 1.0) then

ground speed is set to zero.

A.9.7.7 An initial value for 0 is calculated , assuming 0 = 0, from

0 — ‘ y in .

A.9.7.8 Aircraft related constants are calculated from data supplied by

the user

SB2 — SWREF*SPAN*SPAN
XMASS = WIG
R.XMASS = I.O/XMASS
DXCG = XCG — XCGREF
DZCC = ZCG — ZCGREF

A.9.7.9 Various system constants are given default values via DATA state-

ments, as detailed below.

Default values

RADTOD 57.295780
DECTOR 0.0174533
FPSTKT 0.5921053
XK2FPS 1.688889
G 32.174

• RHOSL 0.0023769 -

SPSL 1116.45
RG 0.03108
TEMPSL 288.15
PRESSL 14.69597
DENR 1.0
SPSNDR 1.0
TEMPR 1.0 008
PRESSR 1.0
PDIC 0.0

________ ___________ __________________________________
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QOIC 0.0
RDIC 0.0
PHIDIC 0.0
KISA 0
ISHR

A.9.7.10 A software switch is also set on (IHSHIO — I) to enable the hi gh
speed hybrid input/output . It is conununicated via labelled COMMON HS}IIO.

A.~ .8 Initialisation

Whole routine is for initialisatio n only.

A .9.~ Subroutines used

SATMOS , SILS, WSHEAR and library functions.

A .9.1O Remarks

Will not initialise correctly if initial 4’ is non—zero.

A .l 0  Subroutine SPATH

A. 1O .l Purpose Calculates velocity over ground and fli ght path angles

A . 10.2 Call CALL SPATH

A .l0 .3 Inputs VXN, VKE , VKD
RADTOD, FPSTKT

A.1O.4 Outputs VK, VKKT ,
• PSIKR, PSIKD,

GANMAR , CANMAD

A .10.5 Description

A. 10.5.1 Calculates velocity over ground (ground speed)

VK — (VKN + VK E )

A. 10.5.2 Converts VK to knots and stores.

A. 10.5.3 Calculates climb angle

— tan (—VKD /VK)

in the range —n/2 to +i~/2

A. 10.5.4 Calculates track

)08 xL’s 
~~ 

tan 
1 (V~~/V~~)

in the range 0 to 2n .

_ _ _
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A .10.5.5 Converts y and x to degrees and stores.

A. 10.6 Initialisation

None

A.I0.7 Subroutines used

Library mathematical functions.

A .IO .S Remarks

A .l0.8.1 If VXD = VK 0.0 , y = 0.0

A.I0.8.2 If VKE = ~~N = 0.0 , x = 0.0

A .l0.8.3 For V~~ = 0.0 , x = 0 for V~~ positive but x = 180° for

V~~ negative.

A. 11 Subroutine STV

A.1I.l Purpose Computes TV positions and rates , and controls belt logic .

A.11 .2 Call CALL STV

A.I1. 3 Inputs VKN, VKE , VKD, VSHIPKT, XK2FPS
X, Y, H, XIC
XP , ZP , CTHETA , STRETA , CPSI, SPSI, PSIDT , THET DT
JJCOMP, NTVB
LFWD, LBACK , LYTVI C, LXTVIC, LCYCLE

A .11 .4 Outputs XTV, YTV , HTV , XIC , XIHX , XIHY
XDOTM, XDTV , YDTV , HDTV
SXPL , SXMIN , SXPLUS, SXMINUS , SYPL , SYMIN, HTVLD!,
XDTMX
ID SYN C

A .11.5 Data to be supplied oy user

NTVB TV belt flag

1 700:1 model

2 2000:1 model

3 5000:1 model

VSHIPKT ship velocity , knots.

A .11 .6 Description

A .1 1.6.1 Initialisation.

A .1 1.6.2 Belt slew control. — •

If forward slew is selected , X rate is forced to maximum positive value .
008
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If backward slew is selected , X rate is forced to maximum negative value .

In both cases , the aircraft ’s position keeps in step. Positional c~i lc ula—

tions can also be referred to a shi p moving at constant velocity VSHIPKT .

A. II .6 .3 Integration control for X and Y (belt logic).

(a) If Y reset is selected , Y position resets to YIC.

~b) If X reset is sele cted , N position re sets to XIC as orig inally

defined in ICFILE .

(c) If N reset is not selected , additi onal logic is invoked t o

control the belt (x):

* if N isnot near the belt join (defined by SXNIN , SXPL — see

belt diagram) , the program continues to the position module .
* If N is near the join but ‘LCYCLE’ is not set , the program

continues to the position module.

* If ‘LCYCLE ’ is not set , the program continue s to the osition

module.

* If ‘LCYCLE ’ is set , X is forced to cycle between SXNIN1.’S and

SXPLUS. IDSYNC is set to I to uncoup le the belt position

feedback .
* If ‘L CYCLE ’ is set, but the demanded X position is less than

the negative cycle limi t SXMINUS (as can happen if X had been

previously reset), the N integrator is reset and XIC is set to

SXNINUS. This will force the belt to start to move .

* If N is between SXMINUS and SXPLI’S , the program continues to

the position module.

* When X reaches SXPLUS, it resets to SXMINUS , before going on

to the position module .

A .II.6.4 Position module — TV positions and rates in three axes (equa—

tions (22) to (25)).

(a) Calculates pilot position , and rate of change of his position ,

S allowing for his location away from the aircraft ’s centre of

gravity.

(b) If TV belt is trying to position before minimum N possible on

the belt (SXMIN) , or if N reset is demanded , then X1,~ 
is set to

)08 • zero to stop hunting. This is not done if LCYCLE is set.

(c) If H is above the ceiling for the model , liT\7 is set to zero

to stop bouncing .

_ _ _ _  _ _ _ _ _  _ _ _  
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Limits are finally app lied to X T~P I  

~TV 
.s t i J  h~~, t o  keep w i t h i n

mode l c on f i n e s .  These l i m i t s  do not  a! fe e t  c o m p u t e d  a i r c r a f t

pos i t i o n  and n a v i g a t i o n .

A. 1 1 .7 Initialisation

A. 11 .7 .1 During initi a lisati on , the set of TV constants appropri ate t o

he p a r t i c u l a r  be l t  are se I t’c ted from the array TVCON (8, 3) . These c on s t a n t

defin e the limit of movement as follows :

sN:’t .  TVCON ( I , NTVB) Maximum value of XTV allowe d , .iiso determin es
when ‘near belt join ’.

S~MlN TVCON (2, NTVB) ~iinimum v a l u e  of XIV allowed , also determines
when ‘near belt join ’

TVCON (3, NTVB) x eve I e s bet ween these two values i

SXMINUS TVCON (4, NTVB) ‘cv~ l.’’ mode is selected

SYE’L TVCON (5, NTVB) Maxittu~n value of v~~, a l l owed

SYMIN TVCON (6, NTVB) Minimum value ot  y~~~ , allowed

UTVL IM TVCON ~7, NTVB) Ceiling for TV hei ght

XDTMX TVCON (8. NTVB) Belt velocity when slewing.

The x—r clated quantities are illustrat ed in  Fi g A4.

STV holds three value s of each parameter in TVCON , th e appropri ate one

being selected according to the TV belt in use . Because of this , on—i inc  perma-

nent changes to SXPL etc can only be achieved by chang ing the associ ated element

of TVCON .

A .lI.7 .2 The initial value of N obtained from the IC file is s tored  in  j
a temporary location (XICF) so that a demand to reset X will reset N to this

value regardless of whether cycle ~has previously been selected.

A. II .8 Subroutines used

BOUND . 
-•

A .I I. 9 Remarks

A. 11 .9 .1 The array of TV constants is accessib le to I’VIOO and so can be

overwritten if new values are found to he more appropriate to the hardware.

Alterations can also be made via the semi—permanent changes file (sOt’ S’t’SCOM).

008
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A . l % . 9 . 2 The logical  con t ro l s  are set v ia  spec ia l  b u t t o n s  C i t  Oil the

contro l desk and so are hardware d e p en d e n t .

LCYCLE desk switch 5

LXTVIC desk switch 6

LYTVIC desk swi tch 7

LF WD s lew toggle  patched to Al)4 sense lint ’ 1’~CSO I (line .)

L1t~L.K slew toggle patched to AD4 sense line DGSO4 (line 5)

I1)SYNC software flag controls Al)4 control line DGCI7 (lint ~ 16)

A. tl. 9.3 To start the aircraft at some position outside the limits of

the TV model , set up XIC , YlC to suit. When the a i r c r a f t  pos i t ion  come s within

the confine s of the belt , i t will begin to move with the aircraft. X and Y posi-

tions can be reset using their appropriate buttons without having to  reset the

whole computation.

A. ll. ).4 If , after a reset to some distant location , insuediate movement

of the belt is required , put ‘N reset ’ off and ‘ cy c l e ’ on.

A. lI. 9.5 No provision has been made for large bank ang les (~- 1 rev), nor

for cloud or visibility control.

A. 11.9.6 Successful use of this routine to drive the TV model is depend-

ent on analogue computer circuitry incorporating position feedbacks.

A. 11.9.7 Do not initial iso with ‘CYCLE ’ on it , subsequen t lv in the run ,

you may want to reset X outside the confines of the belt. This is because

initialisation occurs twice and so XIC is overwritten.

A .12 Subroutine SVELOC I

A. 12.1 Purpose Calculates body axes velocity components

— 
A. 12 .2 Call CALL SVELOC I

A .12.3 Inputs VKN , VKE , VKI)
VWN , VWE , VWI)
SI1 

— S
33

* 
A.12.4 Outputs UB. VB , WB

VN , yE , VI)

A. 12.5 Description

A .12 .5.i Given the components of velocity relati ve to ground (VKN , VKF ,

VKD) and the components of total wind speed , including turbulence (VWN , ~‘WE , VWtfl ,
008 

calculates components of velocity relative to the air in earth axes (VN , Vt- , \‘tfl ,

then resolves to body axes.
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A .12 .6 Initialisat ion

• None

A . 1 1 . 7  Subroutines used

None

A .I2.$ Remarks

A. I . ’ .8. I Assumes wind v e l o c i t y  component is posit i ye in  the - di ro.- —

t ion as the component r e l a t i v e  to the air. Thus , for a head wind and for the

aircraft on a northerl y heading (‘p 0) , VWN is negative .

A.12 .8.2 VN , VF., VI) are initial ly calculated i n  SINIT.

A. II Subroutine SVELOC2

I I. I Purpose C~ I en I ate tot a I a it spi ed . .‘q i i  i \ a l e n t a ~pc. .I ,
number etc using appropriate ~ilmosphci- ic propert ies

A. 1 1 .2 (all CALL SVELOC2

A. II. 1 Inputs PB , VB , WB
H
SWRE F , CRE F , SPAN . S82
K1SA
FPSTKT , RHOSL , SPSL . TEMPSL , PRES SL

A . I ..e Outputs VT, VTKT , yEAS , VEASKT , XMACH
QD YN , HLFROV , QDYN S, QSCR1’F , QSSPAN . QS132 I V
ROOTSIG , RHO, SPSONP, DENR , SPSNPR , TEMP R . PRE SSR
TRATI O, ARAT 10, DRA TI O , PRAT 10 • TA1.PIIA • PAI, 1’HA

A. 13. 5 Data to be supplied by user

Note that certain geometric parameters t o t  the a i r c r a f t  must  he su p p l i e d

by the user.

SWRE F reference wing area

CREF r e fe rence chord

SPAN reference  wing span

582 is a combination ( SWREF *SPAN *SPAN ) c a l c u l a t e d  in  S I N I T .

,~.13.6 User options

The f l a g KISA selects the way in wit ictt a tmosphi’ tic propel! i es va iv * It

• must only be changed in INITIAL , before SINIT is executed.

KISA • I standard atmosphere

— 0 f ixed  v a lue s  appr opr i at  e to sea I i’ve I

• —1 fixed values appropriate to initi a l height 11W

~
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• A .13.7 De~~ription

A .13 .7 .I Calculates total airspeed , converts to knots and stores.

VT (u~~+ v ~~
+ w ~~

A .13.7.2 If the flag KISA is set to  I , obtains , for the current height ,

new properties (density ratio , speed of sound ratio , temperature ratio and pres-

sure ratio) of a standard atmosphere, using the routine SATMOS.

If KISA is not set to I , atmospheric properties are kept constant , as set

up by SINIT.

A .13.7.3 Calculates properties of the atmosphere

air density = 
~SL°

speed of sound a — asLar
ambient temperature Tcz = TSLTr
ambient pressure = 1’SL~r

A.13.7.4 Calculates equivalent airspeed , converts to knots and stores.

VEAS = V
T
a

A .13.7.5 Calculates dynamic pressure and related terms

2QDYN = 
~
PVT

QDYNS = 
~
pV
~
S
~

QSCRE F — 
~
pV
~
SWcref

QSSPAN — 
~
pV
~
S
w
b

QSB2 IV 
~
PVT

(S
w

b )

A .13.7.6 Calculates Mach number

M - V
T/a

A .13.7.7 Calculates compressible adiabetic flow relationships for Mach

number <1.0. For initialisation purposes, these ratios are given datum values of

1.0.

T . — (I + O.2M )
ratio

a . — (T . )~ratio ratio
( >~~ratio 
varatio

P . - a  . Tratio ratio ratio 

—- --- -~~~~~~~~~~~~—--~~~~~~~~
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A.13.8 Initialisation

In addition to those items mentioned above , datum values of atmospheric

properties are provided in SINIT (qv).

A.13.9 Subroutines used

SATMOS

A. 13.1O Remarks

Subroutine ATMOS, an alternative to SATMOS, is available to calculate

atmospheric properties for hot days. It is not included as an option, however ,

as it is very much larger than SATMOS, the subroutine for ‘standard ’ days.

A .14 Subroutine SWIND

A .14 .l Purpose Controls turbulence , wind and wind shear

A .I4.2 Call CALL SWIND

A .14 .3  Inputs H, IIIC , VKTIC ,
XK2FPS , FRAMETI , SFRACC, SRDECAY
VWNLO, VWELO, VWDLO, CPSIW , SPSIW
USIG , VSIG , WSIG
ISHR , JJCOMP , NC , LTURB , LSEED

A . 14 .4  Outputs UTURB , VTURB , WTURB
VWN , WE , VWD
VWNL , VWEL , VWDL
SHRFAC

A .14.5 User options

LTURB Turbulence switch

o no turbulence calculated or output

I turbulence calculated and output

ISHR wind shear selection
I (default) no shear applied . Returns imediately with

SHRFAC = I .0. Time overhead is minimal .

2 ARB mean shear profile (logarithmic)
3 linear shear up to 333 ft , thereafter constant

LSEED random number seed selector

0 (default) seeds in GUSTS routine obtained from time of day

I constant seeds enable a repeatable turbulence sequence
to be obtained

USIG, VSIG, WSIG rms settings for each component (never exactly achieved —

it is a random processl). Can be changed in flight. 008
VWKTO datum wind speed , true (knots) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PSIWD datum wind direction (degrees). PSIWD = 0.0 is a wind
from the north . VWKTO and PSIWD are set as initial
conditions and are used by SINIT (qv) to calculate
VWNLO, CPSIW etc.

For the remaining parameters (except for VWDL) changes are only effective

if applied during initialisation .

• VWDL wind component in ‘down ’ sense (default = 0.0)

SRDECAY decay parameter , should not be changed (default = 0.7)

SFRACG intermittency parameter, in range 0.0 to 0.99
(default = 0.0). Should never be set equal to 1.0.
For minimum intermittency, set SFRACG = 0.0. A value
of 0.7 is probably as extreme as will ever be needed .
Refer to Ref 12 for discussion .

NC Controls the three gust ramp lengths used in the
turbulence generation routine GUSTS’2, via

NGUSTS = NG* Initial speed (ft/s)

NCUSTS, an important parameter , required by the GUSTS
routine, defines the number of gusts per second. Thus,
if the initialisation speed is 200 ft/s (118 kn),
NGUSTS = NC = 4 (the default value for NC) and so the
shortest gust gradient distance is 200/4 = 50 ft and
the longest, determined in the GUSTS subroutine , is
16 times the shortest, or 800 ft. Initialisation at
speeds much below 100 kn may require NC to be increased.
If the initial speed is zero, NGUSTS takes a minimum
value of I. A further limitation is that NGUSTS must
be less than the repetition rate of the simulation ,
eg for a frame t ime of SO ms (20 solutions/s) and NC = 4 ,
the max-~mum initial speed must not exceed 1 000 ft/s
(592 kn). This constraint is checked and imposed in
SWIND.

A.14.6 Description

(a) Derives shear factor (SURFAC) according to height , using WSHEAR
subroutine.

(b) Calculates local wind velocity components VWNL, VWE L at height,
including shear effects.

VWNL = VWNLO * SHRFAC
VWEL = VWELØ * SHRFAC
VWNLØ, VWELO are calculated in SINIT.

(c) If turbulence is required (set by LTURB), calculates three raw

components of turbulence (using GUSTS subroutine). The gust

velocities obtained are scaled by nominal ruts values for each

008 componen t (USIC , VSIG , WSIG) , set by the user, to give turbul-
ence components UTURB , VTURB , WTURB . 
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(d) If turbulence is not required , turbulence components are set

to zero.

(e) The calculated turbulence components are added to the mean

wind components to provide three components of total wind

(VWN , WE, VWD ) in earth axes.

VWN VWNL — (UTUR B * CPSIW — VTURB * SPS I W)
VWE - VWEL — (VTUR B * CPSIW + UTURB * SPSIW)
VWD = VWDL — WTURB

(f) A flow chart is shown in Fig A9 .

A .14.7 Initialisation

During initialisation , the gust generation routine GUSTS is called

regardless of whether the turbulence switch LTURB is set on or off. This is

necessary to perform the required preliminary calculations. However , the turbu-

lence components returned are set to zero . GUSTS uses its own flag (IFLAG) to

control initialisation , but this is tied to the system flag JJCOMP in SWIND.

A.)4.8 Subroutines used

WSHEAR , GUSTS , FDC , RANDU , VSTEP , SEEDV AL

Library mathematical functions.

A .14.9 Remarks

A.14.9.I The calculated turbulence components are added to the mean wind

components, which only later become resolved into body axes. UTURS is ~~
‘
~~‘:~: the

datum wind , a positive gust increasing the wind (crudely , increasing the airspeed);

VT UR B is across the wind (a positive gust , crudely, increasing the sideslip );

WTURB is vertical , positive up (to increase incidence).

A.14.9.2 Wind shear and attenuation of vertical turbulence with height

work from altitude rather than height above local terrain.

A.14.9.3 Details of the gust generation process are contained in Ref 12.

A .14.9.4 Wind shear is only in magnitude , not in direction.

A.14.9.S The tt~rbulence control , LTURB , is set by a desk switc~’ (currentl y

number 8).

A.15 Subroutine SYSCOM

A.15.l Purpose Sets up communication with system variables.

A .I5.2 Call CALL SYSCOM 008

_______ ,-~~~
-
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A .15.3 Inputs As set up in ‘changes ’ file.

A.15.4 Outputs Nil.

A. 15.5 Description

A.15.5.1 Includes in the labelled common area SYSTEM all the names of

system variables so that they are set up in the Namelist table .

A.15.5.2 Calls PV200 in the defined way to set up the Namelist table

address. The defined way is

DIMENSION NAI~ (2)
DATA NANE/’SYSCOM ’/
NAMELIST
CALL PV200(NAME)
GO TO 3

2 INPUT 101
3 CONTINUE

A.15.5.3 Provides for ‘semi—permanent ’ changes to be read from a file,

using the self—identified input facility

DATA ISYS/50/
REWIND ISYS
INPUT (ISYS)
REWIND ISYS

A .15.6 Initialisation

This routine is only called in the INITIAL regi on , so it is all
initialisation.

• A .15.7 Subroutines used

PV200 plus library routines. Note that to test SYSCOM in the background ,

a dummy PV200 should be supplied.

• A.I5.8 Remarks

• A .15.8.I Unit 50 used for inputting semi—permanent changes should be
• assigned at model load time to a file in the user ’s area, eg

:ASSIGN (F:50 , D3 , SYSCHNG)

A.15.8.2 Prior to running the aircraft model program, the ‘change s ’ file
should be filled with the desired changes in the form

Xl = 23.0
SWREF — 560.0
*

)08
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The concluding asterisk (*) is essential. If no changes are required the file

•-‘~~ an asterisk otherwise a run—time error occurs.

A .l5.8.3 The positioning of SYSCOM means that IC values  cannot be over-

wr i t t en  since they are read after SYSCOM is executed. However, changes introduced

through SYSCOM can be altered on—line since retained changes are applied (by

PV300) after SYSCOM.

A .I6 Subroutine DSCRT I /DSCRT2

A .16.I Purpose To control execution of routines for discrete input!
output.

A. 16.2 Call CALL DSCRTI (CALL DSCRT2)

A. 16.3 Inputs IAD4SL, IAD4CL , IDSCFL , IPCOFL

A .16.4 Outputs By calling other routines, the arrays ISLR(16),
ICLR(16), IP(3 2) , IDS(3 2) ,  ICO(32) are filled.

A.16.5 Data to be supplied by user

Four flags must be set to control which of the basic routines , if any ,

is executed in which real time loop .

IAD4SL Execution control flag for AD4 sense l ines (READSLR)

IAD4CL Execution control flag for AD4 control l ines (SETCLR)

IDSCFL Execution control flag for discretes in to the Sigma
(RE ADSCR)

IPCOFL Execution control flag for discretes out from Sigma
(SETDSCR)

Each flag can take the values:

0 Do not execute

I Execute in DSCRT I , f.~’ in the fastest loop

2 Execute in DSCRT2 , ~ in the second loop.

Default values (set in DSCRTI) and typ ical values are

Flag Routine Default Typical (possible)

IAD4SL READSLR I I (2)

IAD4CL SETCLR I I (2)
IDSCFL READSCR I 2

IPCOFL SETDSCR 0 2 ( 1)

A. 16.6 Description

Calls appropriate routines , according to flag settings . Routine s which 0il~i

are called by DSCRT I are no t then called by DSCR T2 , and ~‘fc~ :‘~‘rs.~.

_ _
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A. 16.7 Initialisation

Nil

A .16.8 Subroutines used

READSLR , SETCLR, READSCR, SETD~CR

A.16.9 Remarks

Execution timings are

SETCLR 0.16 ms

READSLR 0.22 ms

SETDSCR 0.34 ms

READSCR 0.87 ms

Total 1.59 ms

Hence a millisecond or more could be saved in the main loop by executing

READSCR and SETDSCR in the second loop .

A.l7 Function subroutine ISDSCR

A.17.1 Purpose To read a single specified Sigma 8 sense line

A.17.2 Call I = ISDSCR (ISET , LINE)
ISDSCR is returned with a value 0 or I , depending on
whether the specified line LINE is off or on.

A. 17.3 Description

This function tests the status of an individual sense line, either from

the logic patch panel in rack N(ISET — 0) or from the control desk switches

(ISET — I ) .

A .I7.4 Initialisation

Nil

A .I7.5 Subroutines used

READSCR

A. 17 .6  Remarks

This function is intended for use during the INITIAL region only, when
time is not critical. It is not a fast routine.

08
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4)7. 1SIIJS C SI ..E 0 .IICI5.1. 0(14/SC’.

~s . I S I I’COfL .( l , .I lCaI l. S FT D$C N
29. W ITU ON
34/ .  5.5.0

Ia l1l~~’d l l.lIl.lij.SCN2S I

15 051114 *51 4.5~ 8l
lIST . 101478*1. lv, 91851014 100

I. 5U080UhIlv( DSCWT1
5. C
j~ C •ISaSSSSS.SISaS.SSSaS.SSa.*S.SI.SSNSØSSISS*.5.N.S.•.SSOS.S

a. C S

5. C • AUTISII N I S .51.t0M4.IN1Ol. S

4. C • 0Afl 2,.I.?* a
1. C • 51955.851 1 THIS H0UT Ilv ( N*8U1.(S OIIICNET5.5 £5. SHA M E 2. •
I. C S Twi 51*55 I*CalI. ,1104C1a14,S CVL .Il’C ll 5 t. S

9. C • *51 ~I1 CSTIN’.ALl. Y 1511.) OITINI ’ l lv ,, W NI C H •
ID. C • 004/TINES A W l  70 55. £ 515.4 / T IP
II. C S .
I4)~ C S•SS••.S5SS4AItSe.•S5S5~~4SNa5SSSSS**.NSSN.I5NIS5NNS5sInSI

Ii. C
$4. COINOII.IITS TIM#I IIQ4/UI .II4OII I
l b . C
5*. C l1I’IION 105.1*5111(5
11. C
IS. . 0*1* ISD$CNT2 .‘la~ pi4,
I9. IUOIIVA(. C PA C II IS DSCOT 2 .1. 1 15))
20. 5.
4)5. 1W4/lV *5.(1* C 1IIADS$ 5. .l.,lISOll.l1lO aC l. .1.1 111,11,

I 11015.55. •Ill IOll ,IIP C 0 II. al . l t ? l / l l
(3. C

• 4)4. l5IIa0,SL .1ll .OI CAL5. 01*051.14
as. IF I IAD,C5. .IQ.l Ca4.1. 511d M
lbS ISI *O1C 5L.l4. .lICa5.l. NCIO SC II
t a .  I P I I PC05i..I4..l,Ca~ l, $15055.14
4)5 . 141719814 -

29. 1110
Ia$$ISN • M IS I .03 . ISO C I*

a IS00TNA51 5.S.N$
— (51. S SIIT I,*N lv. 9105*00 (00

~08 
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1 .

I. S U N CT ION I IOSCW ISET ,L INE )
2. C
J~ C •SII0S555. *n. .5.a, 

N a. C S
9. C • **JTHOI : S.5..Yo)114.jN5~ ,,
4. C S OI TE 1V•5 14
7. 4. • 54751~~055. To l l ~U515.ll4/51 ~ k*0S 8* 130 *  l-~IbL *L )4’ I’. I.E .5. C • PITCI*5L( 1514. IL u I C IT L O  05.5*  5 .5 lC’ .Ib .
9. C • I~ ii I-.,~~*_ s.,)* ., * 044  (05.1 4 / T I C -. 5.l.. .4 . ’.(. ‘ 1 5 1 1 1 1 11.’.Iv . C • *1400j11(5.1$ I aII . C 5 151 1 ~1 L L C T 1  VAI C HAI IL I  O I S C P I E I I S I C ,  ON

£ 4). C 4 lJtlj IC* 15.4 . )  0~ 9. 5.4.1 14.5.5 ,1
3/ . C • 4.11.0.  U (S Ih tS  5.4 .1 0(511 III 14*15 S

~
.. C • 1 51/SC’ . 15 114.1 *5. 515.0 0 o)K 5 •IS. C a 

I
1*’ C •fIISStSNNNA IN~~S..NS...., .. ..,. .. ,.. ..., 5N.~~ N~~(/.

15’ C
Is. 5. 4185305. 1015.11310
20’ C
2*’ 47*11 •(5Q~ CI. ~%9Ø5?5/24). 14.UlVl4.(N C IIOI$5. ScW .1) 7 1 ) )
34’ 01111811014 II’1331,I4/b4 34)I
a,. IQ4/IVALLN C (IIILNI$I ,5I151 )l .ll C l. N(%I . 1 . 1 1 1 1 1) ,

I I 15 1 1 1  . 1 ) 1 * 1 1 1 , 1  £ 0 5 1 1 1  • 4 . l*  .~~‘ a IC?  I ,4 . i . 1 I
2*. C
4)?. C*~.t. 85.0.055.5
4)5. 5.
a,. 154/SIN. I P L I 5 . t~
39. ISIISIT .lU .lll$O $CN• 10514.15.11
31. 14171)145.
34) . 1540

I Sis.

008
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Appendix C
LISTING OF SLI PROGRAM — SINGLE LOOP

55048*8 5( 18(014. 1100(1
2 C SIT 141881018 NUIIS(5
3 045* IV (14510N#0S0271,
4 5. 52.0.74 $TST1I~ 5.0,41*018 5.1814144.10
S C t5.5.7è 015C55.T(5 1185.4.4/0(0
* C b•I0•7i 55*115. TjM( 5*81454.0 7101(0 UP
1 C tl•Il.7a TO T TM AN D lOTS 65.5*0*1(0 *04/ SOURCE 5.1(11810 UP
I C 5. 4).75 51*051 NAM( L~ 5Y 855.5.55 110 10 CVI ITOHAG(
S C

10 CON TR OL
fl 1100( • 5(14.5
14) 1140C
Ii INITIA l .
$5 C

C DIIv(’ *SION,COMMOs.,DIIA D (Cl.ANATIO’4S
II C
51 COIIMO1* ,STSTIP ’ IAI I000),L l400 1
1$ DIM ENS ION RJCV *I.1l20l
5 4) 047* 1815*55/1,
4)0 £3U IV IL(NCI RI CYA LSI 11.11 l~~I I I
35 C
23 C COMMU NI CA IION 5116(154 IIN ITI * 1 *140 1111(8 COMMON
23 C
ta L DU 1V ILIN C 1IVKNIC ,4123I)l ,IVI(LI C ,*l4)l2lI,I10 *01C .412131,.’.
25 1515. .1119,11.1*15. • , l 4 $ 9 b ) l , l s l C  a41597)).. .
4)4 ,PD1C ,A 134)Ql ).ISUI C ,Al4)4) jl),INOI C .*l222)I...
27 l Pw I4/IC ,*151 ,II.ITHIT*DIC.A 2I5llalP$1DlC .11204)5...
25 135111111 al l 94)1)...
29 10(0105 •*1I431 ).lD&IT I a l l 9 1 1 1

IO UIVAL5.IIC ((NCP *55 .5.) ~ il.)NIPA0 a4.l 3l) ,ILL ISLG .4.1 4111 ..
31 ~I$ oN .1.1 ~ * ) 050271
32 C
33 C Sill. TI ME 5*8*1*1105
34 0*1* SRAM(TI,60.0,
35 P ITA TIMt.1F TI~~0.0,
34 PITA D15.1I/0.0501
37 C 81)11018 OS IC V AL UES
3$ DITI N9*lS~ %4/

39 C
411 C SIT UP C0IIPIU IIICA?I0N ,TO (18*511 V*NIA *L (8 IN 54.1 LASLLLID
45 C COIMON TO 51 £CC ($flO
4, C
.3 0111(1811018 181115.121
44 DATA NAME/ 1409(I.’,
45 N*I*(LI$T CI11T I .IALOl, JAI.31 ,1145a1N7 ,ITP,IIIWSI ON ,1100 ,.. 050271
4* NSIINVA IS ,$*.3?,HNaS *ILaBYIC,SP’IC .T,TIPll.(#TI 0*4/275
41 4.151.15.11.). PV200IN *N I )
45 50 10 L A ID
49 LASS U MPU T ISOII
50 LA 5O CON T I14UI
St CAS t. $‘ISCOI*
52 CIII. 4/5(115.08
53 C
54 C CMICIC *CCL1$ 051’ *1*0 INITI AL ISE *0*
Sb CALL 15.11*04
54 C 142*0 IC CONDITIONS 5801* 11*1718 F1L(lS3 1l.PI.ACE IN 5551(11 COMM ON
57 CALL NOI C SII.1l 1.V *L5,NICV *L5)
6$ ILIFLO • RI CV *L 11 10 )
SI 15180 S NiC*4l5l’*~~)
*0 C •SISSSI.IIISSSSSCSS .,.I.SSS,

II C a INPUT 0(51118(0 Cua~~5(5 a
44 ) 5. ••••••••••••••••••• •••••••••
43 C4I. L P10300
*4 C INTOPRLT (N
45 C S5•aaaa . . , .
*4 11P .~~.7 C 5.411. PV I00 IF 011* Sw ITCH * ON
aS 13 1 1$D$CIAIT.I)SI.IJ .1I CA LL ,‘VlOO
•0 C
70 C SlIP $121 1500 5(41. IlpIt a • 5lI1I*(TI/IODI/ .Q)

7* C 51.1 CALCUI_ AT($ 1187135111051 511’ SN~ I~ CI NT ,14.
74) C FIR 43518 LCCC1$,Sf T CIsI 5 5(31* DELI
73 C I I’Tt • D IL TI
74 C INITI A LIS E SIBy(S lUNd lO’NS .
75 C ALL $1811

1* C INT (RPN(I(R

38
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90 Appendix C

1? C •S•SSSSSSS•

75 LT P .~~
C CALL P4100 IS DIII Sw ITC H 1 34

SO IFI IS0$CRIl. ll .2S .IIC *LL 5’WtOO
$5 C
$4) C SIT UP 114171 *1. 4*1.4315 100 3511100*110,41
53 C
14 VV * N IC  • V ISN 3C
59 VvW( IC • 4 5 ( 3 5 .
5* VVIDIC • ~~~QI5.
I? SIS IC • SIC
5e 57 15.  S SIC
5s SHIC • HIC
so PPIC • PPIC .OIUTOR
91 031C • GCIC .OIQTSN
94) 581C • RCIC .0L0A,60 ‘
94 P5015. • P$1DICSDIOTO4

711 *15. • TP4(T*D IC .D€SIOR
IS PPIIC • P5 IDZCA QEO TOI
94 C
97 C 5 00 CONTROl. Or IPOST.15 . T (4 .RA TI0 N ’  CA LC II4.ATI ON$,S( 1 UP 40*4.4/1 05 N IPAS5 TO

C SUI T IPITEGN* T ION AL 008ITOM I*L000 .DCSAULT 15 035*51.1
94) ISlZ&LGt .E4s4)S4 11’ES$ a 2

14,0 IF(IA LOIaE4. .SIN ZPA SI a 4
101 C TO (51513Sf 10*1 SuCH .PO5T.INI130*33O51 ’ 504/TINES IRE 5.41.11)1 DUR IN G 1,41
15.2 C INI T I *L IS *TION PASS THROU I&1 .10001’
10/ NCPA$I.4
0.04 5.
109 C 31*1185011(5
104 C •.SSS..SSIS

55.1 505 • 3
14/I C CALL P5100 iF DElIS AsI TC H 1 oN
105 I’ )XSOS CRII, Il .1I4.II CAL L v.100
114/ C
III 1 411 • 0
112 *h17? CONT1NU I
I l l  I’IIT • 11411 4 5
11’ 1510

31 5 C INIT IA LIS E TWI CE 50 twiT ‘ODIN’ ETC Sit UP 5.0180(5.75.!
15* 1 5) IIIIT .E4/.I, QO TO 154112
II? C -.

11$ C INT IMPR(TER
119 C •aaaaI...a•
1251 ITS a
125 C CALL ‘vioc IF 0(111 SW ITCH 1
122 1 5) 1$DSCR II,ll .EW. I ,CILL
*23 C
124 C ST ART CLOCk FOR REAL TIME
*4 )5 I5 ’,epE , CIII. 5T*~~~c
14)4 DYNAMIC
127 5.
Ill C •Sa a . S , S S Ø SS , SSS 4. 4.I . , S . . S . S .  D YNA M IC •a. .. ..a•a.a. .,aa•.a
129 C
53 4/ I’l800E l C1LL i~~*1S
131 0(01 vA Il vi 10051
132 C
133 C •a a a . a a a a a . a a . a • a a a • . a a.a a a a.•  D o IV A t I V E  •S 5 • S SS S . S . aS a a .a S a S
14)4 C
*39 C
13* C •....... ..... .. .... ...... .
13 7 C a a
131 C • 1*51(1* FUN CT ION S •
135 C •

- - 1.4/ C •.a•aa.a..aa ..e..s.a......
141 C 5.58.8051 STA I(PILN T TO ALLOW CON TNO L 5*N*M5. Tt0 •1854/(’
*42 C 18 51 ACCE5$10 5* 15.1 01037*1* VI 115.5)018
144 CO MMON,ZISI O ,MOIIL
I., DECL INE LO GICAL ~ODL
*4 5 C INTEO NI IION CONTIOI. $1171.8INT4)
144 WA ’IIAI LL I • (1.0
1’” C 1taT (SV AL C $N1 5 • 0.06
1*5 MIT EP S ~5t • t
*49 ALUONITHP’  11151 • 5 a 4/ALIII • S
5447 WTlN)1 . .5w* I* (5 1 ,  *SLIGI,1 1MLL FT I a ISO, $
14 1 PROCEDU RAL
*44) C *2•R—1a SYSTEM COMMON 181*0310

:t 008 

-—-- — -  --~-——--- —-•-— .—



Appendix C 91

143 COMNOIa/SV SIE I*l*II000).5. 400 1
j 54 C
555 C 4. INPUT 4*01451.15 IS
156 C
$51 ISUIV*LENCE IPNIDT ,A l 4)9)IaI THI TD I a ll 30, I a I P S I D T a A I  3I1)a. .
III POOT .41  49 )  1.114/ST a A l  4 6 1 ) a  15001 .Al a7p) ...
*69 IV 5().OOT .*l t3 II)aIV* LOO T .A )2JIIIIIVK000 T .1l2401l,..
*60 z1C .*119, )lal*UOTM al(I b$ IlallSIL T Ia* I 91l)a. .
*61 xI14~ ,* (lSSl l.)XLNY .1)56011
1*1 C

(QU INILINC IINCPI5S Ill 4))) ,IPASP*$5 .Ll 3 )1
14 4 C

C .. OUTPUT VA H IA SLE S .5

*66 C
54 7  LSU IV* LENC E(PW IR ,A ~ ? ) I , I T H ET A R all SI), IPSIN ,A l 311. .’
$4S P al l  2* 11,15  all 2?) l a I R  a ll till..’
549 (VII ,A I 53) 1,14111 .14 4311.1450 al l  54U.’ .
570 9 a A I I 4 W I I 7 I Y  a A ( l b Oll. (H .*l15lUa..
171 (TI MI .4) Ia) )
572 1180

C •S~~IIS aIS4~~S a I S a a S I S S
$74 C • a

C 4P52.I#TEUR AL CALLS
*74 C S a
177 C ..••.•..•a..••.••.•••
17 $ C
*71 C RE AD AND wR ITE DISCR TE LINES
*50 C ALL DSCRTI
151 C
152 CALL SCOUN T
153 C
134 PRSCEO IJR*4.
150 DATA IFIRST,$ ,
lie IFI IFIRSI.NE,1,  G~ TO NOT ,
II? C INSERT CALLS H5.R( FOR RSUTII*I5 TO 01 (*15.19110 AST IR 405. iUT SEFORE 151713
15$ C WATI ON ,AND wHICH IRE NOT wA RT OF EVA L UATI O N LOOP FOR DEN IVATIVE I .
159 C SN4.Y EXECUTE THESE ~ OUTINE 5 0185.1 P111 FRUIL
*90 C 1) POE DERI VAT I V E  SIR CALLS

19* C
112 CII.), CSNTNO4.S
113 C CALCU lATE WIND
194 CAI.I. SWI NO
I9S C

C RESE T FLAG
197 151817 • 0
115 NO TFI CONT INU E

£80

too c
4)01 PROCEDURAL ) a A O C (ll)
tot END
4)03 C
4)04 C
to, C IS a
206 C S ANGU lAR I4~ i1Oo a
to, C a
500 C
to,
210 C ATTITUD E ANGL ES
211 P551 • INTEI* I PPS*DT.PPSICI
212 TTH (y • INTEGIYTHOT.TT,4I C ,
2 5)  5,01 • ZP.T(GIPP$105.PPHIC,

• 114 Call PROC(DUR*LI•PP5I,TTH(T,pP ,4l ,
114 C (GUISE V41 *Z* I4.ES
ill PSIR • P051
2*5 THIIAS • IT NET
it , P1)10 • P0)41
124/ C C*ICUL*Y( D3REC?IOM COSINES
521 1

CII I. SOCOS
213 C
004 1180
it, C
22* PP S INTIGIPP OO TaPP IC,

)8
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4)2? 03 — INTEGI000 (1TaG l) IC I

24)5 R~ • IN TLG(0000T,RR IC I
C

230 P00 (104/RA Il 55510?. TT$4/TaPV.. I4/T .PP ,UO,k51 I
231 C IQvAT( VA5IIS LEI
234) P _ P P
233
4)3a P a R R
234 C CALC U LA TE A TT IT UDE RITES
4)34 CAL L S1UL~~
j37 PPSIDT • P810?
4)35 77007 • THE TOT
233 PPHI4/T • PHID?
240 1)40
241 C

C Sl .II•S~~•~~S.~~•~~••
244 C S S
4)4 4 C • LINEA R 1451 ION a
244 C S
244 C
3 41  5.
245 C W I5.OC ITIES
2.9 V4)IIN a l5.TIGIVV IN 0T .V4ISNI C ,

4)44/ V 4)KE • I54110 v1011& DT .a*%EtC
241 VVIS D a INT(3 1010100 T .avkGICl
242 C
243 PROC (DURALI .VV IN, VVI [.VV KUI
244 C IDV A T E VIRIAO L[ S
245 4I(N • 9405.1 *
4)46 45 (1 • 4105.1
241 105(0 S 441.0
245 C CA LCU lAT E 5007 1115 4(t.8C17155
259 CALL SV (LOCI
264/ C C ALCULATE ALPHA *1*0 5E7A *510 ASSOCIAT ED E15.L5,C051N18
3*1 C ALL SAL ’B( TlO 1L!Il
252 15*0
2*3 PROCED URAL I HNDOTa 5VDOT . I
244 C

240 C (QU ITE 5101111(5
244 H,400T • aV ID

2*7 51005 • VII
1*0071) • 50011*

343 END
274/ C
27* C CALCU lATE POSITIONS
272 5* • RODI 1*Tl$SOOtM,$*IC.5.UaI HX,T l
27 3 5! • MOD INTI5,00T ,$YIC.1. v ,II4YaTI
27’ N H  • I5 .TE QIHW OOT .IHIC )
274 C
t74 PSaCEDURAL
t 7? C 11(0* W OU TINE S
VS C CIl(Ut.ItL 75141 F~ 6CES IN 50171 4915
279 C
251) C ALL TOT S
ill C
254) 1180
203 C
354 PROC (OURILIPP4/0?,IJWDOT. 5006 1 • PP.00.05 )
2*5 C USER’S RO~ tI NE TO CALCUl A TE ~~M 14TS
4)5* CML TOT5~ 000375
251 C
as. C CALC UlA TE ANG ULAR ICC(~~~R411 5p,$
259 CALL SACC OOT 0~ 02 75
294/ C (QUITE VARI A5 L I5
13$ P5007 • SOOT 0519275
232 0040? • 0001 050271
231 00057 • ROOT 010211
234 END
294 C

29* C
297 PRIC IDURAL I VV5(1 *OTa4VKE DT .4411) 1DT .
29$ C CA L CULATE LINEAR ACC().I SATLO5.5

CML SICCLIN
3011 C EQUATE 510115115
301 V V IND T S 951*005
35.2 4V ~ ED7 • 411(001

008
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Appendix C 93

301 41100? • 41005?
304 1180
305 PROCEDURAL ) • 55.11.001

- 34/4 C .S.SSS.. . IS.SSSSSS.SS
30? C S
305 C SPOST.IN?IOR*L CALI.SS
30* C S
3111 C S S S S• a •S S S5 5 S S 5 5 5 5~~~4
III •NCPASS.NCPA$S.$
312 C NCPA SI • COUN T OF 18URSER OF PASI(S 1IS(CU?(D 50 5*0 IN osi INTE IRAT ION STEP
353 C (IPISS • CONSTAN?.S(T 4/P IN 3NI?IAL ,SOM NURSER OF PASSES USED IV
3*4 C INTISRATION 101/TINE,
3*5 I5)NCPASS .L?.NIPSSSISO TO 005*15
3*6 C INSERT HERE CALLS TO ,,OIT.IN?IGRATION ROUTIN(1, TO S( EXECUTED ONL Y

• 3*? C ONCE PER STEP.
355 C
359 C FIRST PICk UP 111*1
320 71sf • 7
32* C (QUAT ( VARI *5I.ES
324) 5 . 5 1
323 1 0 . 5 ,
324 H a H N
320 C CALCU I*Tt 5001 AXI S ACCE LERATION O FOR M OTIO N (‘OUTPUT ’ ONLY )
32* CALL SACCSIO
321 C
325 C CALCULATE INSTIl/MINT READI N IIS ( ‘OUTPUT ’ ONL YI
329 C CALCULATE ILS l’OUIPUTI 018111
3311 CALL SILS
335 C
332 C LOGIC AND POSITION 505 VFA CONTROL l’OUIPUT ’ ONLY )
333 CALL STy
334 C Ill/ATE VARIASLE S
334 IXI C • SIC
336 11)5 • SINS
337 1)41 • SIN ?
331 S*OOTM • SOOTH
339 C CALCULATE (A S.MACH .OYNAPIIC PRESSURE ETC.
344/ CALL SVELOC2

34 5 C CALCULATE FLIGHT PATH ANGLES
342 CALL SPAT H
343 C
344 C 3) POST DERIVA TIV E SIR CALLS
344 5.
346 C S/R ‘04/TSR’ HANDL ($ OUT PUT FUNCTIONS
34? C
345 CALL 04/TSR
343 C
380 CALL SOAC
345 C
351 C SET •IIRST TIME ’ FLA5 O5),RE ADI FOR NEXT TIME ROU ND
353 IFIR1T • I
344 SIPASS I CON TINUI
354 100
356 C
351 PROCEOURA ),ID*CI IIDD A CI 2l.~~AC ( )ISOAC I 41.4/AC ) Sla..
ISO DAC ) Cl a O IC) 71.4/AC) 51.0*5.4 9l.D*C (lO)...

• 359 0A CII$ ) .OAC I*iI.OA C I 131 ,DAC I$41.DA C I Ii,...
360 OAC IIII.0AC II7I .4/AC I 1$l ,0AC I*~~).QAC)i0l ,..
34* DAC )II l,OA CI12 I.OAC Ii3I,0AC (241,QAC )iSI...
361 DAC )ICI.OAC(i71.OAC)l $I.OACIi9l,UAC(30l. ..
343 D AC I 3 I ) .OA C )3 i 1 . O A C I ) 3 1 . D A C I I 4 . O AC I 3 S ) . . .
364 0A C ( 3 6 1 . D A C I 3 P ) . UA C I 3 S I . DA C I 3 I I . 4 /A C , 4 0 I . . .
348 0*5.141 I .DA C ( , 2 l . I S A C I 43 I . DA C I 4 4 I . 4 /* C I a S l , . .
384 D A C I 4 4 I . O A C (4 7 1 a 4 / A C I 4 S I S I
387 1180
385 C
369 C PROCESS AUTO MAT IC HILO
370 CALL P4700
37*  3511)8011 CALL TENNNATII ’A IWC RAFT ’ I
311 11*0
374) (NO
374 1101111*1
374 1510
378 (NO

- ---- -
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Appendix D
INDEX TO SYSTEM COMMON, REAL VARIABLES

D. I Numeric order

SYSTEM 1514P1E ’ — W E A L  V A R I A b L E S  15.4.71

NUMEW IC 0*015 14/Ia, M*R 13. l7~ P*Iit A

11114151? V 0 W T N A 4  Q U A N T I T Y  D1~~C0I P ’I051 U NI T S CAL CU L* T tD USED
NO, NAME 55. IN

5 RIMAS I 1,5.1188 S IN IT SACCLI ’ .

~ AMAS S A IO C HA F! .,*95 SLUG l IN T ? 41 18 11

1 P815 N(AD1~~G I YIJLE N A D I A N S  D E N ’ T I V L  b?CO9

a ‘Sb 01*01185. £N~ L1 DEU R IES 519(06

S 1NI TAR PI TCH A T T I T U D E  010111,4 0E N ’T I Y L  SOCOS

6 THE T AD P ITCH * TI 114/CE 014/SEES 80(05

PH5 R 0*5.5 15141.1 IADI&5*5 0111,110 5. SOCOS

5 PHID 5*5111 *51011 0100(5.5 SUCOS

* $511 S IN I P S IN I  SOLOS STY
SOC 01

III (PSI COS IP II N I SL)C08 S T Y
SOC OS

II STHETA I I N IT I I ITA W I  SOCOS STY
SOC 05

14) ITN ITA COSIT I-IE TA N I SOLOS ST Y
SOC OS

SYSTEM CO MM0~ — SEA L V IR IA IILES 15.3.75

NIJPIINIC 5517(5 119149 M A R  ~~~~~~~~~ PAU L

ELE M ENT FOR TRAN QUANTITY U 1SCRIPII0N UN ITS CALCULAT E D US ED
NO, NINE IN IN

14 151* 1 I IN I P R IW I  SOLO S SEUL EW
SOC OS

Ia (P HI CO S I PH IN) 80(05 SEULEI1
SOC OS

t o  SE CT HT S F C I T M L T A W ,  SOCOS 5(UL(R
80(05

b. TANT MV  TA N I T N E T A R )  SOCOS 5(0111)

*7 SIt 0101(111151 CO SINE $UC54 SYELOC$
SA CC LIN

II Ill D I R E C T I O N  COSINE 50(05 11(10(1
SICCL IT.

I~~ Ill DIRECTION COSINE 517(05 8v (LO C I
SA CCL It,
S AC (500

20 Itt D IRECTIO N LOSINI - 10(05 SV (L0CI
SICCL IN

2* itt 0 IRLC T ION LOS INI SOLOS SV ELGCI
$*CCL I S-,

22 64)3 U IREC TI ON COSINE ROCO S SIELOCI
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Appendix D 95

SYS TEM COM M O N  — N EA L V A R I A b L E S  I5.3’7S

NUM ERIC OWO EN to:., MA N t3. ’79 MA UI

ELE M ENT F O N T R A N  Q U A N T I T Y  1914 (5151105. UNITS CALCULAT E)) USED
NO , NAM E IN IN

SArCLIN
Si~,.CSOD

21 I I I  D I R E C T I O N  10515.1 517(05 SV (LOC~
S* CCL IN

~. SR O IRI CT IO N ).OS INE 80(05 SVLLO C I
SACC L IN

25 433 O IR E C T IU 5 .  COSIN E SOLOS
11CC). IN
S AC CI GO

~~ P ~ W0 411. 0011.0001 A X E S  R A O S -,S(C O E R ’ T I Y E SEUt. E II
SACC IO T
S*CC000

27 ~ ~5*G 1,EL .P1 TC u a ~~~~ *518 lIDS / SEC D E K ’ T I 1 0~ SEULIR
SAC CR0 1
S AC CO GO

2$ I *44/ YEL .’~~,’’b00~ AXES lAOS / SEC O E N’TIYE SEUL LI)
SACCROT
SACC II0I)

29 P1)105 A T T ITUOI. W A T E . B A T *5 5*0/SEC SEULER OE R ’ T IV L

30 T HETOT *TT ITU 0I NAT(.PITCH WAD /SEC SCULlS 4110

SISTIM COM M ON — RE AL V A R I A b L E S  15.3•,5

N Up ’ENIC ORDER i O T a ,  M A N  13a ’79 PAGE 4

ELEMENT FO R TRAN Q U A N T I T Y  D1s CR IPT ION UN ITS CALCULA TED 1)8(0
NO, NAM I IN IN

OE R ’T 1101.

31 P0105 AT TI TUD E RAT (.HL*D I N4/ MAO /SIC 8(ULER STY
4 / E R ’ ?  1101

32 PD AN G V CL.ROLL ,SODY AXES OLGS ,SEC SEULE R

33 40 *00 10(L . PIT C Ha 050T A X E S  014/S/SEC SEULE R

34 NO AN D 10(L.Y A N.000 Y AX IS  DIGS/S EC SEIj L ER

35 C II I NE R T I A  COE FF I C I E N T  SINIT S AC CW O T

38 Cli INE RTIA COE FF ICIENT S IN I T  SA CC OO T

17 CIa IN E R TIA CGEFF IC IINT 5151 17 SACC SOT

3$ C14 INERTI A  CO E F F IC I ENT SIHIT SA CC R0 T

39 d O  INEN T IA COE FFICIENT SI t *I T SA CCRO T
S IN IT

.0 CI* I NE N TI A COE F FICI E NT SIN IT $AC CR O T

a$ CI?  118(0711 COEFFICIENT SI NIT SACCN0 T

4 2 CII INERTIA  COE FFICIENT SI N IT  SACC OOT

4 3 5.19 I N E R T I A  COE FFIC IENT u NIT SA C C R GT

8

A
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96 Appendix D

SYSTEIl C04ffi0. • REAL VARIAOL(S g5.3.74

I.UI*Il *C SPIDER MAN Ua ,75 PAUL S

LLLMEI.T FONTRA N OuA’d717, I.~ V CRIP11ON UNiTS C*LCUI.aT ED USED
PIG . NAPIL IN IN

44 C u D  I N E R T I A  COEFFICIENT SINIT SACC IO T

.s POST ANGULAR ALCN. IN 501)! AX IS RADS/GE C E SAL CWO T SACCSSD

45 WOOT A PJGUI. A II AGLN.IN SOD! AXES RADS/ $(CX •AC CW0 ~ S~ CCS0U

~~ ROOT AN3~~.AR AI~CN. IN SOD! AX LS NADS/SEC3 SACCROI SaCCSOD

~• X I X  MIN I M OF INLRTIA.ROL L SLUG FT3 USER SIPIIT

45 X j ~ PY 5PIENT Of INERTI* ,P ITCPI SLUG FTA USLR SINIT

so l I Z  MOMENT OF IPdENTJA,!Aw SLUG P12 USE R SINIT

SI 511* MOMENT OF INERT&AIPNODL.C1 SLUG PT2 USER

Si VIII. VELOCITY WLL TO GROUP.U.NGWTH Ft/SEC OE*4 TI’41 SVILOC&
SPaIM
5,4

53 VIII VE L OCIT Y  W LL TO GNOUP.UDE A VT FT/ SEC D EN ’ T IVE  IVEI.OC1
SPA TN
STy

54 440 VELOC ITY N~ L TO OROUP. LI,I,O~ P. FT/SEC DIRSTIVI SVELOCI
SPA TN
STy

SYSTE M CdP’PI04 — W EAL . V A A Z A V L E $  IS.3•71

PIUMIW IC ORDER I(I 4~ MAW 13. 79 PAGE *

LLL P~LI.T FORTRAN QUANTITY DkSCKIPTIOP. UNITS CALCULATED USED
NO. NAMI IN IN

Sb VSN VELOCIT Y OP NINU1NOPITI. Ft/SIC SWjPIQ SVELOCI

54 V~~ V ELO CI TY 04 WINU,E6SY Ft/SIC SWIND SVELOC1

57 V~ D VELOCITY 04 W IND,004P. FT/SEC SWIWO SV (LOCI

SI UI V(( COMP PILL tO AIR.BOU V AXES F T / S f C  IVELOCI SVELOC2
S&L F SET

5, VI VEL CGPPP PILL TO AIW,SOL), AXES FT/SEC 5V~ L~OC1 SVELOC2
SALPIET

*0 Iii VEL COMP PIL L. 15 AIR,SODV AXES iT/SEC SVILOCI SVELOCZ
S AL F S I T

*1 SAMMAN FL IGH T PA IN AN GL LICL IMS N*OIaP4S SPATH SPAT H

*2 GAMM A LI V L i1)p’T P *FP4 ANGLL,CLZMS DEGREES SPAIN

*3 P514W FLIG HT PATH ANGI.E,TW A C K RAD IANS SPATH lOATH

*4 PS IRD FLIGHT Pats  *NOLI,TRALK DEGREES SPATS

AS Pd VELOCITY RELAT IVE TO GROUND FT/SEC SPATS SINIT
SPA TN

*6 4gM ? V ELOCITY RELATIVE TO SMOU’.D KNOTS SPAT S
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D

PIP~~S m IC SMOIR IQt ~~s NAN I. ?5 PAGI P

ILI NINY PIRISAN SIIANYI,,  111.CRIP,IIP. UNITS CALC U LAT(S) U$ID
RI. RANG IN IN

• •1 N’ ISTAL sIR ~P5%9 P I.’55 c 1~ 115(1 liNt?
IPELICS

45 VII? II?*~ AI R •PIED ..NFYI IPILOCF

4• VUI IGUIVALIN I  at .  SPEED P ? / U C  INILIC2 IVILIC?

F j  V I&S~~’ IGUINELENI IIR SPIED INSTI SPILOCS

I I  ROfYSIP  Sa I? .O INSI IV  R A L I G I  SYILOCS 5)1.11
Sv(LICD

‘ ‘~~ A IR D I N S I P Y  S L UG , FT J  SV ILICS SMI LOC?

~) SPIOM O %OJ %~’ 5! ISUND • Y , S I C  S IL LO CS IV ILICF

74 INAcH MA C N  *UMIEI! IVILOC1 IAILSCE

Yb TINPIL A PIS YEM P N! SLIIINNU.I.I~ 1)4!) 1)50. 1. $11.1? SYILOC?
511.1?

1? P.455k A$Ml(NT PRESSUR E At 45A LENIL ~~~ IN F 5*1.11 Sv IL SCF
111.1?

IS OE’.A U~ N 5IY) N A I L S  l iNt !  IV I L O C ?

S Y S t E M  (UMNON — Wj *). VANIASLIS 54.) PS

NuMESIC 0405$ IL .N ~ *N 3. ’?,  W 4 5( S

ELEMENT IIN?RAM SUANP I? ? D5SCNIPIION UN ITS CALLI ** ?L O IJII~’
1451 MARl II. IN

S %N I N

Pp PINIIL CI~~S I ? V  A t  ISA L E V E L  s~~~G , It l  IL~’ I Y  IVILOCS
lINt ?

SQ SOIL IPSED OP SOUND A! III E%VEI  .1  SIC II~~I1 SYILOC?
l i N t ?

II NIPPON A?I.OSPN5 NLp. tINS R* IlS R4 I~~54 %!ILSL,
411.1?

55 P4(5514 N?P OIPMIRIL PRISSUN MI II !  ,4!’ ! l SwiLl ’ !
SIN I T

Si G R A T I S  .D t . S S I I C  ~5 N S I N Y  R A T I O  •. I. ’L~ IVELIL?

IV SPSNDR YPt .O  0~ bOI.INU NaIl S SIY Y5 SW ILOC !
S $N I?

II *44110 t Apl _ ’ .1. 5PI4~~ SF SO oNU ‘ RYIP  ~-~~5~~’~~P IV%!. OCF

S 0*4 051 •11 ~ ?~~ I*PP ~ t 4 ? .r SNESIURS ~N’ I.

I? PR A flI A~ • * T I( 5 Y 4 ? ? C , ? 5 ? 4 L  Phibi I

SI ?M.PWI P0(1 SIMIAN S T A t I C  NII!P(NA ?UR I t~tO.  N S.IL’C?

II NU ATLI AO IASITI( •?A TIC ,?0?*L TINy S~ sp. TCP S.ILOCS



98 Appendix D

/

SY S N E P’  CCP IMG . • NEA L V A R I A D L E S  I5•3°7’

NUMERIC SPIDER l1. 43 MAR *3. 79 PAGE 5

ELEMENT FOR TRA N Q U A NT I T Y  1) ISCWIP?ION UNITS CALCULAT ED USED
NO. NAME IN IN

V0

VI UELV * INTEG . ST~ p LENOTH Nb. 5 SECS USER INITIAL

~~ PRa~ (tj ~~~~~ TI PPIiLOMP S MS(C USER INITIAL
S WIND

94 tIME lIME SEC OER ’TIVL

VS DEL?? INTEl. . bTtp LENUT ~ Nt. 2 SECS USER IN iT I A L

Vs FRAME?? 4RAME TIP’k.LOOP S PISEC USER INITIAl.

4?

95 ZCI. Z C.) ... LO CATI ON USER 5 14411

~~ XCSWIF N LOCATI ON OF REP PT USES SINIT

*1.9 SCGKIF 1 LO CATIO N OF NIP P? USER SI NIT

101 USC). 015? OF L..).. AME A D liP P.N.L .  SIN IT ST y

11.2 OZC U 01st OF C.t,. RELOW PI.N.L. SIN IT

51.3 SPAN WIN). 5PAN P T  USER SVELOC2

SYSTEM COMMON — REA P. VAPIA SLES I5.3~ 7I

NUMERIC ORDER 10:45 MAR I3.’79 PAGE 11.

ELEMENT FORTRAN QUANTITY DESCRIPTION UNITS CALCULATIL) USED
NO . NAME iN IN

S I N I T

*04 ALTA IL TAIL ANN FMOM N.R.C. FT USER

104 SNAIL YA IL PLANE AREA P12 USES

10* buR(F W ING REFERENCE AREA PT? USER SVELOC?
SINI?

107 CR [F REFERENCE CHORD FT USIR SVELOC2
STy

*05 502 SWREF.SPAN.SPAN FT4 SINIT SVELGC2

51)5 50 ~ LOC OF •ILOT PIlL TO REI CG FT USER STY

ISO 3P £ LOC OF PILOT NIL TO NEFCU PT USER

III A LFA R ANGLE OF aTTA CII RADIANS SALFIE? SALFSET

IS? *LFAO ANGLE OF at tack DEGREES SALFa CT

113 SITAR ANGLE OF SIOESS.IP HAUIA1IS SALFBET SALFSET

51* SITAD ANGLE OF SIQESLIP DEGREES SAI.PSET

£15

55 *  SALFA SINE SF ALP A SALFIE?

008



Appendix D

SYSTEM COMMON — REAl. VANIASLES )5.3. S

NUMERIC ORDER lQ:,s MAR &3a ’7~ PAG E 11
ELEMENT FORTRAN QUANT IVY DiSCRIPTION UNITS CALCULATED USEDNO. NAM( IN

II? CALFa COO OF A5.P~ SAL FSET

itS SS(T A SINE OF SETA SALFSET

• 
*15 CSC TA COS OF *11* SALFSET

150 AI.FADST KATE OF ANGLE OF ATTAC K NADS,SEC SALFSET

151 S (TAOO T RA TE OF ANGLE OF IIOE SS.IP RADS/SEC OALFSET

155

123

*54 N~ FA HSV 0.5.R$O.VT SVELOC? SVELOCS

F Ill SOYN DYNAMIC PRESSURE LW/PT? SVELOC2 IVELOC?

*5* ODYNS QOYN.IWREF LW SVEI.OCR SVELOC2

157 OSCRIF QDYN SSCW LP P.S.FT 5V15.0C2

IES IISPAN ROYP.S.SPAN LS.FT SVELOCF

155 QSO?1~ MLFWHOVSSIZ $VLLOC?

ISO

SYSTEM COMMON • REAL VARIASLIS 15.3•75

NUMERIC ORDER io:es MAN 13.’75 PAGE 52

ELEMENT FORTRAN QUA NTITY DESCRIPTION UNITS CALCULATED USED
NO. NAME IN IN

131 *LL.TOT TOTAL MOMINT,00I.L,IODY AXES LGHFT USER SACCROT

135 XIRNTST TOT AL MORENTgPITCIS,500Y AXIS LS FT USER SACCROT

133 *NNTOV TOTAL MOMEPIT,YAPI,500Y *1(5 LS FT USER SACCOOT

*34 01* TOTAL FORCE CORP. IN SOOT AX ES LW USER SA CCLI N
S AC CS 00

135 OT T TOTAL FORCE CORP. IN SOD! AX ES L5 USER SACCLIN
SACCSOO

*3* Ftz TOTAL. FORCE COM ’. IN 501)! AX ES LS USER SA CCLLN
S AC CS 00

• 
* 3? Ftp TOTAL FORCE COPIP IN EARTN AXES L8 SACCLIN SACCI.IPI

135 F?( TOTAL. FORCE COMP IN LAFI T PI AXES LS SACCLIP. SACCI.IN

*35 FYD TOTAL FORCE CORP IN EANTS AXES LI SaCCL IN SECCI.LN

*40

141 KAOtOQ CONVINSION RADIANS TO DEGREES CONSTANT SIYIIT SOCOS
SPATS
SALF SET
S EULER

008
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100 Appendix D

SYST IPI COMMON — NEIL VAR IA b L ES 15 .3 •70

NUMERIC ORDER 10 45 MAR %3, 7~ PAGE I)

ELEMENT FOISIRAN QUANTITY 05~ CRIPTION UNITS CALCULATED USED
NO. NAME IN IN

SILl
SINIT

leS 0(STOM GONWERSION DEGREES TO NA DIAN S CONSt* 1.T SINIT OILS
SINIT

~ej FaSTs! COpvIR SIO N FT/SIC TO KNOT) CONSTANT SINIT SV(LOCS
SPAIN

~eI IR?FPS CONV(RIION kNOTS TO Ft .•SEC CO NSTA NT S INIT SWI ND
STy
51N11

t.4 S A CCELE RATION DUE TO G R AV I ? !  CONSTANT SINIT SACCLI N
SINIT

ISA ~~ RECIPROCAL OF G SHVIT SACCSOD

IS?

IA.

IAS ~ I POS ITION OF C.G. FT DEN TIVE Sty
OILS

ISO T POSITION OF C.G. PT DEN’ TIVE $Ty
SILS

p MEIGHt OF P.O FT DER tIVE SatMOS

SY)?IM LOTMUN • NEAL V*RIAoL (S 5.3.75

NUM ERIC ORDER SLISO MA N 13, 175 PA ~~E IV

(LEMIPIT FORTRAN UUANTITV U1)CRIPTION UNITS CALCULATEO USE’)
NO. MAINE I~ IN

SVEI.OC?
ST y
IlLS
541 Nt)

*52 XIV * POSItION FRN IV IT STV 51w

*53 Y N V  V POSITION FOR IV pp STV Sty

tOe HIP MEZU~ T POd TV Ft SIV STY

155 *DTV * VELOCiTy FOR IV F T / S IC

*5* I DlY V VELOC ITY FOR TV P115CC STV

IS? NDIV N VELOCITY FaR IV PY/Ste STV

ISO *OO T PI RITE OF CHANG E Of A/C ’s I SOS!. + 1 /SEC •V V  UER’T IV E
474

ISP SIHI CONTROL V III FOR S INTIU..ATION Sty 0(R T*VE

III) *INY CONTROL VAR FOR V IP.TEISAIION STV OIR’ILVE

3*1 IXPL. NEAR •jLT JSIN POS)AN1. LINIT IT STY STy

*12 SPIM IN N EA R  WEL T .gOIN NIOPAP.D LI MIT FT STY OTV

5*3 SWO uS CYCLE LIMIT FT STy Sty

008
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Appendix D 101

STStE ~ L SOMI’s • 14* 44 VAR IAb L ES 11.3.15

NUMERIC INDIA Is:s) N4W Ii.’PO PAul I)

ELEMENT FO RTRAN QUAN T Ity II1 CR IP PION OIl?)  CA LCL4 LA?EI ) USED
NO. NA R( IN 51.

ISV SININUS L,CLI 45N I I T  SIN III

5*. S?PL L IM I T  V O W  SILE IAVIIPeS ITI .h I V T  SIN STI

15* SNIPIN L IM IT  P ITA . I D I NA I L I N SA T I . I l II S ? V  SIN

IS? NT,p..IR CEI L I NG *140 N,IWM I L IM It V T  STN

IS IOTNI b~1. RATE P t, Ss C S I N  S I N

lAS bONIeST SNIe SPI S U  SI UVI W S I N

h o

IFS 145 1.4101 5~ O ..j 5 N0014 Dhl.WII) SILO

liE ELOC LIICALISLI •NWOR US1.RIIS OILS

I P J  NSP.SPE MT OP 144 v EIN A t  SIll!. 151.01 II SILO W I N I T
SI).)

11’ WUS RA N t IN OM 1 4 0  I~~A ’ . ) /’ I I T l N  I ?  SIL) S ILS

I?) RISC NaN .I INU’l LIN C I NA N E P I I T E .  V T  O I L S  5 5 ) .)

IFS Ns INN R A N 1  INON $1 111 III... V T  IlLs SIL l

* 1 ?  10$ 1.1101 SLU’S IIRIUIN P T  SILO SIL l

SISTIM COMMO N • NEAL NAR IA WLIO %5.3.75

NUMER IC ORUER I Q I A S  NAN hJ.~~7’ PAI% II

(LIMIt,? FOR tRAN QUANTITY Di.CRIPTION UNIt) CALCULITLI ’  USE).)
NO. NAME IN IN

I S  *S.OC LOCAL 1SLR ORIOIR I V )  P T  SIt S SILS

515 VLSI LOCILI$EN ORIGIN IV F ?  OILS 511)

550 555 SLIDE S~~~~E O (NSITIVITV DEUREIS SILO SILO

555 SL.SC LOCALISIR INSITIV I?, DEGREES SItS OILS

IS. NM 1NO Mc ION! 5~ •(A5 R ING IT  S ILO S I L O

Si SON ORI SLOPE OP LONE R SIAN DEGREES OILS SILO

IS A 1)51001 SLOPE OF uPPER SIAM DEGREES SILO SILO

5$ IsI NS POSIT ION Of SCAR NINA P T  OILS SII.5

SI 11 55 NAOTOD,105 SILO SIt S

IS? CILSO RAOTOQ,SL OI. SILO AILS

ISO CILS3 T AN SOLOP E SILO SILO

ISO CIt Oe ?SNIUSL OPE,.CILSX SILO SILS

ISO

151 S (TAO IC INUIA L VA LU E OP ILTA USORIES 1CFILL S1SIT

8

_ _ _ _ _ _ _ _ _ _ _ _  
_



102 Appendix D

SYSTEM COM MO N • REAL VAR IASL (O 15.3.75

NUMER IC ORDER hOle) RAW I)a 75 PAS ( 17

ILENINT FORTRA N QUA RT I~~Y DES CRIPTIO N UNITS CALCULATED USED
NO. NAME IN IN

lOS LIPIDIC INITIAL VALUE OF LIF? DEGREES ICF ILl SINIT

lOS SAPIPIC INITIAL VALUE OF OA$I’A OISREI$ ZCP *LE SIRIT

154 VATIC INITIAL. A IM SPIED kNOTS ICFILE SINIT

54 XII IN ITIAL POS ITION F? ICFI LE lIMIT
INITI AL
S T Y

154 VIC INITIAL POSITION FT ICFILE INIT IAL

IS? NIç INITIAL POSITiON FT ICI ILl OIPII T
SWI MS)

INITIAL

ISO P A IRCRAFT uEIO$T P.S ICP ILL SINIT
SLCCSOD

I~ S I~ Q 1 v.5. LOCATION IN R* NCNA PT ICFILE ODPIT

Sue AlI SPLIS ILOFL AS 3.p REAL• P0MM ICF ILE INITI AL

101 *1510 ISHR IN ‘NE AL’ FORM 1CF ILE INITIAL

202 VwR T O DATUM p 3N1j SPEED KNOTS ICF ILE SINIT —

SYOTIR COMMON • REAL VA R1A S L E$ 13.3.71

NUMERIC ORDER 10 5) MAR *3. 75 PAGE II

ELEMENT FORTRAN QUANTITY D1SCRIPtIOM UNI!$ CALCULATED USE D
NO. RAPIS IN IN

103 P5~ wO DATUM w~ M~ OIREC?ION DEGREES ICO ILl SINIT

SOS PSIDIC INITIAL VALUE OF PSI DEGREES ICFILC INITIAL
5 INI I

501 R~ C~S SPA RE

20* W~ c~~ SPAR E

SD? NICIP SPARE

200 R I d s  SPARC

205 RIC55 SPARE

510 RId e SPARE

III V*NIC lNlT OR OU NU SPIED COR P TITONTNT FT/SIC SIN IT INIT IAL
SINIT

SI? VNIIC IN*7 $*5U pD SPEED CORP LAS T) PT/SEC SINIT INITIAL
SINIT

5*1 VSDIC lillY 5001)141) SPEED CORP b ONN , FT/OEC SINIT IN ITIAL
SINIT

its PNIDIC INITIAL VALU E OF P511 DEGREES SZNLT INITIAL

008



Appendix D 103

SYSTEM COMMO N • NEAL VARIAS LIS *5•3•?.

NUMERIC ORDER • 50545 MAR l3,~~?5 P
~ OE 15

ELEMENT ISRIRAN QUANTITY DESCRIPTION UNITS CALCULATED USED
NO. NAME IN IN

i l l  INITAG IC INITIAL VALUE OF THETA 0100115 SINIT INITIAL

51*

SI? Nil CS..P. OF TRUE A IR SPI Et) INO RTM PT/S E C SVELOCI OVIL.SCI

ill VI CONP. OF 1)01 AIM SPIEQ E A S T I  F T / S E C  SVEL OC I SIL L. OC I

SI~ VD CONP . OF tRUE A iR SPIE0II)OP’l , IT/SIC SVELOCI SVILOCI

220 ‘Old J’.1TIAL ANSULAR MATE RADS/SI C lIMIT INITIAL

ill SDIC IN ITIAL A N G U LA R  RATE $100/SEC OIMIT INITIAL

255 NOIC INITIAL. ANGULAR RATE NADO/O(ç SINIT IN ITIAL

551 VNDI.D WINO VILOCITY IDOIN ILT MIlls? FT/SEC SWIM) SWING

55. CPO Iw COSIPSINII I SINIT S IND
01141 1

ASS SPS~ p SIt,,PSI.D , SIN IT SUIND
OINI T

iSA V Wt4~~O WIND VELOCIT Y INONTM,A T NEIGM t FT/SE C SINIT OW ING
4INIT

527 4.11.0 WINO yLIO C IIY IEA S T ,A T MEIWHt IT/SIC SINIT

SISTET, P.011)0. • Sp A L VA RIAbLE S 1S~ J 7 I

1.UP’EN*L ORDER I1.;’3 M A W  13. 75 PAUL /0

ELI.TME*’F FONTNAN QUANT ITY 01)CNIPTIG, . UNITS CALCULATLO USED
NO. 411,1 I~. I!.

SINI T

ISA SHNPAC SW I ll. F A C T O R  l INEA R l IMI T
N))

ES) V NNL M11) •INS LUMP NT a ( IT . H T P M I M T  P T  S IC O.l!.U o W l  •D

130 VNEL “FAN .I.U LONP A l  N&IUP. T )p .Agt ) 
~~ ‘SIC 5.I~14) 5.11.0

23* VwD L ‘p- i. .. .~~.U 1~ p.P AT Ht1(J$T))U.1.~ PT/S IC SPIN). SW IM )

535 UTUN5 COMPONENT NP TUNSQ1IP.CL I T / S I C  SW I ND SW I M )

5)1 blU RS L PNrPON(NT OF TUNSULENLE P1,5CC SPINS) SWIM).

2.4 5 PTU RS COMPONENT OF TURSULINCI IT/SIC SWl’~U ,~ MU

Si) LAIG NM$ OF TURWULENCI FT / S E C  USER

23* 40 10 $155 ØF ?U$,QLCNCL F!/SE C USER

~3? PSIII PINS OF TUNPULENCI IT/SEC USER SoI.D

535 V*NDO T ACCELERATI ON IN EARTH A O L ) PT/SIC? SAI CL IP. 1 L W ’ t I V L

535 4511)0? ACCEI.*NAT ION IN EANTN AILS PT / N E C ?  SACCL I N 1414 T lvi

I 
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5 IIMPOL AS. TIMe A? SI.I0?A NDA NI) DA T ) 015. 1 l IMIT Sv1~ eCS
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SYSTEM COMM ON — REAL VAR IAB LES $5.3.70

I4PNASET IC ORDE R *015)  MAN lJ. ’7) PAGE 10

ILIMIIAT FONT WA N QUANTITY DESCR IPTION UNITS CALCULATIP USED
NO, NAME iN IV

SINIT

~ T.4EIAD PITCH A tTITUDE OEIN(EO 51)105

5*5 THE VA OI C INITIAL VA l UE OF THETA DEGREES SINIT INITIAL

• I THETIS PITCH ATTITUDE RADIANS D (H’TIVE SOlOS

3Q THITDT ATTITUO L wAY(.PITCH MAD/SEC SEULL0 STV
DI44~ TI V E

s TIME TIME SEC DER’T I V E

89 10*110 ADIA IAT IC STATIC/TOTAL TEMP SVI L OCS OVEL OC S

isO TVCSV .II.II AllAY OF CONSTANTS VON TN BELT 5T V ST Y

ill TvCOVIS,3) ARRAY OF CONSTANTS POW TV bELT ITS STy

OS UI VEL COHP NIL TO 110.100? A*(5 FT/SEC SCELOC I OVELOC S
51$. FOCI

530 DOll? NH5 OF TUN5U L ENCE IT / S EC  USER 01150

lBS UI4.OPE SLOPE 01 upPE’ SEAM DEGREES OILS OILS

~~~ UTUVI (OMPONINT OF IUI4BULLP.4.E IT / S E C  SWIP4 D 111140

05 50 NIL COMP 1414 TO A IRa100! ISIS IT /S (C  OV E I OCI RV( L0CS

SYITEM COPI PID . • V I AL VARIIGI.E5 ~).3.7l

ALPIHABETIC 050(1 10:4) MA N I3.~~79 PA~~~ *o
LLE~ &NT FORTRAN QUANTITY D1SCRIPTION UNITS CALCULATED USED
NO. NAME IN IN

bALI BET

2*9 5)) COMM. OP TRUE AIR SPELDII )UANI FT/SEC SV4.l_CCI OVELOC)

SI) VI CRp,p, OF TRUE *1W 004.4.041*511 PT / S E C  OV4.$ .0C 1 EV ELOCI

A) YEAS EQUIVALENT A IR )P(EQ Pt/SEC SVELOCS SVELOCS

70 VL ASK T EQUIVALENT AI R SPEED KNOTS SVELOC2

~~ VIE VELOCIT y RELATIVE TO 1.500144) PT/SEC SPATH SINIT
60* TM

OS VIED V ELOCITY ILL TO ONOUNO.OOpN ~ TISEC DEN.TIYE SVEL0C I
SPA TM

• STY

SAD 50000! ACCILERA I $0P4 IN EARTH AOL ) P T/S IC? OACCL IN O ( R ’T I V (

SI) VIEDI C INIT OR0UM) SPEED COMe T O G A S )  P T / S E C  SINS ? INITIAL
SI N I T

I
53 VIII V EL OC ITY NIL TO ONOUND,E*)T FT/S E C OLK~~1IV( SV(LOC1

SPA TM
OTV

Sfl V IEDOT A CCELERATION IN EANT IP *515 FT/5j15 SAICLIN DER’TIV (

2*2 VRI1C INIT GROUND SPEED COMM 51*)?) FT/S4~C SI N S? *5111*).

3
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SYST EM COMMON • SEAL VAR IABLES ~0.).1u

ALPMA BITIC SRDIR $0 140 N A N  I3. 70 PASO II

ELEMENT 01010114 QUANT ITY DESCRIPTION UNITS CALCULATED USED
NOT NAME 14. IN

011411

55 SNOT VILSCITV R E L A T I V E  TI SNOUNU IiNOTS SPAIN

Si VO N VILOCITT NIL TO INOUP.U.NONTW FT/SI C DEW ~ TlVE SVLLI C S
S PA TN
STV

5)5 VRMDOT A CC E LE RAT ION IN EA RT H A IL S F ?  SIC? SAC CLIH DEN~ TI VI

51$ S*N~ C INIT 0)00,4) SPEED COOP )P,ONTM) P T / O l d  SINIT INIIIAL
S 11411

ISA V * ? lC  INITIAL 1 1W  SPEED AN OT S ICP IL( 511411
SW ING

SI? SN CORP. OF TWIll AIR SPIEI4IP.ON Y IV I I T / S I C  BV ELOC I )V ELSCI

IS) VINIeR? O atS SPELl? IT 051)4 515

0)5 51111 0145 OF TURB ULENCE 11,55 1 USER Su ING

-- - ~ P S T T OT AL AIR IPELO P T~~S$( 5514.0(5 OIIIIT
S VE L ICS

BA 515? iOTA). All) 00110 P P4OTO OVLLOC S

5)) VTUWS COMPOMENT SF TUNOUL (P.P.E F?,SI C S.ING OWING

SYSTEM COMMO N • NE AL V A R I A B L E S  IO.3~~7R

1$.PINASITIC 0*05* III’) MIII IJ.~~1I 011*1 IS

ILETMENY FORTRAN QUINT2TY O1OCRIPTION lIMIT) CaLCULATID USED
NO. NAME IN IN

07 VU D V E L O C I T Y  00 WINOpDOI.l. PT / S I C  5111140 OV EL ICI

53$ 5104. MIAN RIND COlIC A l NI$SNtll)GWN) PT/ SE C SWI NG 015140

554 VuDLO SING V I L O C I V Y I O O W N I A T  MEISMI Pt/ S EC SW ING 0,1140

55 55( 55$.OCITY OP WITAD,EI0T PT/Ill SUING OV ELOCS

*30 V.14 p1114 WINO LOM P A? H (IOHTI (AST I FT/SIC SWING SWING

5?? SW ILO B5ND V E LO CITY T E A S T I A T  HEIGHT FT/S IC SINIT SWING
SIl4I?

*1)5 SNOTO 0114)14 SING SPill) kNOTS ICO ILl SIN IT

SI YIN VELOCITY Os WINO.Nil.T PI fl/lit SWI NG SV ILIC$ -
550 VINL M EAN WINO CIM’ AT MEISNTIP.TNI P 1/5(1 SUING 511140

SIB YINLO 55MG V (LSCI?, IN IRTHIAT MElON ? F?/$E C SINS? SWING
0114*?

IS S A IRCRAFT WIIINT IS ICF IL I 1151?
- SACC000

50 IS V~~ teMP MEL Ti 110.550 ? 155$ P1/SE C SVIl.5tI $VILSCE
)ALFS IT

008 
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SY S T E M  COMMO N — WE AL N INIAWLES 55 .3.75

ALPIIASIIIC SODE S 1014$ MAR I3. PT 01141 II

IEE~~I4.? FS NT OA N QUANT IT S OESCRIPTISV. UNITS CALLULAT ID USE))
N O.  14*141 IN II.

13? 50511 WN5 Or TUISSULENCI PI,W (C USER SuING

535 1114)05 LORPOP.INT ~F TU14OUL ENCE P T # 5 ( C  0.150 SWING

ISO ~ A POSITION IF C.1*. IT OIN TIVA. El~
SILO

00? 05 COONDINAT ES OF SLIP PALL IA Y I I  II LSSN 1 1 d b ) )

ISO 5? CIØOQINIT ES OF I? TMIIER A)jI F! 1)54W IEC$.S00

*04 ~~ (SON)). CI ICCELINOPIETIN lAS)) I I  0*1’) 5*14.501)

5.5 54 (leND . OS ACC (I..E0OIIIILI* 11544 V I  4.S~~l SACCIIO

5.0 50 (POND. OP ACCILENOIVIIIN 1155 4 II USER

110 1(4 1 C.f.. LOCA ?ION IN 11111. WAI T ICF LII 01141?

SI ICsRIF * LO (AT 1014 OP ‘III PT USEII 511414

lBS BOOTH RA TE OF 1.111401 0’ V.4 ’S * l’P)~. ~~T ,$5~~ 11* LLI4 T III
5 % .

55 101145 OLI W R A T E  I T  ~~~ s~~.

lbS ~0IW S SI lOCI T . FON ?s SIN

SYSTEM COM MO N — SEAL SI*2IOLE0 IS)~~’S

AL PHAS E ?IC 00010 10:1) MAR 13. 15 014)1 14)

ELEMENT FORIRAS Q UANTITY Q1SC R IPTIOV. UNITS CALCULI? tO USE))
Psi. NAME IN IN

177 1130 SLIDE 14.011 00 511 114 V T  SILO SILO

IS SIC 11451514. 0~~ 11I0M P T  IC~ ILt S I N IT
IN$TI AL
STI

SPA SICF 15111 STONE FOR lId IT  5T 5 IT s

~S0 SI Wi CONTROl. SAJa FOR 5 INIESM&?leN IYY

loG 1I~~Y CONTROL V A N  FOR Y I4.TLSRITI0I. 51V O(R T IV E

500 SIL IFLA S IL$PL IS I~ ‘REAL ’ FORM ICFILI IN I?IAL

5131 l5$HO 151.0 IN ‘NjAL ’ FIlls III II INITIAL

Al ~ Il NOMIN? Of IP4RTII.ROLL 54.00 FT5 USE R lIMIT

AS MIS ~SMIhT 01 I l.ISTIA,P11CN 54.4)5 FIB USER $1141?

U 00 lIZ M OMENT OF 1NIO?IAIY1S 04.4)0 FTI USE R 0 1141 ?

SI 5150 ~OME~~T OF INIRTII,P000UCT SLUS PT? USE R 111411

154 5O5?PS CONVE RSIO N k NOTS TI P T / S E C  C O N S T A N T  011.11 SuING
ST.
$11411

08
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116 Appendix U

SYSTEM COM MO N • REA L V IR IA OLI S 55.3.70

AEPWA II?IC 50000 b IAS MAR I3.’PO PAIl 51

5~ 5M55T FIS?SAW SUANT ITI Oi5CRIPTESN UN ITS CALC ULA TED US(D
WI. NAME IN IV,

5$ SIINO Pu ll II’, 00 SIAN Ill’s PT SIl l SILl

53$ 51 4. VI? 11114. NOM%NT.ROLL,IIO Y A lES LI—Fl USER SA CCO OT

$15 SLIt LOCALISIS OOISIN 5 )  F T  S I L O  OI L S

5114 ‘LIII). TAI L AR M FWSM M .W .C . FT IJSE R

~O 5)41CM MACH NUMSEW OVE LOC S SV (LICS

5 A MA SS A I RCRAFT MASS SLUS OINIT SINIT

134 •MMT PT lOYAL MOMINT.P IIC$ .000Y ARES L0MO1 USIA SAC CROT

I?) INS TIl ?S?IL MIM5R?,TA N.010Y ARES lP.FT USI A OA CCRIT

lOS 50 I LOt IF PILOT O5L TI W EF C1* PT USIR STY

ISO IPC$ l~ 0C OP PILOT RE). TO CS STI SIN
S AC CS 00

40? 015 I PO5I7IS.i 100 IV FT STV STa

IOU Y V POSITION OF C S .  Ii DER ITIV I STY
SILO

115 55 COORDINATES OF SLIP SAIL 111$) P1 USER )*CCWOD

SYSTEM COMMO N • NE IL V A R I A B L E S  IS•3•’S

ALPNASITIC ORDER lOSA l MAR I3.’~~ PAGE 55

ELEM ENT ‘INTRA N O UANT 5 T V  DESCRIPTION UNITS CALCULATIG USED
NI. NAME IN IN

iel 55 COORDINAT E, OF II METER )A55 ) FT USER OACCSOO

505 VI dOOR)) . OF ICCELEROMITLII IA IJI FT USER SICCIOD

50? TA C~ CRp. OP ACCELEO O HE TLO l A V A ) P~ USER SaCCIOD

570 5$ COORD . II 1CC14.E ROPILT LO 055 ) FT USER 5ICC)O0

505 Y A O C I I I  A RRAY IF OE SCILED INPUTS SlOt USE R

ASS TAD C ISA ) AORA T IF UESCALED INPUTS Slot US(R

Is YOT Y S YLLICIT ! FOR IV FT/SEC SIN

ID SIC INITIAL POSITION FT Id III INITIAL

111 5151 LOC A L 111W OR IOIN Ill FT SILO OILS

IS) SlY S 0051511, FIR TV FT 515 ISV

DO 5$ CIIOOINATEO OF SLIP SA*.4. III) FT USER OACCSOO

Dl 5? C0000INATES Sf 5 MITER alt) PT USER SACCSID

lBS 5) C5000. IF ACCELIROMI TIO A))) PT 0015 SACCSID

loS LA Cello. IF ICC (LIOOM ITIR AlA ) IT USER IACCSIO

008
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SYS T EIS COM MO N • NEIL VAR IAS L IS I$.3~~7S

I).P$AOS lIt SlOA N I0 115 MAR 13. 70 PlOt Si

ELEME NT F $WIRAN •UAT.I IT, D5SCO5PTION UNITS CALCULATED USE D
NI, NAME IN IN

1~ I iS (0000 . OP ACVII.EOIIV ETEM 15$ ) PT  USER SA CCIOD

SI 5(5 5 ~.Q. LO(ATISV. USER S IM IT

51)0 5(50EV 5 LOCATIO N If RIP PT USER 51)411

I S O  i~ S LOt 11 ,14.0? OiL TI REId,) FT USER ITS

155 ZPCI S ~sc OF VILOT RE). 10 dO SIN ITs
BACCIOI,
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~pp.ndiz E

tNDEX TO SYSTEM COMW)N, INTEGER VARIABLES

E . l  N~~ eric order
SYSTEM COMMON • lhIlTlE R VAWI15LI$ IB.03.,S

NUMER IC ORDER IGlOO MAW $3. 75 PAGE

ILITMER? FORTRAN QUARTS?! DESCRIPTION UNITS CALCULATED VIED
RI, 141,55 IN IN

5 OISI 5(4.1(1 AIMOSPIVINE V1NIATIOI. USIA IVELOC,
SINIT

5 NCPA IS COUNT Of ‘*5115 ?RR O 0E0.TIVE INITIAL DER’TIVI
SC 04)1. 1

3 N~PASS COUNT OF .15510 II 51)1? 1141(4 INITIA L 0(O’IIVI

A ILSFLO SELECTS IL, I(ITM)SIE •IL$P4,.O, IN ITIAL OILS

O ISNO WIND $M5AN S~ APLIIIt Ills’)
, INITIAL SWING

SIN IT

S ISYS UNIT NO los, 5,5)1,~ CNAP.TM S USER SlICe”

7 M TVS TV SILl SELECT USE R STY

S ~JCIRP INIT IILIOA IISN CSMPLE II P L A S  ICOUN T SILO
STY
SW 5)40

O NUMO NO. OF (TICS TI SI SE T IWON ‘A ’ USER ODAC

ID NUM V NO.01 VIOIUACO II SIT IRON ‘A ’ USER OD AC

II NOACII) PO INTER TO VA OI A S I.1 FOR DIC I uSIR SOAC

•s.~~•.U0 NOTE MI55INI CLEMENT NUMS IRS .....

SYSTEM COMMON • 51411015 VARIASL ES 15.03.75

NUMERIC SMIlER lOTSU MAR 53~~’7$ P141 5

ILEMINI FORTRAN QUANTITY DESCR IPTION UNITS CALCULATED USED
105. NAME Ill IN

•.S..I•S NIh MISOINS ELEMENT PAJMSEOS ..•..

PA NOICIOS ) POINTER to YARIASLE VON GAL 55 uS4R 501C

7~ ROADC VERSION 11) • ROUTINE $AOC SA DC

75 lOGIC VERSION lo — ROUT 5141 SCAt Sold

7? KDSCRT I YCOSISA I,) • ROUTINE O SCWT I  OSCOT I

PS IDSCRT1 V ERSION II) • ROUTINE USCOT? 00(011

PS 51505C R 5 (RS5ON 11* • ROUTINE 5505CR 5SOSCR

00

SI NADCII)  ARRA Y IF SOC CHANNEL NUMBERS USER SIOC

••~•S•” V.ITC M ISSINI ELIM(NT NUMSIRS

ISA NAOCIOA I ARRAY IF b C  CHANNEL NUMSEWS USER Slot

I’S

IS.

lS~

008
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SYSTEM LOMMON — INT LUL R V A W I A P L ( 5 11.03.71

P.U,’EWI L ORDER lD S) MA N  li. ’75 PAGE 3

ELEMENT FORTRAN QUANTITY DESCRIPTION UNITS CALCULATED USED
NIl .  MA PlE IN Il.

INS LSILS dONT ReE.S LIECUT ION OF SILO USER O ILS

lAS

140 I AD VOL CONT ROL ~ EA C C uT  ION OF WIALISER USER DSCNT I
OSCA T7

101 IS L RI ) AD. SENSE LINE I REAOOLL ~S(R

.....•.• NOTE MISSING £LEM1NI NUNSERS .....

III ISL OUST ADA SENSE LINE 51 REAOILR USER

557 NO SCALE FACTOR IN NOUSTS USER 015140

III LSEED LOOTWOL S ‘IN NOOM NURSER SEED USER SwI~~D

1s0 NOUN CURRENT NUN NO. FROM 5114.505 5(0111.1

1711 IAOAC L CONTWOL I LIECUTION OF IETCLR USER DSCRTI
DSC’)T7

Ill ICLRII ) AØ~ CONTROL L INE I USER S ETC L N

•.•UUNU• MOTE MISSING ELEMENT NUMBERS •....

155 ICLR )l5) A()A CONTROL LINE 10 USER SETCLR

SYSTEM COMMON — INTEGER VA N IASLES 15.03.75

NUNENIC ORDER IGlOO MAR I3,’75 PAGE A

ELEMENT FORTRAN QUANT ITY UEICRIPTION UNITS CA LCULATE D V I E D
NO. NAME IN IN

Ill

IS.

IS’

ISO IOSCFL CONTROLS ESECUT ION OP 01505CR USER DSC*Tl
DSCR Ti

*51 11(1) P1501151.1 UI$CRLT E I TO SIGMA RLIOSCR 1505CM

•~~S•U5•I NOT E M ISSING ELEMENT NUMB ERS .....
55? IP J2 ) PATCHAS (.L VISCREIE 35 TO SIGMA RLIO5CR 1505CR

5SJ 105111 0101 SWITCH I TO 111)101 01105CR INITIAL
1501CR

........ NOTE MISSING ELEMENT TIUMOERS .....
lbs 505(3? )  DESk SNITCH 32 TO SIGMA REIDOCO 1100CR

550 SSACCSOO VERS ION Ij — ROUTINE SACCIOO SACCIOD

545 RSACC LIN VERSION 111 • ROUTINE SACLI.IIO SICCLI,.

247 Ii SACCOO T VERSION l~ — ROUTINE IACC’IOT SACCROT

8
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SY STEM COMMON • IIsT EIIER VAWIAS).(S 15.01.70

NUMERIC 00010 IGlOO ‘tAR I3.’7~ PAGE B

ELEMENT FORT RAN QUANT ITY O1SCOIPTION 1)1.115 CALCU4.A1~ D USED
NI. NAME II. 1’.

?~ I R5ALFSI T VERSION Iu — ROUTINE SAL FOET SALFOIT

(OS SICOUNT VERSION ID — ROUT INI SCGUNT SCOWI T

isu 550(05 VERSION lIP • ROUTIN E SOCOS 50(00

(II ASEULEW VERSION 54) — ROUTINE 0(4)1.10 5(4)1.10

isi 5511.5 VERSION lIP • ROUT INE IlLS SILO

isJ ISINIT VERSION ID • 004)? INC SIN IT SINIT

55A RSPITH VERSION II) — ROUTINE SPATs OPATH

555 RSTY YEPOIOPI SO • ROUTINE STy STV

555 SSVELSC I VERSION ID • ROUTINE SNELOC I SYLLOCI

5sF RSVLLOC S VERSION 10 — ROUTINE SNELOC? OVLLOC2

lBS ROWING ‘VERSION ID — ROUTINE OWIND OwING

leO 1555C 00 VERSION 10 • ROUTINE STSCOP’ SYOCO ,5

570 IPC OFL CONTROLS ESICUTION Of 01105CR USE R DIC’ITI
DOC’)T2

27* ICO II ) CHINIE OVEN I OUT OF SIGMA USER SETDSCW

SYSTEM COMMON — INTEGER VANI1ILLS 15.03.75

,.I3MENIC ORDER 50100 MAR I3.’7~ PAGE 5

ELEM ENT FORTRA PI QUANTITY Q1SCOIPTIOM UNITS CALCULATED VOID
NO. NAME IN 114

.S. .S•S•  NOTE MI SSINS ELEMENT NIJMOERS s y I SS

JO5 ICOI3SI CHINOE OVEN flOUT OF SIGM A USER 01505CR

503

IGS

300 LIDICII) DIC SOURCE PIINTERS,LI0PI USER SDICN

.5.5.55’ NOTE MISSING ELEMEN T NUMSERS .....
A SU LIDAC ) SOP Did SOURCE POINTIRS.LOOPI USER OOICN

30) LSDICIII PlC SOURCE POINTERO.LOOP2 USER SOACN

•..•SSS• NOTE MISSING CLEMENT NUMS(RS ....S

1400 LSOAC IASI DAC SOURCE POIPTTERS.L0GP5 1)01)4 OOACN

008
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Appendix E 12 1

E.2 Al phabetic order

SYSTEM ( O M M 7 N  • IAIEIIE W V A R I A S L E S  15.03.75

I1.PNAI(TIC 000(1 *4)15) ‘tAR IJ.’75 PAGE

E).E~’ENT FORTRAN QUANTITY DESCRIPTION UNITS CALCULATED USED
NO. NAME IN

174) I IOACL CONTROL S 1.ICUII0N Of ILTC LR USER D SC N T I
DSC OT2

100 IA DSOL CONTROLS 1pEC UT ION OF NLA 1)51.R USE R POCNIF
05CR

111 ICLR(%t AD. CONTROL LINE I USLR S (TCLR

155 ICI.R IB, ADA CONTROL LINE IS 1)01W SETCLR

511 ICO II) CRINGE SYil I OUT OF SIGM A USER SETDSCN

JO? ICO)3() CHANG E OV~ W 1201)5 OF 5105 1 uO(N SET0OCN

523 IDS,IP U~ 5s 5.1T(s I TO SIGMA RLAOSCO IN ITIAL
1001CR

SOS *05 )3?) DESk 55110’ 35 TO SIGMA M&ADS C W 1001CR

101 104(1 4. CONTR OLS EIECUT IOM Of W L A ~ 5CR USER DS C W T I
05CR 12

S ILOFLG S ELECTS ILY SEIM SEL 111.011.0) INITIAL OILS

131 S P I l l  PITCNASLE VISCRETE I TO BI,.MA 01100CR 1500CR

2(5 IPI3? ) PITCHAILE UISCREIL 35 TO SIGMA OLADSCR 1500CR

SYSTEM COMMON — Il.TEUER VAW IABLE S 10.03.71

.LPHABETIC 01010 *u :ao MAN I3, ’PS PAGE e

ELEMENT FORTRAN QUANTITY D1SCNIPTION UNITS CALCULAT (I) USED
NO. NAME IN IN

570 IPC OF L CONTROLS ISECUTION OF IETSIICR USER 0SCMT1
DSC RTS

I ISNO W IND SMEAR SNAPI)SEL SIOM’) IN ITIA L SRI~~D
SINIT

Ill IS%.Nli,  IDA SEN SE LINE * 0EADSI,0 USER

ISO IOLR ISI AD . SENSE LINE 15 REAOSLR USER

o ISYS UNIT NO FOR SYSTEM CHA NGES USER SY SCO M

• .TJCOMP INITIILISAY ION COMPLETE FLAG SCOUNT 511.5
S T Y
SNIND

7 7 SOOC RTI V ERSIO N Iv • ROUTINE DICRT I DSC RTI

70 RDSCRTS VERSION 14) • ROUTINE DIC RT2 OSCRT2

I 0I$A SELECT ATMOSPHERE VARIAT ION USER SVELOCI
SINIT

70 51100CR VERSION ID • ROUTINI 1000CR 1101CR

(OS S S*CCSO O VERSION 10 • ROUT INE SICC500 51(C500

555 SSACCLIN VERSION ID — OSUTINI SACCLIN SACCLIN
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122 Appendix E

SYSTEM COMMON — INTEGE R FIMIA ILES 15.03.75

ALPPTA 5ETIC ORDER iGlOO MAR *3. 70 PAGE 3

ELEMENT FORTRA N QUANTITY D55CRIPFION UNITS CALCULATED USED
NO. NAME IN IN

541 SSACCW0 T YCROION lv — ROUTINE SA CCWO T SICCROT

75 SOA OC VERS ION Iv — ROUTIN E SADC SA UC

550 P.SALF5ET VERSION l~ • ROUTI NE BALI S EY SALF0EI

545 I.SCOUNT VERSION ID — ROUTINE ICOVOT SCOUNT

lo SOO AC V E R S ION ID • ROUTINE SOAC OOAC

200 IISOCOS VERS ION 10 — ROUTINE SLICOS 60(00

201 ISEULER VERSION III — ROUTINE BEULER SEULER

502 OS ILS V ERSION 14) — ROUTINE OILS OILS

503 ISINIT V ERSION lv — ROUTINE 0101 1 SINIT

55. ASPATH VERSION Iv — ROUTINE SPATS SPATH

lBS ROTV V ERSION lO — ROUTINE STy STY

lob P.5VELOCI VERSION lv — ROUTINE SIELOCI SVELOCI

50, I.0VELOC5 VERSION l~ • ROUTINE EVELUC? SVLLOC2

205 RSWIHD VERSION ID — ROUTINE SAIP.D 5.100

SYSTEM C U)’~ f’ , — 1).TIUIN Y A N I A O L T . S 14.03.70

ALPHAbETIC OW0EI 10140 MAW 13. ’79 MAUI V

ELEMENT FORTRAN QUANT ITY D1SCRIPTION UNITS CALCULATED USED
NO. NAMI IN IN

205 OSYSCOJI VERSION ID — ROUTINE STSCIPPI SYOCOM

11)0 LIOIC )ll DAC SOURC E POINT ERS,LD0Pi USE’S SDACN

342 LIDAC IAS P DIC SOURCE POINTERS.LOOPI USER OOACN

~b3 L2DAC I1) DAC IOUWCE POINTIRO,LOCP2 USER SDACN

AG Q L2DAC )AI) OAC SOURCE POINIERS 9LOOP? USER SD*CN

105 LSEID CONTROLS RANDOM NUMbER S(EI1 USER SWING

lAS LS ILO CONTROLS EXECUTION OF OILS USER SILO

51 NAOC II ) ARRAY OF ADC CHANNEL NUMSENO USER OSOC

ISA NADC I0A I ARRAY OF IOC CHANNEL NUP)SEWS USER Slot

I NCPI5S COUNT OF PASSES 1500 DEN ’TIVE INITIAL DER’T IYE
SCO UN I

II NDAC I I I  POINTER To VIRIAS).E FOR DAC * USER SOAC

PA NDACIO. I POINTER he VAR IIOLE FOR DAC ~~ USER SOAC

*07 NØ SC ALE M A C T O O  IN NGUSTS USER SWIN0

I N IPA SS COUNT OF PASSES TO SUIT INTEG INITIAL EEM ’T IVE

008 

-- - .—— --— “- - -— - - _ _ _ _
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STOlES COMM ON • INTEGER VAWIASLES 10.03.71

AL PHISIIIC ORDER lD b0 MAN l3.~~P9 PAGE 5

ELEMENT FORTRAN QUANT ITY DESCRIPTION UNITS CALCULATED USEDNO. MIMI 5N IN

100 NOUN CURRENT RUN NO. FROM MA ILbO X SCOUNT

1 NYVS TV SILT SEL E C T  USE’S STY

~ NUMb F~O. OF OAtS TO SE SET FNOM ‘A USER Bolt

10 NUM V NR.OF VA RIUACO SE SIT lOO M PA , USER SPAC

3

L _ _  - - - . -- -- - 
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Appendix F

DESCRIPTION OF PROGRAN COMMLIST

F .l Introduction

The program COMMLIST produces an index to the variable names used in a large

labelled COMMON area. A data record is prepared on cards for each variable name,

giving a brief definition of the variable, its units and where it is calculated

and used. A collection of such cards (which may be held on a disc file) may be

sorted according to a number of criteria, of which the most important are alpha-

betic order of name and numeric order of element number.

For simulator purposes, two large COMMON areas are in current use, one

defining system variables which are the same from simulation to simulation, eg

height, speed and the other defining user variables which are entirely specific

to the particular aircraft being simulated.

F.2 Input data

F.2.1 Main data record

Column Purpose Length

I — 4 Element number 4 digits

5 — 16 Variable name 12 characters

18 — 47 Description 30 characters

49 — 58 Units 10 characters

60 — 67 Name of routine in which variable is calculated 8 characters

69 — 76 Name of routine in which variable is used 8 characters

78 Continuation indicator I character

blank = no continuation

C — continuation

In general, no field delimiters are required. However, it may help human

reading of data cards to insert a comma between fields. This is allowed, but is

optional. The element number should be right justified in its field. A minimum

of 2 data cards must be input.

F.2.2 Continuation cards

If the continuation indicator is set (C in column 78), the next card is read

for additional ‘used in’ subroutine names. The format of this continuation card

is up to 8 fields of 8 characters, separated by commas, a blank field signifying

the end of the list of subroutine names and a field containing Cbbbbbbb signi- 008

fying continuation on the next card. 
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F.3 Complete job deck

F.3.1 Original data on cards

!JOB SIM ,BARRY LIST COMMON VAR IABLES

!ATTEND

!COMMLIST
• Title card

Selection card

• Data cards

EOD

FIN

F. 3.2 Original data on disc file

It is assumed data cards have been copied to a file by :COPY
!JOB SIM,BARRY LIST COMMON VARIABLE S

ATTEND

!ASSIGN (F: IOO ,DC,RCOMMON )

CO!,NLIST

Title card

Selection card

Additional data cards (optional)

I EOD

FIN

F.3.3 Remarks

Note, in example section F.3.2 above, that although the main input file is

taken to be a disc file, data can still be read from the card reader in the same

run. This enables additional data cards to be added to and merged with the main

file, thus avoiding the need to recreate the main file for every small change in
0

data.

Note also that if original data is on cards only, as in example section F.3.1 ,

device 100 does not need to be assigned to the card reader.

IEOD is essential.

F.3.4 Title card

The 80 characters on this card are printed out as a heading on each page

of the output listing exactly as they appear on the card. This enables the user

)8 to identify the nature of the information being listed. If the contents of the

title card are centred on the card, they. will be centred on the listing page.

_ - --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _
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126 Appendix F

F.3.5 Selection of listing options

Options are specified on a selection card , containing up to 20 words of

4 characters. The options are

Abbb Alphabetic order of variable name

Dbbb Data listed as stored

Nbbb Numeric order according to element number

CbbbSSSSSSSS Lists all variables calculated in subroutine SSSSSSSS

-t UbbbSSSSSSSS Lists all variables used in subroutine SSSSSSSS

Xbbb Read next card for additional instructions.

The blanks (b = blank) are essential. There are no field separators.

As many options as desired may be specified. If they will not fit on one

selection card, continuation is indicated by the X option .

F.4 Output listing!

The output listing reproduces the input information spaced out for better

legibility. An extra column labelled ‘quantity ’ is left blank for the insertion

of mathematical symbols associated with the variable.

For the alphabetical option, all blank records (ie those with only an ele-

ment number) are ignored and not printed .

For the numeric option , a warning message is output when an unused element

number is encountered .

For options C and U the ‘calculated in’ or ‘used in’ columns are omitted ,

as appropriate.

In the early stages of building a COMMON list , it is worth including data

cards containing only an element number. These will be listed by the numeric

option and enable details of new variables to be written in on the listing.

Appendices D, E, G and H were produced by the COMMLIST program.

F.5 Arrays

It is recommended that the first and last elements of an array are included

as data items, in order to make it clear in the listings which items in the com-

plete list are genuinely unused. COMMLIST will handle arrays of more than one

dimension, provided that an element, eg X( 1 2 ,I0) can be fitted into the allowable

12 characters. If this recommendation is adopted , the user will find the warning

message ‘NOTE MISSING ELEMENT NUMBERS’ interspersed between the first and last 008

elements in the numeric order listing. 

- - -  -- ~~~
.--—

~~
- 
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F.b O~perational considerations

F.6.I Devices used

DCB Device Purpose

100 defaults to card reader data file

101 console TTY opening message (HCOMMLIST)

105 card reader title card

105 card reader selection (control) cards

105 card reader extra data

108 line printer all listings

F.b.2 ‘lessages

F.h.2 .1 !!CO~ll’fLIS’l’

This message on the console teletype announces the start of execution of

COMMLIST.

F.6.2.2 “~~~ NOTE MI SSING ELEMENT NUMBERS

This is a warning message to draw attention to gaps in the sequence of

element numbers.

— 
F.6.2.3 COMMLIST ABORTED - TOO MANY INPUT RECORDS

This message is output on the teletype when too many input records have

been read . It is repeated on device 108, supplemented by the last record read .

F.7 Limits on data

This program uses many (23) arrays to hold the input information. These

arrays are dimensioned at present to cater for 500 input data cards. However,

since the DO loops are in the range I to 1 000, the number of input data cards

could be increased to 1000 by altering the DIMENSION statements in the program

and by increasing JMAX, the limit on the number of records read . Any increase

will greatly enlarge the core store needed to run the program, so should not be

made unless really necessary . This present limit of 500 applies, of course, to

individual variable names, so the program will cope with a user array of 2000 or

more locations if many constituents are themselves large arrays, for which it is

adequate to include only the first and last elements, as already discussed .

F.8 Location of system COMMON

The raw data for system COMMON variables are held in files on the DC area

of the disc. Real variables are in file DC, RCOMMON and integer variables in file

DC, ICONMON . An index listing may therefore be made at any time using the techni-

que of section F.3.2, with the job card 

—
~~~~~~
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!ASSIGN (F :IOO ,DC,RCOMNON)
or

!ASSI GN (F :I OO ,DC,ICOMNON)

included as required.

I
I

I.

: 
1

008 
-
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~ppendix C

INDEX TO SYSTEM DATA TO BE PROVIDED BY THE USER, REAL VARIABLES

1717(4 ce,rn.’~ • •(**. V A R * *I L ( $  I s.,.? .

C*LCU1.A710 IN USI, *04~ ~*R )3.’71 PAG E

IL i”IN? 10474*.. OUAN?Iyy Dt, CI IP VION u..t,s usio
NO. 4*41

40 111 004147 01 LNCUTZ*.00l.I. 11.1)0 11? 11411

4$ Ml ’ flO~ (#Y 01 INCNTI*aPITCH 51.1)0 ‘1? 1*417

SO lIZ “00147 01 LN(N71*.Y*W 11.1)3 11? 5*417

Si M i l l  ~041Nt OF j#
(O7lAaPNOOtjcT CLUe Fyi  $1417

~~ OIL V t  tst(i. S1~~p 1.14074 NO . lEtS INITIA L

~~ 11*4171 1 1 (  TlM(.$.000 I INITIAl.
luI..O

11 011.11 14713. 57*0 1.14374 NO. C 11CC IN IT IA L

s. coa~,t,i rs*sc T14t,1.00p e s,tc 14111*1.

~• ZCO Z c.o. LOCAT ION $1417

~~ ICSNI F I LOCATlO . .  OF 011 01 $1411

*00 1CS411 Z i.OC*yl0.. 0 lIP PT sINIT

*03 SPAN M J N 3  SPAN F T  $VILOC2
51417

*04 11.7*11. TA IL *04 1100 N.N.C. FT

IYIT1I ~ CI#404 — 41*1. W*01**l.(1 %s .3 .71
— 

c*LCU1.ATIO ZN UllO *0*45 4*1 I3a 7~ PAGE 2

11.14*4? 10074*4 eU*NTl?y 0~ eC0lPtIO*. u#us USLO
NO. N*#( IN

lOS STAlL TaI’ PLANk *01* 17?

10$ 5.0(1 WING l lFIwts Ct *01* F T ~ 1,11.0CC
1141,

*0? CPU •UUCNCI cs000 F T  SV(LO C?
51I

*0~ iP I LOC OF PILOT NIL TO 011th FT

$10 ZP £ LOC OF PILOT NIL TO NIFCG FT SI,

*3* *11.10! TOTAL 004INTS RO1.LISOOV *1(1 LI.FT SACCOOT

I)? *44701 TOT A L MOMINT,PITCNSSOI* Y *115 LI—FT 1.CCNOT

*33 *4410! 707*1. 4I#~NT,VAN.S30Y *111 LI—FT SACCUOT

$3S FYI TOI*1. ~o4c* COOP. IN $097 AXIS IS SACCI.IN
S *C C S 00

*35 FIT TOT AL lOu tS COOP. IN SOOT LXII LI S*CCLIP.
~~cCS~~

*3* IV? TOTAL b OCk COOP. 14 0007 *111 1.5 $*CCLIN
IICC100

AS VINIPOT SNIP SPICII 5I 114



— ~..i ~~~~~~~~ —

130 Appendix C

ITOTIM C0440 N — h At. V*01*SLCI l1.3~~7I

C*LCUI.*TI0 IN V.10 1014$ 0*0 13. 7$ PAIL 3

1L1” I~~1 FOM7U* N SIIANTITY O1IC UIPTION UNITS UUO
N.. NAI(

131 USIS 00. 01 TU..U*.IIuCt FT~~IIC $1140

aia 45*5 INS OF TUNOUI.(NGI FT/SEC 51140

331 55*5 005 01 VUNSULINCI F 1/SIC 51240

hi 1$ CONPOINATIS OF SLIP SA LL IAY $ , F T  S*CCSOD

lbS ‘I C0000IN*711 OF SLIP 1*1.1. h A l l ,  F y  5*CCSOD

l$~ £3 C0000INA TA S OF SLIP SALL IAY~~) F T S*CCSOO

3s0 Ml C0000INA TII OF 0 41710 IAS? l I? Saccsoo

~C$ Vt C0000INATIS OF S NITIN SAUl FT S*CCSe0

tAt £1 C0000INATIS OF 0 41710 *2*1 FT SACCS0O

tel *3 CooN.. SF *CCILI000ITIN 1*131 F t  SACC000

U. VI C0000. OF ACCILIOONITII lAX)) FT SACC SOD

Sal ZI £0000. OF ACCILI000ETLN A Ill FT SA! CSOO

CCC *• COON.. OF *CCCLEOOIISTIN 1* 7 4 )  FT SACC500

CC? 74 £0000. OF ACC(LI000ITIN lAV *j FT S*CCSOO

SYSTI M COO P’O.. • flAL 4*01*11.15 $5.3.?5
CALCULAYIO IN UCIN 10*45 4*0 *3. 75 PAIl 4

51.14141 10010*9 0*1*471?! OIICIIPIZON UN ITS uSID
40. 4*111 14

ses a, ceooo. OF *CCILI004 TIO *14) FT S*CCSOD

Ca~ *5 COON.. OF ACCILINONITI. lA ~ 3 FT S*CCSOD

510 75 £0000. OF ACC (LI004ITLO SA~5) FT S*CCSOO

*71 £5 £0600. OF ACCIL(000llt$ IAZ5~ F T  S*CCSOD

*75 SFOA CS INT IOOITT SNCV bOO TUOSULINCI 51100

57$ SNOICAT OCCA , FAC TON FOIl TUISUI.(NCL 11140

30$ **O C I$ I  *00*7 •F SCA L ING FACT OIS SLOt

3*4 A*0C 1e4)  *00*7 OF SCA L ING FA CTON S SAO C

50$ A O A C I* )  A llAy OF CC* LINC FACT04 5 lD*C

5*4 AO*CI*4) *00*7 OF SCALINS F*CTON5 SD*C
.•7•P. 0
I’ll.

008
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~ppendix H
INDEX TO SYSTEM DATA TO BE PROVIDED BY THE USER, INTEGER VARIABLES

SYSTLO CO4”I~ • INYIGIO VA IIIA SLIS IC.Ql.75

C*LCV1.*TIO IN VOL. $0150 lIAR 13. 7$ PAGE

ILININT FIOTIAN QUA N T ITY OISCRIP!lSN UNITS USED
NO , NAN( IN

I F .ISA S1i.CCT AToOSPMCNI VARIATIG N SV (LOC2
SINIT

A 1.75 UNIT NO FOIl SYSTEM CHAhl.1* ~ySCOM

7 NIvI  TV SILT SELECT STy

p NUN. 40. OF 0*CV TO II SIT F000 ‘A’ 5OAC

30 NUMV NO.OF V*NL0ACS SI SIT FNOM ‘A’ 5DAC

$1 NOAC III POINTIN TO 4*01*51.1 FON Oat j  SDAC

7~ NDaC~ A4) POINTER TO VANIA S) .t FOIl U*C $4 SOAC

5$ NLDCI$) ANNA, OF AOC CHANNEL h,UMNLR5 - SAOC

1.4 NADCIA4) A llAy OF AOC CI4ANN(I. 41.115145 SLOG

145 1.5115 CONTROL S IXICUTION OF 511.5 SILS

150 340451. CONTROL S EXECUTION IF NLAD5LP D$CIT1
OSCNT*

$C? 55 SCALI FACIGI IN NOUSTI IwINO

lA S 1.5(10 CONTROL S IAN000 NUMSEN *1111 51140

5,5114 C0440’. — INTEGER YARIASLES 14.03.70

CALCU1.ATIO IN VItO 10:50 MA O 13.’75 PAGE 2

11.1014? FOOTmAN QUANTITY D1,CNIPVLON UNITX USED
NO. 14*41 14

*70 IAO4CL CONTROL S EXECUTION OF SEICLO OSCIlTI
usd 1!

$11 ICLOII) *04 CO#TN~ i. LI NE $ SETCLR

15* ICIOlICI *0, CeNTNou~ LINE 1* SETCLR

$50 ZD$CFI. CONTROL S IMECUTIIN IF REAUICR OSCITI
DICOT?

*70 IPC SFL CONTROLS IMICUTION OF 511usd DSCNTI
DCCII?

~~ CNANSE ~‘Ew OUT OF SIWiA SITOSCO

305 $101311 CHANGI OVEN flOUT OF Siwla SETUSCO

305 LIQA CI I )  OAC IOIJNCE POINTINS.L0OP$ SO*CN

ael L$0AC145* DAC lOUNGE POINTINS.L000l SOACN

313 ICOACII 0*c SOWut~ POINISNS.LGIP2 SDACN

400 1.10*1441) OAC 1OU NC~ POINTINS.LOIPC M0ACN
‘STOP. 0
‘PIN
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LIST OF SYMBOLS

a speed of sound

a ,a ,a accelerations along x, y, z body axes

b reference wing span

mean chord

c reference chord
ref

Cl 1 etc iner t ia  constants

I shear factor

FTN ,FTE,FTD applied forces in earth axes

FTX,FTY,FTZ applied forces in body axes

g acceleration due to gravity

h height of centre of gravity

I , I ,I ,I moments of iner t iax y z zx
L,M,N total moments

M Mach number

etc direction cosines —

in a i rcraf t  mass

P atmospheric pressure

p,q,r angular velocity components

R.~ vertical distance of pilot ’s eye above centre of gravity

R horizontal distance of pilot ’s eye from centre of gravity

S.. direction cosines (S~~ = etc)

S transformation matrix

S~ reference wing area

T atmospheric temperature

u ,v ,v velocity components

V equivalent airspeed

V~ ground speed

VT true airspeed

• VN,VE,VD components of airspeed in earth axe s (north, east, down)
components of velocity relative to earth

~~~~~~~~~~ components of total wind velocity relative to earth

V
Ø

V
~JELO

$V
~~LO 

components of datum mean wind speed in ear th axes
V
~~1• 

datum mean wind speed
• V

~J~L
V
JEL,

V
~JØL 

components of mean wind speed at height

V aircraft weight

X force along x—axis 008

x,y,z positional coordinates

_
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LIST OF SYMBOLS (concluded)

x ,z coordinates of pilot’s eye point, relative to referencep p centre of gravity

x ,z coordinates of pilot ’s eye point, relative to actualpcg pcg centre of gravity

~~cg’~~cg centre of gravity displacements from reference position

a angle of attack

8 angle of sideslip
y climb angle

8 pitch attitude

p air density

a atmospheric density ratio

• bank angle

x track ang le

heading angle
wind direction

Suffices

a absolute

B body axes

cg at , or of , the centre of gravity

C gusts

L at arbitrary location

p pilot

r ratio

SIC m s
SL sea level

T turbulence
TV television (for outside world display)

ambient

A dot over a variable denotes differentiation with respect to time.

08
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Fig 3.&b
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