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PREFACE

This report describes the development of the digital com-
puter real-time program for the mathematical model of a JEFFB
Amphibious Assault Landing Craft (ACV~LC). The mathematical
model is presented in the report NAVTRAEQUIPCEN 73-C-0138-1.

The real-time program is designed to be implemented in the
Sigma 7 computer facility of the Naval Training Equipment Center.
The system integrating the program and other components is being
used as an ACV-LC experimental training device.

In the areas of Vehicle Generated Wave, Offshore Wave,
and the compartment pressure models, special program technidues,
simplification and remodeling of the mathematical model were
made in order to make the simulation run in real-time.
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4 SECTION 1
INTRODUCTION

= This report details an all digital real-time simulaticn developed for the Naval
Training BEquipment Center (NAVTRAEOUIPCER) of the Bell Aerospace JEFF-B design, an air
= cushioned vehicle landing craft (ACV-LC). This simulation is intended for use

= as a pilot trainer; therefore, only gross vehicle characteristics and performs: nce

can be expected. This report contains a nresentation of the model and a description
of the implementation. The mathematical model used has been detailed in the
report: Mathematical Model of an Air Cushion Vehicle.

A complete description of specific model areas as they differ is included for
correlation purposes where possible and necessary. Some of the areas of

= modelling completely differ from the given; other areas differ only in format
or form. In all cases, however, the symbology has been changed but is adequately

defined.

= This report discusses techniques used in the simulation develocpment. In
= several cases, special techniques were developed to make the simulation run
in real-time.

3 Complete operational procedures are given in detail in order to provide the
operator with all the tools to run the simulation and to make on-line changes
as necessary (i.e. initial conditions).

This report is not intended, necessarily, for use in duplicating the simulation.
Although, a complete description of all components is provided, no programming
techniques and methods, as such have been included.

This all digital simulation was developed to use the equipment and be supported
= by the personnel at NAVTRAEQUIPCEX's general purpose computer facility. This facility
includes a Xeraox Sigma 7 Computer; complete hybrid interface of analog to digital
converters, digital to analog converters,and discrete inputs; and trunking station
with removable patchboard. Also connected to the Sigma 7 is a line drawing CRT
with appropriate interface. Necessary for simulation of an ACV-LC is the mockup
of the pilot cabin with a set of controls duplicating placement and onerating
characteristics as are located on the vehicle.

= The CRT display is used to provide the visual effects necessary to dock the
= ACV-LC inside the stern well of a mother ship. This display is external to the
cockpit and provides a three dimensional picture icr approach and docking

maneuvers. E
SECTION 1II
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ACV-LC JEFF-B

The Bell Aerospace Air Cushioned Vehicle Landing Craft, JEFF-B, has been
modelled and simulated real-time in a pilot trainer. There are two very important
= areas in understanding the operation of the simulation and the content of this report.
First, the size and shape of the vehicle and type of effectors determine tke ship's 3
handiing characteristics. Second, the type of controls and displays availzble to .
the pilot define the method of driving the ship.

A T Rt

L




AW e

NAVTRAEQUIPCER 75-C-0057-1

VEHICLE CONFIGURATION

The ACV-LC is virtually rectangular in shape with a flat bottom and a semi-
rigid inflatable skirt surrounding the periphery of the hull. This skirt hangs
below the hull bottom approximately 4.5 ft, aillowing adaquate space for an air
volume or mass for flotation purposes. Air is pumped into each quarter of
this cushion compartment by large fans, providing the pressure necess. *y for
the lift to keep the hull above water. Leakage of air occurs at the boundary
between skirt and water surface and is vented through moveable nozzles at the
top of the hull, (See Figure 1).

These 2 thrust nozzles {1 each, port, starboard) are located in the forward
part of the ship at the top of the super structure and provide large amounts
of thrust. These nozzles are capable of directing this thrust through 360°
and move in unison.

Located at the stern of the ACV are 2 huge ducted, variable pitch propellers

(1 each, port, starboard) that provide thrust in the longitudinal direction.

Each propeller is driven directly from its output power shaft which is governor
controlled and coupled to 3 gas turbines. The air inlet fans are geared to the
power shaft,

Located behind each propeller are large air vanes (rudders) which move
together and provide steering conirol. When used in conjunction with the bow
thrust nozzles, the ship can make coordinated turns, sharp turns, and sloppy
turns; also the ship can be moved laterally.

The pilot cabin is located at the bow on the starboard side at the top of the
super structure allowing gocd peripheral vision from the ACV-LC. The
mother ship and its stern well can be seen clearly for docking purposes.

bl i

R

The air pressure under the hull tends to flatten the water surface and

to create a depression when hovering. This effect causes water to be pushed
ouiward from beneath the ship causing vehicle generated waves (VGW),

These waves are of little consequence to the vehicle performance except

for the bow wave, if moving forward. However, the pressure distribution is
greatly effected. This bow wave is pushed by the flat pon V hull and causes

the humping speed phenomenon. This bow wave causes sufficient drag that once
created at constant Iow speeds it is not possible to accelerate the vehicle through
it. This pressure wave has a 1iaximum height in the velocity range 16-20 knots.
At slowly increasing forward speed, there is a region of decreased acceleration;
then, as the vehicle climbs over the wave, a sudden increase in acceleration
occurs as the vehicle rides down the wave.

e ———
i
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However, if the vehicle's trajectory is such that it crosses its own path, then
interference of the past VGW with the present VGW does occur, impacting the |
vehicle maneuverability. 3
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PIL.OT CONTROLS AND DISPLAYS

NAVTRAEQUIPCEN 75-C-0057-1

w
e}

The pilot needs all controls to maneuver the vehicle, Since the vehicle

has no automated conirol system, the individual control devices for all
effectors must be available to the pilot. (See Table 1). All € gas

turbine throtties (3 PORT, 3 STBD) command turbine speed. The STBD

and PORT governor controls set the cutput power shaft speed acccrding

to the command and the related gas turbine speeds. The power shafts
govern the propeller speeds (prozulsion), fan speeds (compartinent sir
flows), and, conseag—2ntly, the thrust nozzle air flows. There are 3
propeiler pitch contrcl devices, one each PORT and STBD to individually set
each propeller pitch, and a vernier to change both propeller pitch commands
simultaneously by moving the steering wheel fwd/aft, The thrust nozzles are
directed by the steering wheel and by a switch to direct the thrust fwd/aft.
The rudders are directed by foot pedal commands.

For forward motion, the pilct commands equally the 6 gas turbines and the
2 power shafts. To command the correct forward thrust for a given speed
the pilot directs the nozzle fwd or aft and sets the two propeller pitch commands
equally to the proper angle. The pilot can then vary the propeller pitch command
oy tilting the steering wheel to adjust the vehicle's desired forward speed.

To execute a turning maneuver, the pilot can command several of the effectors
in a variety of ways., Differential commands may be set into the power shaft
governors and/or propeller pitch. The steering wheel may be turned to deflect
the nozzle thrust and/or the rudder pedals may be used to deflect the propeller
air flow. Normally, a turn would be executed by coordinated commands to the
nozzle thrust and rudder deflections. A tighter turn could be wade by also
commanding the propeilers pitch differentially.

“7isual feedback is provided to the pilot so that he will know the state of the
effectors and the vehicle. Gas turbine and power shaft speeds are examples
of effector ctate. Forward speed and heading are examples of vehicle state.
See Table 2 .or the completc list of ACV-LC dispiays.

A pilct station configuration of controls and displays is shown in Figure 2

e
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TABLE 1. ACV-LC PILOT CONTROLS

STBD gas turbine 1,2, 3 throttles
PORT gas turbine 1,2,3 throttles
STBD power shaft governor
PORT power shaft governor
STBD propeller pitch

PORT propeller pitch

Vernier propeller pitch

Thrust nozzle angle

Thrust nozzle switch

Rudder pedals
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TABLE 2. ACV-~LC PILOT DISPLAYS

Forward velocity
Lateral velocity
Heading

" Pitch angle

Roll angle

Apparent wind speed

Apparent wind angle

Hull height at CG

STBD propeller pitch

PORT propeller pitch

STBD rudder angle

PORT rudder angle

Thrust nozzle angle

STBD power shaft speed

PORT power shaft speed

STBD gas turbine speeds (3)

PORT gas turbine speeds (3)

STBD gas turbine fuel flow rates (3)
PORT gas turbine fuel flow rates (3)
STBD gas turbine torques (3)

PORT gas turbine torques (3)
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SECTION III
MATIIEMATICAL MODEL
The complete mathematical model, as used in the simulation, is presented

here for compi;tf;;;‘sﬂs‘:" Most equations differ little from the given medel,
Symhology is different and the programming does follow the symbology as

outiined in this section. Soluvion techniques are described where special

prcgramming techniques are needed to solve equations. No other nrogramming
techniques are described., In general, however, one programming iechnique,
modularity, i employed throughout the simulation program, A separate moduie

or subroutine is developed for each separate topic.

EQUATIONS OF MOTION

This section describes the equations of motion and the particular force and
moment components due to each effector or environmental effect as acting
upon a point mass. These individual force or moment components are then
summed to yield the total acting about each arxis centerecd at the pilot,

FORMAT. The standard form of the equations of motion for the ACV-LC are shown.

Manipulations of these equations were performed in order to eliminate
acceleration cross-coupling terms. This produced a set of nonsimultaneous
equations in 6 variables which could be solved routinely.

The equations of motion show the summation of forces and moments about

each axis, This summation has been broken down into the various components

and performed in a separate subroutine.
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Subroutine: Motion

Equations of Motion
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NAVTRAEQUIPCEN 75-C-0057-1

; %y
1\ Body Coordinates Centered at
Pilot Cabin
AN Yb
(XCGYCG’ ZCG)b = Center of Gravity
a Acceleration (Linear) in direction Xb (Ft/SecZ)
v Acceleration (Linear) in direction Yb (Ft/SecZ) i‘
\.v Acceleration (Linear) in direction Zb (Ft/SecZ) %
= 5 Acceleration (Angular) about axis Xb (lRacl/Sec2 ) - ;§
*'.1 Acceleration (Angular) about axis Yb (Rad/Sec 2) ig
? Acceleration (Angular) about axis Zb (Rad/Sec 2) g
u Velocity (Linear) in direction Xb (Ft/Sec) :i
v Velocity (Linear) in direction Yb (Ft/Sec) §
w Velocity (Linear) in direction Zb (Ft/Sec)
P Velocity {Angular) about axis Xb (Rad/Sec)
q Velocity (Angular) about axis Yb (Rad/Sec)
T Velocity (Angular) about axis Zb (Rad/Sec) £
XCG Position of CG measured along Xb =-30.0 Ft.
YCG Position of CG measured-along Yb = -18.0 Ft.
ZCG Position of CG measured along Zb =+ 8.0 Ft.
m ACV MASS = 10879. 5 Slugs
Ix Moment of Inertia about Axis Xb =5.672 x 10(; SLUG-F'Ii
IY Moment of Inertia about Axis Yb =1.629 x 10 SLUG-FT
Iz Moment of Inertia about Axis Zb =2.057 x 107 SLUG—FT2
EFX . Summation of Forc:s Acting on Vehicle in Direction Xb {Lbs)
EFY Summation of Forces Acting on Vehicle in Direction Yb (Lbs)
EFZ Summation of Forces Acting on Vehicle in Direction Zb {Lbs)
EMX Summation of Moments Acting on Vehicle about Axis Xb (Lb-Ft)

EMY Summation of Moments Acting on Vehicle about Axis Yb {(Lb-Ft)

e

3 Mz Summation of Moments Acting on Vehicle about Axis Zb (Lb-Ft)

19

P st g
1

ﬂm\nmi\mt!tmfmnvinm»»mumﬂ;\m i

- = - Tt = = Elc Al SE - S === - - - = =




di

e~
~
wn 1 )
g on v, 8¥aany  ZON,  dO¥d _ .. |
3 a,, L¥IMS  AVYED ¥V, OWZV N 4+ 20Ny,
> 3 VAS ANV, 20N, N+ N+ oY N+
A I
. : ; ZON 4
) ; Av¥D,  MIV  Oudv - 2
g HSAD,y  TUS Yy Wt N+ Wt W _
2 : o
- ZON_ _x
53 O¥HV,,  ZON_ _X .
g 3 1o0d_, AVHD _ ¥IV g4 ZONg _ X,
s B THDIS;, HSOOy, St SN+
E 5 )
g 7 HSND,,  AVED, 2.

A= JdAR
A A A
A

/ x
¢ yIAANE,, | ZON,  JOUd
vas,  LuINS, AVYED, MV, Owdv,, , .

X X X= Jdz

el e A, S

i,



4 i
|
)

o

NAVTRAEQUIPCEN 75-C-00:7-1

IF,, ZF,SF,,IM IM, IM,

= Subscripts Forces & Moments due to:
= PROP Both Propellers
NOZ Both Thrust Nozzles
RUDDER Both Rudders
AERO Aero Dynamics - Windage
AIR Air Momentum
GRAV Gravity
SKIRT Skirt and Spray Drag
DUCT Both Propeller Ducts - Windage

CUSH Cushion Pressure
DAMP " Yaw Aerodynamic Damping

SEA Seaway and Vehicle Generated Waves
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NAVTRAEQUIPCEN 75~C-0057-1

= MAIN PROPELLERS. The thrust acting on the vehicle due to each of 2 propellers
=, is calculated and then the total forces and moments for these propellers are

calculated.

The thrust of one propeller is plotted by the real-time subroutine at maximum
propeller speed and for different head wind velocities veirsus propeller pitch
= and shown in Figure 3.
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NAVTRAEQUIPCEN 75~C~0057-1

.

U A

RUDDERS. First, the axial velocity of air through each propeller duct is
calculated. Seceond, the axial air pressure exerted at the rudders is calcu-
lated. Third, the tvotal lift and drag coefficients are calculated based on
rudder angle. Then, the total forces and moments due to the rudders are

calculated.
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Subroutine: RUDDERS
RUDDERS (Forces & Moments)

2 T .
.2 Ve o5 Ba) © 4 /OIZROP i
AXIAL j /“pucTt
(V ywinp €°Ba) © + TPROPj
2 PApuer
P =1/2 pv 2
AXIAL j AXIAL j
[o]
) ] L053 yo [vg] < 20
LIFT 1.06 ¥R ,¢ > 20°
R
[¥g]
= .02+ (.422 % 10
CpraAG ( x107)¥

K = Z_ ¥ =0
= RUDDER R RUDDER

M =Z_ X
RUDDER R RUDDER

Y

3 XY RUDDER

Apparent Wind Velocity (Ft/Sec)

<
>
=
-4
2
o

E B, Apparent Wind Angle (DEG)

TPROPj Thrust on Propeller j (Lbs)

- j 1 for STBD, 2 for PORT
. P Air Density = . 00237 Slugs /Ft 3
2
3 A Duct Area = 123 Ft
DUCT ct Area =123 F
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NAVTRAEQULPCEN 75-C-0057-1

Axial Velocity Inside Duct at Rudder j (Ft/Sec)
Dynamic Pressure Inside Duct at Rudder j (Lbs/InZ)
Rudder Angle (RAD)
Lift Coefficient
Drag Coefficient
2
Rudder Area = 47.2 Ft
Position of Rudder along Zb =0 Ft.

Position of Rudder along Yb STBD = -4 Ft

Position of Rudder along Yb PORT = -32 Ft

Pusition of Rudder along Xb = -67.1 Ft.




NAVTRAEQUIPCEN 75-C-0057-1

THRUST NOZZLES. The thrust due to each nozzle is calculated and then using
the nozzle angle the total forces and moments are calculated due to both
nozzles.

i

E
—:§§
%

€
¥
i
= I
= H
= : 28
=N £
£
=3 e
= Fre— e o S, _ o




i
LR

(,| il

Subroutine: NOZZLES

Thrust Nozzles (Forces & Moments)

TNOZj

XNC)Z

NOZ

i

oz ;

TNOZ i

z‘bN

X
N

Z
N

YNS

YNP

n

"

i

-4 2
2, 1
(2.44 x 10 )QNOZj
(T

(T

+T /
NOzS TNoz P! €08 ¥y

Nozs Tnoz p! 50 ¥y
"YNozZN

XNOZZN

Y X

Noz*N TnozsYnstT

Noz P NP €08 ¥y

1 for STBD, 2 for PORT
3
Flow Through Nozzle j (Ft /Sec)

Thrust on Nozzle j (Lbs)

Position of Nozzle (DEG)

Position of Nozzle along Xb=-23. 16 Ft.
Position of Nozzle along Zb=-3. 0 Ft.
Position of Nozzle along Yb=-. 25 Ft STBD

Position of Nozzle along Yb=-35. 75 ¥t PORT
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NAVTRAEQUIPCEN 75-C-0057-1

PROPELLER DUCTS. First, the wind angle of attack of each duct is calculated.

Second, the side force drag coefficient is calculated for each duct. Third,
the wind velocity acting on each duct is calculatad

ulated. Tourth, the wind velocity
causes pressure on each duct. Fifth, the total forces and moments on both
propeller ducts are calculated.

A Computer plot by the real-time subroutine of the side force coefficient is
shown in Figure 4 for verification purposes.
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NAVTRAEQUIPCEN 75-C-0957-1

V AWIND Apparent Wind Velocity (Ft/Sec)
B, Apparent Wind Angle (DEG)
r Angular Velocity about Axis Zb(RAD/ SEC)
TPROPj Thrust of Propeller j(Lbs)
- j 1 for STBD, 2 for PORT
. J{DU CT ; Angle of Attack - Relative Wind to Duct (DEG)
% Vhuer 3 Air Velocity Around Duct (Ft/Sec)
i /o Air Density = .00237 Slugs/Ft3
j PhueT i Dynamic Pressure Acting on Duct (Lbs/ th)
ChucT ; Duct Side Force Coefficient _
_ Dpier i Duct Diameter = 11.25 Ft, _
: j— Duct Chord = 4.67 Ft.
XR Position of Duct along Xb = -67.1 Ft. i
; Zg Position of Duct along Z, = 0 Ft.
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NAVTRAEQUIPCEN 75-C-0057-1

! AERODYEHAMICS DUE TQ 'INDAGE. From the apparent wind angle (wind angle of
attack acting on the vehicle) the drag coefficients are calculated. The :
forces and woments are then calculated from the apparent wind veleocity.

The aerodynamic dray coefficients are plotted by the real~tirme subroutine for
The sway drag ccefficient is shown ir Figure 5 .

verification purposes.
The surge and yaw drag coefficients are shown in Figures € and 7
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NAVTRAEQUIPCEN 75-C-0057-1

Il

B Apparent Wind Angle (DEG)
CDRAG v Side Force Drag Coefficient
C DRAG X Frontal Drag Coefficient
C DRAG N Yaw Moment Coefficient

2
AFR ONT Frontal Area = 836 Ft

p Air Density = . 006237 Slugs/Ft 3

urs Tned
A AWIND Apparent Wind Velocity (Ft/Sec)

XCG Position of CG measured along Xb = -30.0 Ft. :
Y Position of CG measured along Y = -18.0 Ft.
CG b
ZCG Position of CG measured along sz +8.0 Ft.
2
A PLAN Planform Area = 3200 Ft
] Length of Cushion = 77 ft.
CUSH
E 36
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NAVTRAEOUIPCEN 75-C-0057-1

i e e e

YAW RATE DAMPING MOMENT. Using a constant dr

ag coefficient, the damping
moment is calculated from the yaw rate.
£
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it
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e
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: DAMP

Yaw Rate Damping (Forces & Moments)

6
NDAMP = «2.77x 10 r

T Angular Velocity about Axis Zb (Rad/Sec)

T 50 0 00 L s Y B O ] SR i o

e ot ARt A, o o 0 8 ey
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NAVTRAEQUIPCER 75-C~0057-1

GRAVITY. From the roll and pitch angles and weight of the vehicle the
total forces and mouents due to gravity are calculated.

42
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NAVTRAEQUIPCEN 75-C-0057-1 :

Subroutine: GRAVITY

s el WA i

Gravity (Forces & Moments) {When Integrating, include with Equations of Motion)

X = 0

GRAV 'ZGRAV

~r 4 o
'GrRAV = “GRAV”™

ZGRAV = ™8

K =

Z
GRAV C}RAVY

CG'YGRAVZCG

= X

Z -
MGRAV GRAV CG ZGRAVXCG

=Y X Y

NGRAV GRAVXCG' GRAV CG

ﬁUWMvaMhHmnMwWNmwmwhwmwwmmewmwwmmmmWMW%mmwwmmmMmmmwmmmmmmm"

RN

m ACV Mass = 10879.5 Slugs

g Acceleration of Gravity = 32.17 Ft/Sec 2

e e

XCG Position of CG measured along Xb =-30.0 Ft

YCG Position of CG measured along Yb = -18.0 Ft

Ny

ZCG Position of CG measured along Zb = +8.0 Ft

% Euler Angle Roll of ACV (Rad)

Sl
>

Euler Angle Pitch of ACV (Rad)

M

I

3 =
=
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NAVIRAEQULPCEN 75-C-0057-1

E ALR MOMENTUM. The =ir momentum force is due to an unbalanced
= starboard and port fans ccused by an apparent

flow threugh the
= , and moments are then calculated.

wind velocity. The total forces
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: AIR
Air Momentum (Forces and Moments)

For = PVawmn (QFANS TRrAN P)

Xpam = Far 08P,

Y ¥ sin Bo.

AIR AIR

Kar © “Zec Yamr

My © %ca ®amR

t

Namr (XCG'XF) Y a1R 'YCG X AIR

3
/ Air Density = . 00237 Slugs/Ft
Y in i t
VAWIND Apparent Wind Velocity (Ft/Sec)
By Apparent Wind Angle (DEG)
3
QFANS Total Flow Through STBD Fan (Ft” /Sec)
)
Qran P Total Flow Through PORT Fan (¥t~ /Sec)
FAIR Force Acting on ACV due to Air Drag (Lbs)
XCG Position of CG measured along Xb = -30.0 Ft
YCG Position of CG measured along Yb =-~18,0 Ft
ZCG . Position of CG measured along Zb = +8.0 Ft
XF Position of Fans measured along Xb =-12,0 Ft
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NAVTRAEQU »CU™ 75-C-0057-1

CUSHION PRESSURE. Air pressure under the hull causes the primary iifc of
the vehicle. Unbalances in pressures cause moments to bLe applied to L.
vehicle.

46




NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: CUSH

CUSHION PRESSURE (Forces & Moments)

-A

ZcusH = “AcusH

4
Z
1=

N

Kcusn = ~“cusn 2 Pousui ¥

4
2
1=

M = A X
CUSH CUSH 1 CUSH i eci

2
ACUSH Cushion Compartment Area = 800 Ft
i=1 STBD Fwd Cushion Compartment
i=2 STBD Aft Cushion Compartment
i=3 PORT Aft Cushion Compartment
i=4 PORT Fwd Cushion Compartment
Xci Position of Center of Cushion Compartment along Xb
Yc.1 Position of Center of Cushion Compartment along Yb
PCUSH i Pressure within Cushion Compartment (Lbs/th)
X = “10 Fto
cl
= - t-
Xc2 50 F
= - t.
Xc3 50 F
= —10 Ft'
xc4
Y = -8 Ft.
cl |
Yc2 = -8 Ft.
= .28 Ft.
Yc3 8
= -2 Fto
Yc 4 8
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NAVTRAEQUIPCEN 75-C-0057-1

VEHICLE GENERATED WAVE DRAG APPROXIMATION. A constant drag coefficient of
-5 in both longitudinal and lateral directions on the vehicle is used te
calculate v2 drag forces and moments. This approximation is only used when
the vehicle generated wave package is not running. Primarily, this approxi-
mation was made to facilitate development of the simulation.

48
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NAVTRAEQUIPCEN 75-C-0057- 1

Subroutine: SKIRT

WAVE - CUSHION PRESSURE DRAG APPROXIMATION (Forces & Moments)
(For use without Vehicle Generated Waves)

Xggrr = % ¢ |o]

Y SI{I.RT = -e 5 V l V ‘
KgiaRT~ ~%cgY SKIRT

Mgiart™ 2cG® SKIRT

= X Y Xor
NSKIRT XCGYSKIRT ~ CG’ SKIRT
u Velocity (Linear) in direction Xb (Ft/Sec)
v Velocity (Linear) in direction Yb (Ft/Sec)
XCG Position of CG measured along Xb = -30.0 Ft
YCG Position of CG measured along Yb = -18.0 Ft
ZCG Position of CG measured along Zb = +8.0 Ft
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NAVTRAEQUIPCEN 75-C-0057-1

SKIRT AND SPRAY DRAG. The composite eifects of the skirt taking wave
slap and spray hitting the bow and sides of the vehicle are taken into
consideration by a v2 type of drag with constant coefficient of .25.
Over land, there is no wave slap and spray, so the drag is zero. The
forces and moments are then calculated.
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: SKIRT VG

SKIRT AND SPRAY DRAG (Forces & Moments)
(For use with Vehicle Generated Waves)

= +
HP h\v4 ZHULL

XSKIRT: —CD u iu l

Yskirt = “p ¥ v

-Y

KskirT = ~YskirT fp

MekirT = *skirT Pp

h = A4 - Y
NSKIRT YSKIR'I CG XSKIRT CG

CD Drag Coefficient = .25, = 0 over land

u Vehicle Surge Velocity along X, (Ft/Sec)

v Vehicle Sway Velocity along Yb (Ft/Sec)

HP Height of Pilot Cabin above water (Ft)

X cG Position of CG measured along Xb =-30.0 Ft.
YCG Position of CG measured along Yb = -18.0 Ft.
hw 4 ’ Height over water of point No. 4 (Ft)

Z Height of Pilot Cabin above Hull Bottom = 12 Ft.

HULL




NAVTRAEQUTPCEN 75-C—-0057-1

SEAWAY AND VEHICLE GENERATED WAVES. The sum of the wave }
fic points under the hull of the waves
and the waves caused by the v
Lo arrive at the total forces

weights at speci-
before the vebicle arrived (seaway?
ehicle (VGW) is used by a differencing method
and moments pushing on the skirt of the vehicle.
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: SEA
Seaway and Vehicle Generated Waves (Forces & Moments)

- 20 o
Xsga 3 EDCUSHI(T’1+"2+”3 15" T90™718)
*PousH 2 (ng+Ngq*11g™ 7" 7g™7g)

)

on ot -
+Poysn 3 (1187231 7137797 107 T11

+*Poysg 4 ("7 M6t 71577187 T21” ”13’]

T
Yspa = 3 EPCUSH1‘”3*”-4““"5""1'”17‘"18)

*Prysr 2 (st M7 19" T197918)
+*Poysh 3 Mot 719711877117 12713
*Peusm 4 (11t 17t 11877137 11477 15)]
Nega ° Fcusm1 [—@%@ (Mg+nygtngg=ny=T5713)
+40130) ("3“’4*”5"71"”17”"13%
*PoyusH 2E~———4°)3(5°) (Mgt 7t Mg = Ng= M3~ T46)
+ L2008 (17 ng* g™ 5™ N30 "8

*PousH 3 [———_(20)3528) (Mg*nyg* 947118 791" 13)

+(4;0)3{50) ( Tgt 19t Mg~ 71177127 ”13)]

AR

* Peusn 4 [9—9%(-@ (1g* Ta1* 7137717716715
1

(40?2(10) (n 1 Mg Mg M3 M 4—7115)

FELICLTALALA
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NAVTRAEQUIPCEN 75-C-0057~1

i 1-21, Cushion Periphery Points

5 Total height of waves due to seaway and VGW (Ft)
Pressure within compartment 1 (Lbs/ Ft2) !

PeusH 1

P Pressure within compartmern: 2 (Lbs/ th)

CUSH 2

9
Poysy 3 Fressure within compartment 3 (Lbs/Ft“)

P Pressure within compartment 4 (Lbs/ th)

CUSH 4

W Tt Yo T i 1 b a %
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NAVIRAEOUIPCEN 75-C-0057-1

P1HOT CONTROLS

The pilot controls are the devices that the pilot manipulates in order to
properly maneuver the vehicle.

THRUST NOZZLES. The pilot has a steering wheel that directs the thrust nozzle
positions 190°. He, also, has a switch to direct the thrust forward or aft.
These two pilot commands are used to generate an actual nozzle angle command
that sweeps 360°. Using a constant rate servo system, the nozzles are rotated
to obtain the actual nozzle angle. (See Figure 8 ).
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NAVTRAEQUIPCEN 75-C-0057-1

= RUDDERS. Foot pedals activated by the pilot command a rudder angle.

Through
a constant rate servo system the rudder angle is obtained. y

(See Figure 9.)
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TR TR

RUDDER CONTROL

Figure 9

NAVTRAEQUIPCEN 75-C-~0057-1

¥ 32°/ SEC N @
RC 7 /R
P Rudder Angle Command + 30°
RC
P Rudder Angle + 30°
R

Rudder Control

58




NAVIRAEQUIPCEN 75-C-0057-1

' PROPELLER PITCH. The pilot has the controls to be a
ia pitch of each propeller. The pilot,
pitch up to 20° on both
wheel control stick.
pitch angle of each pr

ble to commard a change i
also, has the ability to change the E
propellers by a vernier located on the steering
Through a constant rate servo on each propeller, the
opeller is obtained. (See Figure 10.)
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PCL j —> 5
Ppcw —>

PCW

PpcLj

w

PCj

NAVTRAEQUIPCEN 75-C-0057-1

PROPELLER PITCH CONTROL

— /[

Pocj
—_—

1 for STBD, 2 for PORT

Vernier Wheel Command (+ 10°to -10%

Propeller Pitch Angle Command from

pilot (+ 40°)

Propeller Pitch Angle Command (+35° to -40°)
Propeller Pitch Angle (+35° to -40°)

20°/ Sec

£

—> P

Figure 10 . Propeller Pitch Control
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NAVTRAEQUIPCLN 75-C-0057-1

TURBINLS, The pilot has the controls to vary all 6 gas turbine speeds and
to independently control the power shaft speeds. The speeds o1 the gas
turbines are determined by a first order lag with a time constant of 3
seconds. However, the speed of the power shaft is governor controlled and
if set too low will tend to decrease the operating speeds of the gas tur-~
bines through a first order lag of Z seconds.

For the particular operating speeds of the gas turbires and power shafts, the
optimum speed of the power shaft and the gas turbine optimum shaft horse-
power are calculated. From these the actual shaft horsepower of each gas
turbine is computed and it is a simple calculation to arrive at the shaft
horsepower for each power shaft. The power absorbed by each propeller

and fan is determined from its characteristics. The angular acce’eration

of each power shaft is then calculated and integrated to obtair .ne power
shaft speed, port and starboard. The fan and propeller speeds are geared
directly to the port and starboard power shafts.
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: TURBINES

TURBINES
No, |Nra¥Sr MNren " Nr) At .
- . >12125
: Ny, + Sg Mge; - Mgyt

_ i i -4
: Ngopry = 11672 - 1.90457 Ny +1.21488 x 10 "N
) i -5 2
% SHP pp, = 14684 - 2.3976 Ny, +9.796 x 107 Ny
SHP - SHP 1+1.8/ N. N .
1 SOPTn )/ SOPTn / 13300
Py, = SHPg, +SHP, +SHPg,
SHPgp = SHPp, +SHPp, + SHPp,
c.. _(o 10
L {——52 . (10-8_ ) ®; 10
7.3 “wmnDp Bp;

HP -( Np; 5
PROPj -—L) (450 + 23,05 B, + 2,56 fp 2+C_ )
1250 j i *Cp;
P
HPpanj . MANjQ FANj
540 M FAN
N, _ SHPgi ~HP pan " HPpropj 33000 60
j
Nsj macu 2m 27
Npanj © - 1297 N
Np, - L6427 Nppy
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NAVTRAEQUIPCEN 75-C-0057-1

Time Constant of Turbine Throttle = .3 Sec

Time Constant of Power Shaft Control = .5 Sec

Sampling Period (Sec)
1,n=1,2,3 STARBOARD

2,n=4,5,6 PORT

Turbine Speed (RPM)
Turbine Speed Command (RPM) (15500 SNTCnS 18700)
Power Shaft Speed (RPM)

Power Shaft Speed Comm.and (RPM) (9000<N,

SCj <16000)

Optimum Power Shaft Speced for each Turbine (RPM)

Optimum Shaft Horsepower sor each Turbine (HP)

Actuai Horsepower Output for each Turbine (HP)

Torque produced for each Turbine (Ft-Lbs)

e S R e e A LR G

= TQg Power Sh-ft Torque STBD (Ft-Lbs)
= TQp Power Shaft Torque PORT (Ft-Lbs)
E HPFAN j Power Absorbed by Cushion Fans (HP)
1 Manifold Pressures (LbsfFt2
g PMN j ( 4 )
= 3
- Qran ) Fan Air Flows (Ft /Sec)
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NAVTRAEQUIPCEX 75-C-0057-1

Fan Efficiency = .85

Pitch Angle of Propeller {DEG)

Apparent Head Wind Velocity along Xb (Ft/Sec)
Calculated Constant

Power Absorbed by Propellers (HP)

Torque used by Fans (Ft-Lbs)

Torque used by Propellers (Ft-Lbs)

Power Shaft Accelerations (RPM/ Sec)

Machinery Moment of Inertia = 3.533 Slug-Ft 2

Fan Speeds (RPM)

Propeller Speeds (RPM)
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NAVTRALQUIPCEX 75-C-0057-1

COCKPIT COMTROLE AMD DISPLAYS - TEMPORATY.
. at NAVIRAEQUIPCLN for which this simularion

was develored, =2ll controls were
implererted. lowever, the pas turbine controls were lumped together an¢ d
vided PORT, STRD,

l-
TR On the vehicle there are 3 pas turbines on each pecrt angd
starbcard side. Instead of 6 individual throttles only 2 v
that the 3 turbines on each side receive the same cormand.
implemented controls and how they were scaled.

S

For the temporary cocknit rackup

ere provided so
Table 3 shows the

Yot all displavs were implemented as they would be on the vehicle. Mosc
meters were synchro driven instead of straight analog voltage type meters.
Oniy 1 of the 6 gas turbine speeds was displaved. Table 4 shows the izple-
mented displays and how thev were scaled. Figure 11 shows the lavout con-

figuration of the controls and displays which were implemented.
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NAVTRAEQUIPCEN 75-C-0057-1

Proreller Frtch \ngle

i

f — fas Cenerator RPM %

HM ; .
;‘! f — 2ower iurbine RP*! 7 :
P . -
;i ! / — Forward Speed

/ | — Piteh § Rell

, ! ," — Compuss
/ , ! — Zkirt Demth
— | i i ;
: — heel

I .
/ . ,' " — Rudde~
!

“eqals

i

|

i

i

'!

i

i
i :
' :
— |
vy STED !
| Power i H
! ‘Turbine \~. ‘\_/ ! ]
Governor ! £
f i ,—
X\ ) ::
Y™™ uds Generater P, G 2
 Propeiler Pitch- PORT :
Figure 10. Cockpit Controls and Displays -

Temporary
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NAVTRAEQULIPCEN 75-C-0057-1

COCKPIT CONTROLS AND DISPLAYS. Since the real-time ACV-LC simulation wvas
developed, NAVTRAEQUIPCEN has put into operation a cockpit which more closely
resembles the pilot cabin aboard the ACV~LC. Table > shows the implemented
controls and how they have been scaled. Table 6 shows the implemented dis-
plays and how they were scaled. Figure 12 shows the current configuration of
the controls and displays as implemented.

T
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NAVTRAEQUIPCEN 75-C~0057-1

Subroutine: ATD
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NAVTRAEQUIPCEN 75-C-0057~-1
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= Figure 12. Cockpit Controls and Displays




SAVTRAEOULPCEN 75-C~0057-1

AIR FLOW AND PRESSURES

Because this vehicle is air cushioned, air is the dependent medium.
flow of air must be directed irto the various compartments with suf
volume and pressure to 1ift the vehicle above the water surface.
intent of this section is to describe the solution of air nressures in the

This solution is not an easy tazk because air flow causes
Althouph the intent i= to
describe the pressures, it is necsssarv to describe in several sections
compeonent parts of the air flow-pressure relationship.

compartments.
air pressure and air pressure causes air flow.

FAN AND THRUST NOZZLE AIR FLOW.

is calculated directly fror the manifold pressures.

fans is calculated from the manifold pressure,
the fan speed.

il

73

L it

Air flow out through each thrust nozzle
Air flow through the
but is also dependent upon
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N r
= Iz Z -3 1
QFANS —2%3}635 [-640 I"ManNs 300‘ PMANS 00 -ls.s(PMANS-SOO)
‘P -3001
MANS
h i -300 -
Q - Ypanp  |-620 | Pmane 3% Pumane3% 5.5 (0 -300) i
FAN P~ —5.0o= B 300 MANP i
l MANP ‘ é
P Pressure in STBD Manifold (I bs/FtZ)
MARNS uret g
. . 2
PMAE\?P Pressure in PORT Manifold (Lbs/Ft )
E\;FANS Angulay speed of STBD Fan (RPM)
d
F\FAZ\?P Angular Speed of PORT Fan (RPM)
3
Quozs STBD Nozzle Flow Rate (Ft~/Sec)
3 /
‘QNOZP PORT Nozzle Flow Rate (Ft /Sec)
3 E
; t t s
QFANS STBD Fan Flow Rate (Ft /Sec) |
3
Qoanp PORT Fan Flow Rate (Ft /Sec)

NAVTRAEQUIPCEN 75-C-0057- 1

Subroutine: AIRFLOW
AIR FLOW RATES

PMans
-346 ‘“PMANS! IPMAI\d

QNOZS

PuMAN P

Noz p = ~346 \HIMANP] [P van A
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NAVTRAEQUIPCEN 75-C-0057-1

HEIGHT OF KHULL BOTTCM PLATING. The height of each hull bottom plating point
above water is calculated from the height above mean water of the pilot,

the total wave height (seaway + VGW), the roll and pitch angles, and the
X,Y,Z positions of each hull point. Figure 13shows the definition of the
hull bottom plating roints as they are located on the planform. Table 7
defines the coordinates of the hull botrom plating points relative to the
pilot cabin.
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NAVTRAEQUIPCEN 73-C-0057-1
Subroutine: HULL HT

it

HEIGHT OF HULL BOTTOM PLATING ABOVE WATER

H = -Z +0X -0Y -Z
HULL k 1 HULL k HULL k HULL k

n

y =y +n
'k SEA k VGW k

h H -n
wk HULL k 'k

k Number of Hull Bottom Plating Points
z, Inertial Position (Vertical) of Pilot Cabin (Ft)

$ Euler Angle Roll (RAD)
) Euler Angle Pitch (RAD) E
XHULL Position of Hull Bottom Plating Pts along X (Ft) %
YHULL k Position of Hull Bottom Plating Pts along Y, (Ft) %
ZHULL k Position of Hull Bottom Plating Pts along Zy (Ft) %
SEA K Height of Waves due to Seaway (Ft) i§
MTVGW k Height of Waves due to Vehicle Generated Waves (Ft) %
N Total Height of Waves (Ft) %
HHULL Kk Height of Hull Points above Mean Sea level (Ft)

¢ By Height of Hull Points above Water (Ft)
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NAVTRAEQUIPCEN 75-C~-0057-1

Cushion Compartments & Hull Bottom Points

16

3

I

14 o +25
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< — 130 —N

-+ 17 +22

18 20
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12
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—19 +23

®

40'

4
9

,é____ 20"

Figure 13.

e 0

Hull Planform Profile (25 Pts)
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NAVTRAEQUIPCEY 75-C-0057-1

- ' 15 -LE 7 . TLANFORY POINT LOCATIONS (25)
k XHuLL YhHuLL ZhyLL (Ft)
1 19 -18 12
2 10 -8 12
3 3 10 2 12
4 -10 2 12
: 5 -30 2 12
6 -50 2 12
7 -70 2 a
= 8 -70 -8 12
= 9 -70 -18 12
10 -70 -28 12
11 -70 -38 12
/ 12 -50 -38 12
13 -30 -38 12
E 14 -10 -38 12
E 15 10 -38 12
16 10 -28 12
E 17 -10 -18 12
18 -30 -18 12
1 13 -50 -18 12
20 -30 -8 12
21 -30 -28 12
i 22 -10 -8 12
= 23 -50 -8 12
24 -50 -28 12
: 25 -10 -28 12
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NAVTRAEQUIPCEN 75-C-0057-1

CUSHION COMPARTMENT AIR VOLUMES. The average height of each cushion

compartment hull bottom section is computed by a parabolic fit in both X
ard Y directions to .he individual heights above water for taat compart-
ment. The air volume of each compartment is simply the product of this

average hejght and the constant planform area.

il

79

W
i




NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: VOLCUSH

Average Cushicn Compariment Volumes

.0277718 (hwl + th +h _-i-hwlg) +.1111111 (}1w2+h\x'4+hz¥20+hi¥l?)

HCIESH 1 wd
+.4444441 D

Hepsga = -OETTT18 (g thpth qhyg) + 111111, pg%h g h gty :
: +.4444344 h s
= i
= = 2 : ; + + : ] i

Hopsgs © - 0277778 (b gth gthyyg thy ) + 1111 Aoy #hyg b 10MPw12) ;
: +.4444444 h o, 1
- HCLESH 4 0277718 (h\*.'1+hw18+nw13+hw15) - 11111n(h\vlﬁéhwl'f}hwz1+hx¥14) .

+ .4444444 hw25

Veusan - PcusaMcusHn

S

. n=1----4 Number of cushion compariments
k=1----25 Number of hull bottom points
hwk Height of hull bottom points over water (Ft)
3 AcusH Cushion compartment area = 800 Ft2
E HousHn Average height above water of cushion compartment (Ft)
\4 CUSH n Air volume of cushion compartment (Fts)
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WAVE PUMPING.

chamge of each cushion compartment.
time derivative of each cushion volum

technique,

NAVTRAEQUIPCEN 75-C-0057-1

The wave pumping air flows are simply the rate of air volume

In other words, wave pumping is the
e and is calculated by a trapezoidal

81
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QBUMP n -

ity

T

n=1l---4

VCUSH n

gl

- QPUMP n
E T

At

b

NAVIRAEQUIPCEN 75-C-0057~1

Subroutine: WV PUMP

-d Vv

I CUSH n

VeusH nt‘V

At

CUSH n,

At

-1.5V +2.0V

CUSH n,

-5V
CUSHn,_ ,, CUSH n

t-24t

At

Number of cushion compartments

Air Volume of Cushicn Compartment (th)
Rate of Compartment Volume Change (Ft3/sec)

Time (Sec)

Sampling period (SEC)




NAVIRAEQUIFC! N 75~C-0057-1

it ;l“\".'"\u".‘ i ¢

i

CUSHION COMPARTMENT ESCAPE AREAS. The clearances between the bottom of the
skirt and the water are calculated from the height over water of each hull
roint around the skirt periphery using a constant skirt heightoi 4.5 it.
These clearances are parabolically fit along the X, Y directions to obtain
2 an average water clearance. This clearar:e is multiplied by the average

: cushion length (60 ft.) to get the escape area for each cushion compartment.

However, the areas solved in the program are multiplied by a constant for
later use.
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F =

)
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NAVTRAEQUIPCEN 753-C-0057-1

Subroutine: SKAREA

Cushion Compartment Iscape Area

20

DCLRl +4 CLR2 + 3 CLR3 + 8 CLR4 + 2 CLRJ

—

D) ‘ :
' CD CLR9 + 4 CLR8 + 3 CLR7 + 8 CLR6+2 CLRS]

CLRQ~.L 4 CLR10+ 3 CLRII +8 CLR12+ 2 CLRlB-J

Number of cushion periphery points

Height of hull bottom points over water (Ft)

Height of skirt = 4.5 Ft

CLR, + 4 CLR ¢+ 3 CLR g+ 8 CLR, ,+ 2 CLRI:)]

Air gap between skirt and water at hull bottom points (Ft)

Cushion compartment 1 escape area (th) .

Cushion compartment 2 escape area (I"t ). ]2C

Cushion compartment 3 escape area (Ft ). ‘

Cushion compartment 4 escape area (I't ).

Width of Cushion Compartment = 20 Ft.
Density of Air = .00237 slugs/Fto

Discharge coefficient = , 42
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NAVTRAEQUIPCLN 75-C-0057-1

CUSETON AND MANIFOLD AIR PREGSURES. .ix simultaneous equations are written
for air flow between the 4 cushion conmpartments and the 2 manifolds and

include the 4 wave pumping air flows. These air flow equations are rewritten
by equating the sum of air flcws with zero and by substituting the 6 pressure

expressions in place of the air flows.

Because direct solution is not possible, a Newton~Raphson technique is de-
veloped. Setting the zero side of the equation to E, a set of error euua-
tions is defined. Taking the partial derivatives of each crror with resuvect
to each of the 6 pressures yields a 6 x 6 matrix. The change in pre.sure iz
then computed bv inverting the € x 6 derivative matrix and rultiplving by
the error matrix. This change in pressure is simply added to the existing
pressure., Iterations on this solution are necessary until the changes in
pressure become very cmall.
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: CUSH P

Compartment Pressures

Py *| PcusH 1

P, * 1 Pcush 2

v-| P3 = |PcusH 3

Py * [PcusH 4

Py * | PMANS

Ps = |Pvane

L —

f

DED]

[DEDP‘L. - OE;
1 aPJ?

AT [DEDP] 1 5
P+

P

R Y LI R TS R AT AT TSI L YA S MPTT I ndn

AP
AP AP v

1l
il

CRIT
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e B vl

If CRIT < 0.0004 Solution Obtained, Otherwise Repeat Solution.
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NAVTRAEQUIPCEN 75-C-0057-1

QPUMP1 + 589 ASQRT (P:’S-Pl) + 675 ASQRT (P4-P1)

-338 ASQRT (PI-PZ) - AIHSIA1 ASQRT(PI)

+1128 CSKIRTASQRT (Pl) (109.0-P1)

QPUMP2 + 589 ASQRT (Ps-Pz) + 338 ASQRT (Pl -P,)

-675 ASQRT (PZ—PS) - A_REA2 ASQRT(PZ)
+1128 CSKIRTASQRT (PZ) (109.0 - Pz)

QPUMP3

-338 ASQRT (PS-P4) —AREA3 ASQRT(P3)
+1128 CSKIRT ASQRT (P3) (109.0 - P3)

QPUMP 4

-675 ASQRT (P4-P1) —AREA4 ASQRT (P4)

+1128 CSKIRT ASQRT (P4) (109.0 - P4)

-589 ASQRT (PS-PI) -589 ASQRT (PS—PZ) -346 ASQRT (P5)

- NFANS (640 ASQRT‘(P5-300) +15.8 (P5-300))
200u

-589 ASQRT (P6—P3) -589 ASQRT (PS—P4) -346 ASQRT (P6)

_ NFAN P (640 ASQRT (P, -300) + 15. 8 (P.-300))
2000 6 6

+ 589 ASQRT (PS-P3) + 675 ASQRT (PZ-P3)

+ 589 ASQRT (PG-P4) + 338 ASQRT (P3-P4)
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OElldPG

8E2/ apl

8E2/3P2

8E2/3P3
anzlap
8E216P5

8E2/o Py

NAVTRAEQUIPCEN 75-C-0057-1

-589 DASQRT (P5-1>1) -675 DASQRT (P4-P1)
-338 DASQRT (P,-P,) -ARFA, DASQRT (P,)

-1128 Cgprpey

+1128 C

ASQRT (P 1)

SKIRT DASQRT (Pl) (109.0 - Pl)

338 DASQRT (P1 —Pz)

675 DASQRT (P4 -Pl)

589 DASQRT (P5 -Pl)

338 DASQRT (Pl-Pz) = 3E1/0P2

-589 DASQRT (PS-Pz) -338 DASQRT (Pl—P.,)—675 DASQRT(PZ—P

—AREA2 DASQRT (P?_.) -1128 CSKIRT

+1128 CSKIRT DASQRT (Pz) (109.0 - Pg)

675 DASQRT (PZ -P3)

589 DASQRT (}E’5 -P2)

88

ASQRT (P2)
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NAVTRAEQUIPCEN 75-C-0057-1

0

0E,/ 3P,

8E3/8P2 675 DASQRT (PZ-P3) = 8E2/3P3

o _ - =
8E3/c P3 = =589 DASQRT (PG-PS) -675 DASQRT (PZ—PS)
-338 DASQRT (P3-P4) -AREASDASQRT (P3)

-1128 CSKIRT ASQRT (P3) +1128 CSKIRTDASQRT(P3)(109. O-P3)

aE.-o\/-.)P4

338 DASQRT (P3-P4)

8E3/3 P6 = 589 DASQRT (PB-PB)

8E4/¢9P1 = 675 DASQRT (P4-P1) =31531/6P4
6E4/6P2 =0
8E4!8P3 = 338 DASQRT (P3-P4) = 8E3/8P4

8E4/3P4 = -589 DASQRT (P6-P4) -338 DASQRT (P3-P4)
-675 DASQRT (P4-P1) -AREA4DASQRT(P4)

-1128 CSKIRT ASQRT (P4) +1128 CSKIRTDASQRT (P4)(109.0—P4)

6E4/dP5 =0

8E4/3P6 = 589 DASQRT (PS-P4)
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NAVTRAEQUIPCEN 75-C-0057-1

S

a}33/<31°1 = 589 DASQRT (PS-PI) =8E1/8P5
aE5/6P2 = 589 DASQRT (Ps-Pz) =6E2;’3P5
BESIUPB = 0
6E5/6P4 = 0

6E5/5P5 = -589 DASQRT (PS-Pl) -589 DASQRT (PS-Pz)-346 DASQRT(PS)

- NFANS .(640 DASQRT (P5-300) + 15.8)
2000

A S S b et b

6E5/6P6 =0

OEg /0P, =0
OEg/oP, = 0

6E6/6P3 = 589 DASQRT (PG-P3) =6E3/6P6

i

6E6/6P4 539 DASQRT (P8~P4) =6E416P6

6E6/3P5 = 0

i
I

(‘)EGIGPS = -589 DASQRT (PB-Pg) -589 DASQRT (PG-P4)

P

-346 DASQRT (P() - NFAN P (640 DASQRT (P,-300)+15. 8)
2000 N
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ASQRT

DASQRT

Y= ASQRT (X)

g

Y = DASQRT (X

]§l>1

Jook

NAVTRAEQUIPCEN 75-C-0057-1

xl>1

X [=1

<1
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NAVTRAEQUIPCEN 75-C-0057-1
PCUSH 1 Pressure in cushion compartment 1 (Lbs/th)
PCUSH 2 Pressure in cushion compartment 2 (Lbs/ th)
PeysH 3 Pressure in cushion compartment 3 (Lbs/ th)
PCUSH 4 Pressure in cushion compartment 4 (Lbs/ th)
PyANS Pressure in STBD manifold (Lbs/ Ft?)
PMAN P Pressure in PORT manifold (Lbs /Ft%)
—E— Compartment air flow errors; ideally = 0
- AP Change in 6 compartment pressures per iteration (Lbs/ th)
‘ CSKIRT Skirt rigidity coefficient =.01
3 QPUMP 1 Rate of cusﬁion compartment 1 volume change (Ft3 | Sec)
g QpuMP 2 Rate of cushion compartment 2 volume change (Ft3/ Sec)
QPUMP 3 Rate of cushion compartment 3 volume change (Ft3 [Sec)
QPUMP 1 Rate of cushion compartment 4 volume change (Ft3/ Sec)
] NpaANS Angular spee- of STBD fan (RPM)
Np AN P Angular spegd of PORT fan (RPM)
= A.REA1 Cushion Compartment 1 escape area (th) + Constant
AREA2 Cushion Compartment 2 escape area (F‘tz) « Constant
AREA, Cushion Compartment 3 escape area (th) - Constant
AREA 4 Cushion Compartment 4 escape area (th) - Constant
93
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ENVIRONMENT

Ti.e environmental effects on the vehicle consist of onl

= vesax

P

vind velocity and angle of attack are determined.

L

{4D.  The icplementation of wind comsists only of constant wpeced
C¢irecticn effects. The wind velocity is cowbined with vehicie
= vield the apparent head and side wind velocities. Also, the tot
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: WIND PAR

WIND

u+9S

WIND €08 ¥ -¥winD’

wIND 5t 0-dgmvp)

u2 + V2
WIND WIND

W

Vawino = 'V AWIND

B, i

WIND

WIND

UwIND
VWIND

VAWIND

1 vginp

UWIND

tan~

Wind Velocity (Ft/Sec)
Set of Wind (DEG)

Heading of Vehicle (DEG)

Velocity (Linear) in direction X (Ft/Sec)
Velocity (Linear) in direction Y, (Ft [Sec)
Apparent Head Wind Velocity along X, (Ft [Sec)
Apparent Side Wind Velocity along Y, (Ft/Sec)
Apparent Wind Velocity (Ft/Sec)

Apparent Wind Angle ( + 180°)
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NAVTRAEQUIPCEN 75-C-0057-1

SEAWAY. These waves are generated as a single component sinucoid moving northward.
These waves are meant to simulate swell consisting of relatively long period
and wave length. Computation limits in real-time prohibit the addition of

other frequency components.

Because this vehicle is meant to be a landing craft, considerable effort in
this dynamic seaway simulation is devoted to the creation of shoaling and
breaking waves. Shoaling waves naturally blend into a single frequency
making a realistic offshore many component wave generation superfluous.

As the wave approaches the beach, which runs east-west, the wave length
shortens and the wave amplitude increases causing the wave slope to steepen.
Once the wave slope becomes sufficiently steep, the wave breaks causing

the amplitude to decrease sharply. Thea, as the wave continues to encroach
upon the beach, the amplitude continues to decrease until it becomes zero at
the boundary of the beach.

The waves are created completely in the earth-fixed coordinate system. It

is necessary to obtain the wave heights at all the hull bottom plating points

for use in calculating forces and moments. Consequently, it is first necessary
to calculate the inertial components of all hull points and the earth-fixed position
of each hull point.

Over land there is no seaway, so for the particular hull point that is over laud,
its associaied wave height is set to zero.

Over the deep ocean region (offshore) a simple cosine-function is evaluated
using a phase angle based on position and the wave frequency.

Over the shoaling region, *he computational problem begins to get more difficult.
From the depth of water directly beneath each hull point, the wave number and
phase angle at that point must be determined. From the water depth, wave
number, and offshore wave number and amplitude, the actual wave amplitude
under each hull point is calculated and limited. The wave height of the first

order is a cosine function of the local amplitude and phase and offshore wave
frequency. The second order wave height is a cosine function of twice the

local phase and offshore wave frequency multiplied by a polynomial in offshore and
local wave numbers and multfiplied by the square of the local wave amplitude. The
final wave height under each hull bottom plating point is the sum of the first and
second order wave heights.

3 Figure 14 defines the ocean boundary regions in the horizontal plane relative
E to the earth-fixed coordinate system. Figure 15 defines the offshore para-

meters and relates the shoaling region parameters geometrically in the ver-
E tical plane, .




NAVTRAEQUIPCEN 75-C-0057-1

: The wave number and phase angle functions are piecewise fit (f(x)=A./x+B.x+C.)
i i i

of 9 equal segments and 2 half segments using a least squared fit and adjusted
for function continuity at the segment boundaries. See Figures 16 and 17
for computer generated plots of these functions in the shoaling region.

Figure 18 shows a wave profile (snapshot in time versus position) as it travels

from the deep ocean onto the beach. Figure 19 sho :
the beach of Figure 18. gur ws an expanded section at
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NAVTRAEQUIPCEN 75-C-0057-1

Subroutine: CVIHULL

- Vv
Y itk = Gy
ZiHk
N o .
XpuLLk €05 ¥ - YguLp i sin?
= { XguLLk Sin ¥ FY¥pgypp g cosy
Hgurnk ¢ "YuuLLk ¢ T ZHULL k
Number of Hull Bottom Plating Points
C;’ Vehicle to Inertial Transformation

XHULL k Position of Hull Bottom Plating Pts. along Xb (Ft)
YHULL Kk Position of Hull Bottom Plating Pts. along Y, (Ft)

ZyULL k Position of Hull Bottom Plating Pts., along Zb (Ft)

6 Euler Angle Roll (RAD)

8 Euler Angle Pitch (RAD)

¢ Heading of Vehicle (DEG)

Xk Components of Hull Bottom Points along X, (Ft)

Yin Components of Hull Bottom Points along Yi (Ft)

Z: vk Components of Hull Bottom Points along Z, (Ft)
98
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Dynamic Seaway Gene ration
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Subroutine: SEAWAY

Initial Calculations

w =327
o =L

Subroviine: OCEAN

(::iHULLk

Y HULL x

Zi HULL k
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Over l.and '\i HULL k > 0
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NAVTRAEQUIPCEN 75-C~0057-1

Number of Hull Bottom Plating Points
()FFSHORI_E Wave Length (I't)

OFFSHORE Wave Period (SEC)
OFFSHORE Wave Frequency (RAD/SEC)
Gravitational Acceleration = 32.17 ft/sec?
Depth at Which Shoaling Begins (Ft)
OFFSHORE Wave Number (Rad/ %)

Peak to Peak Wave Height (Ft)

Slope of the Ocean Bottom

Position at which Shoaling begins along Xi (F't)

Ineriial Position (North) of Filot Cabin (Ft)
Inertial Position (East) of Pilot Cabin (Ft)

Inertial Position (Vertical) of Pilot Cabin (Ft)

Components of hull bottom points along Xi (F't)
Components of hull bottom points along Yi (Ft)

Components of hull hottom points along Z, (Ft)

Position of hull bottom plating pts. along Xi (F't)
Position of Hull bottom plating pts. along Yi (Ft)

Position of hull bottom plating pts. along Z'i (Ft)

Ocean depth under hull point along Z,i (Ft)

Wave number at hull point (Rad/Ft)
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NAVTRAEQUIPCEN 75-C-0057-1

\f Wave phase angle at hull point (Rad)

771 First Order Wave Height at Pis. under ITull (1)
7, Stokes Second Order Correction (Ft)
Height of Waves due to Scaway (It)

i Time (Sec)

ARSI
J

‘,i‘l i I‘h“ul‘ly i“
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NAVTRAEQUIPCEN 75-C-0057- 1
Subroutine: SYSPRINT
C Wo
K .
X
T, - 2m o« Ax
We X.-C
i
w, = Kx .Xi - W
W, Offshore wave frequency (Rad/Sec)
K. Wave number at pilot station (Rad/Ft)
C Wave velocity along Xi (Ft/Sec)
A Wave length at pilot station (Ft)
}’ii Vehicle velocity along X; (Ft/Sec)
We Wave encounter frequency (Rad/Sec)
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NAVTRAEQUIPCEN 75-C-0057-1

VEHICLE GENERATED WAVES

This section of the mathematical model is the mest complex part of the whole
simulation. The implementatiion and the concept are reasonably siraight
forward, but the mathematics of the kernel function and the development of

the model are sophisticated and complex, Although the implementation is
straightforward, the number of calculations is voluminous, This fact presents
great difficulty in doing these ca'--1lations in real-time.

The vehicle rides on a cushior .ir which is obviously pressurized to
counteract the force of gravity;. The higher-than-atmospheric pressure causes
a depression in the water surface. If the crafi is not moving, i.e,, just
hovering, this surface depression is static in nature, This situation can

be explained as a sequence of pressure impulses applied on the free surfaces
fcr a prolonged period of time., If the duration over which these impulses
are applied is short, a small number of radiating waves would be generated.
In the limit, however, the shape under the cushion would be static in shape.
The present implementation only allows {or a finite length of time for
application of impulses (T = 8 sec). Hence the "static" free-surface
elevation will still be wavy outside of the air cushion. It is this wave
pattern which constitutes the vehicle generated waves. No concern is

given to the influence of these waves beyond the confines of the hull,

it

- After a wave patitern is created and the vehicle moves, its forward motion
5 will create another wave pattern. As the vehicle moves over the

i established wave pattern, distortion of the existing wave pattern occurs
under the vehicie because of the newly generated pattern, This changing
of wave shape from one pattern to the next mathematically can be

_ expressed as a convolution, Therefore, to create a complete profile of the
4 vehicle generated wave pattern, it is necessary fo convolve all wave shapes
generated in the past with the present,

The pressure distribution under the craft used for rigid body dynamics

= is dependent upon the air volume and leakage gaps across the complete
planform, In order to know the complete distribution of the air volume,
1 it is necessary to determine the height between planform and water at all
3 points under the hull. This is synonymous with knowing the height
of the wave at each point with respect to mean water level.

The model of the vehicle generated waves is only concerned with determining
these wave heights by assuming a time-indcpendent pressure distribution.

. The change in pressure and air volume distributions are considered elsewhere
g using the vehicle generated wave heights.

WAVE HEIGHTS. The wvehicle generated wave heights are determined under a selective
number of points of the hull planform. This determination is made by
performing a convolution integral over the kernel function at specific .
time intervals in the past.

iy,
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NAVTRAEGQUIPCEN 75-C-0057-1.

The kernel function is a three dimensional wave height function of position
(X, Y) and time. This function is pretabulated versus X and Y for specific
sampling periods past (t-nAt). In other words, a wave pattern is established
at each time period in the past by table lookup as a function of position

(how far the vehicle has travelled since being at the previcus point). These
kernels are then convolved over all time yielding the wave height.

Over land there is no water to be displaced, the associated VGW height
is set to zero. If the complete vehicleis over land, the skirt and spray

drag coefficient is set to zero.

The history of the trajectory is stored and updated at each time step. This
trajectory history consists of the change in inertial position of the vehicle
from the present and the heading of the vehicle at each time step in the past.
The change in inertial position of each hull point is calculated from the
vehicle change in position and the inertial hull point component. This
change in position is transformed from earth-fixed coordinates to body-fixed
coordinates for each time period. This change in position is then referenced
to the vehicle center of gravity. Because the VGW is symmetrical about the
body center, only the magnitude of this change in X, Y position is needed to
arrive at the kernel value, All kernel values are integrated by Simpson's
Rule and dimensionalized in time and position to yield the final VGW height

under each planform point.

Complete plots were generated to show the physical shape of the Vehicle
Generated Wave (VGW). These plots show the wave for vehicle straight

line moticn and constant forward speed for all time. Three sets of plots

are included for vehicle forward speed of 0, 30, and 84 ft/sec corresponding
to 0, 18, and 50 knots. Each set consists of three plots. The first plot
shows the VGW height () along the longitudinal direction of craft motion.
The second plot shows the VGW height (). along the lateral direction of the
vehicle, The third plot shows the VGW height (n in time at a fixed point

on the ocean surface as the vehicle passes over it.

The first i ~ wave profiles (see Figures 20, 21, 23, 24, 26, and
27) are » dimensional cuts (slices) along the vehicle body axes (x, y)
centered . it the CG cb snapshotted at a particular instant in time;
although, .. wave profile as seen from the vehicle does not change when
its speed is constant, The first wave profile (see Figures 20, 23,

26) versus x position shows the CG at x=0 with the bow at x=40 and the
stern at x=-40, The second wave profile (see Figures 21, 24, 27 )
versus y position shows the CG at Y=0 with the starboard side at y=20 and

the port side at y=20,

The third wave profile (see Figures 22, 25, 28 ) shows the two
dimensional wave height effect of a fixed point on the ocean surface as
the centerline of the ACV approaches and passes over the point. At
t=0 the CG is directly over the point,
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Subroutine: VG WAVE
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Number of Hull Bottom Plating Points

Number of History states, N is an even positi;re integer
VGW Wave Heights (Ft)

Skirt Drag Coefficient

Current inertial component of Hull Point along Xi (Ft)
Current inertial component of Hull Point along Y; (Ft)
Current inertial component of Hull Point along Z; (Ft)

Vehicle Change in inertial position of each history state
along X, (Ft)

Vehicle Change in inertial position of each history state
along Y; (Ft)

Vehicle Change in inertial position of each history state
along 2. (Ft)

Change in inertial position of hull pt. along X, (F1)
Change in inertial position of hull pt. along Y, (Ft)

Change in inertial position of hull pt. along Z.—i (Ft)

Inertial to vehicle transformation for each history state

Change in position of hull pt. along Xb (¥Ft)

Change in position of hull point along Yb (F't)

Change in position of hull point along Z, (Ft)

Magnitude of change of position of hull point referenced to
CG along X, (Ft)

Magnitude of change of position of hull point referenced
to CG aleng Y, (Ft)

Magnitude of change of position of kull point referenced to
CG along Z, (Ft)
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g NAVTRAEQUIPCEY 75-C-0057~1

- ) XCG Positicn of CG measured along Xb = 30.0 Ft.
1 YCG Position of CG measured along Yb =-18.0 Ft.
:i ZCG Position of CG measured along Zb =+ 8,0 Ft.
= ny Kernel value for history states

- 0

: N State or kernel at t-NAt

= P, Nominal Pressure in Cushion Compartment =109, 375 Lbs/Ft>
= P, Density of Water = 1. 98 slugs/Ft°

= g Gravitational acceleration = 32,17 Ft /Sec2

! a Vehicle half length = 40 Ft.
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KIRNEL VALUVE. The vehicle generated wave is created in the present and has existed
for all time. The kernel function represents the nendimensionalized wave height at

a particular instant in time due to an im!{mlse in pressure. Tharefore,
the table consists of kernel values K, (

syPsnr By t-nat)
versus X, Y position for a discrete time (t-nAt). With n known, it is
held constant for the kernel value K___(R__, R_ ) determination. From the

position of where the wave height isth bexgonf’f)xtlzted, the kernel value can be
obtained.

In the table, a particular kernel exists for discrete X, Y positions. The kernel
function is assumed to be linear between tabulated points of known X, Y position.
The particular R_, R_ position may lie between other X, Y positions in the
table. Linear in%lerp&ation is performed on the 4 kernel values at the 4 X,Y
positions immediately surrounding the desired Rx’R .

Computer plots for the kernel function were generated for each unit of
time from the VGW table. A family of 6 curves was plotted for each sub-
table of kernel (Kyxy) versus longitudinal position (Rx) and lateral position
(Ry). These plots were created by choosing alternate Ry's (Rx's) and hold-
ing the value of Ry (Ry) constant and then sweeping through each Ry (Ry)
in the subtable. Nondimensionalized kernels were plotted versus position

for times 2, 4, 6, 8 seconds corresponding to subtables numbered 22, 42,
62, 82 (see Figures 29, 39, 31, 32).

127

. Al
e L T T

b

T it




sl l“‘l‘m

h

i

|

r

A i
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Subroutine: 1IKINTRP

Retrieve nyn for the function ny (Rxn,’Ryn’

For each Ty values of the kernel function are pretabulated for each

Tn)

X, Y position.

Y
Ky (p_gs Y) KX, Y))

X x
X T Constant
Ky Rygr Ry

{

) & X X

K 7

Linear interpolation on K1 s K2 » K 3 K 4'co obtain nyn

Weighting factors:
X -R

WT, = T;ETTL WT_, = 1—w'rx1
“p T p-1
Y -R N
WT. ., = WT _ = 1-WT
17 gt y2 y1
q gq-1
= C 4 T + 11
ny WTxl WTyl Is.i WTXZ WTy1 K, + W’I‘X;WTyZKS W rxzw'ryzK 4
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POZITION HISTORY OF ACV-LC. As has already been discussed, it is necessary to kenw
all past positions of the vehicle in order ro determine the vehicle generated wave
Iiowever, it is not actually necessary to know the exact
position, put the change in position for each time step up to the present.

This position has 2 horizontal components, north and east. The variables

are stored in a table:

(VGW) heights.

A;\'i change in north position for each time step
AYi change in east position for each time step

The VGW model needs the body axis change in position, necessitating the
saving, of angles. With roll and pitch angles small, assume a change orly

in the horizontal plane and orly save vehicle heading. Transformations
need the direction cosines of the ~angles, however. Therefore, the variables

are:

The table of past positions becomes successive entries of:

ax,
1
AY.
1

These positions are saved for t-nat, n=0,1,2,3,..., Xr where t is the present

time step.

The position history over all ime would consist of a voluminous amount of
data that would exceed the core storage of the computer; as well as, the
cornvolution over all time would be an impossible number of computations.
The number of past position states has been limited to N, =160.

The position entries to the table are performed top down with the present
position &t the top. The true heading is inserted at each time step, but
the linear change in position at the present time step has to be added to
each previous change in position to yield the total change in position from
the present to that particular time. For example, the table looks like the

following for only a change in north position:
A }gi

AX

RAVTRAEQUIPCER

Cos ¥ at each time step

Sin ¢ at each time step

0

Al's.1

75-C-0057-1
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’% NAVTRAEQUIPCEN 75-C-0057-1 :
AX, AX
4 L-3at 3
AX, X
Yo(N, -1 At N -1
1 . AX. X
5 - lt‘NT At NT
- At the next time step, t +At, AX; =A X
- H+At
is summed with all entries and the previous table becomes:
A%,
3 AX+AX
A X +A X
A X +A X
| AX +AX
. T-1 "
Where & =AX, has become AX _ +AX . The previous AX
XN lt-NT A t 7 n N

is dropped from the bottom of the table and lost. This table has N +1 entries,
N past positions plus the present position.

- However, in the interest of limiting computations, the convolution integral

= need not be performed over all position history, but for selected time intervals.

3 These positions are stored in an array (STATE) for t-nAt: n=0,1,2,3,4,6,8...,N_
3 . The array length consists of N_ /2 +2 entries. The remaining posmon

3 ! histories are stored in a separate entry (ODDSTATE) for t-nA t:n=5,7,9...,N, -1.
=5 The array length consists of N /2-2 entries. This table storage and update

4 is performed by Subroutine: HISTORY

: Initialization

The position table histories must be initialized in order to begin execution.
All N,+1 entries are set equal to the initialized values of change in linear
posfuon and heading, These 4 quantities are stored successively throughout
both tables:
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Cy
SP

This initialization is performed in Subroutine: HSTRYIC.
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NAVTRAEQUIPCEN 75-C-0057-1

TABLE GENERATION. The Vehicle Generated Wave (VGW) table consists of 82 subtables oi
distinct kernel values. Lach subtable corresponds to a pressure wave versus %, v
position for a discrete time in the past. The last subtable (number 82) corresponds

to 8 seconds in the past. The x, y positions are referenced to the CG in body
coordinates and are magnitude only.

I
A L R AR

The kernel table is generated by a FORTRAN program TABKS. The spline
curve data points are read and a set of spline curve coefficients are computed.
At which point, the program reads the data to begin table generation. This
data consists of nondimensionalized time and a list of nondimensionalized

x and y positions. For each x position, the y position iist is swept to compute
a kernel value for each combination of x, y position. The number of kernel
values computed equals the number of x values times the number of y values.
Consequently, the computational ability has been limited to 30 x's by 30 y's.
After the subtable is computed, it is formatted and written on magnetic tape.
Data for time and position is then read for the next subtable computation

and the calculations are repeated for a new time.

These subtables were checked for curve smoothness by an eyeball method.

Two computer plots were generated per subtable, one versus R_ and the other
versus Ry. The fifth Ry (Ry) in the subtable was randomly chesen as

represent..tive and all Ry's (Ry's) were swept. These plots were visually

selected on piecewise linear curve fit. Discontinuities were reduced by

selectively adding an Ry (Ry) to the input position data, The subtable was

recreated by only calculating the kernel values which did not already appear

in the subtable, The final check of curve smoothness was accomplished by ~

plotting a family of 6 curves per subtable (see Section 3.5.2) and visually
determining the necessity of adding other points.

T T e AT

T

‘ ™ \
S A

)

il
w

" )
A S

m”
i




NAVTRAEQUIPCEN 75-C-0057-1

TABKS: Compute kernel values from the equation

© 2 2 i+]
s [k dk . 4 L.
K® Ry, Ry, 0 ’.[o 45 vsin Vi L_.z 1 j.=.1( D QU Ry, ¢ij)]

t is non-dimensionalized time
where R‘{ and Ry are the non~dimension coordinates of the point where the

kernel is being computed relative to the vehicle cg. in the vehicle coordinate

system at non-dimensional time t

Z k is the radial component of the conversion of the two dimensional inverse

fourier transform to polar coordinates

i a is a diffusion parameter (set to 0.5)
- Y = /g k tanh (kh)
acceleration of gravity

il i A
[15¢}
1]

non-dimensional depth of water (assumed 1. 0)

=2
n

Rij and ¢ ;5 are polar coordinates of (R\{, Ry) referred to the four corners

of the craft

WW“!“L i l"m!”“““““"Y 1

2 2 i+j
= 2 T (-1 Q (k, Rij’ ‘;ij) integral of the angular
i=1  j=1
= component of the inverse Fourier
4 transform
FINDKO

il WL
1

Determine a limit of integration (ko) to replace the infinite limit, such that

L R T TR R T T TR A I

2 .2 Tk
'j s es2 (=) ,/koe 20 o
z where ¢ is the maximum allowable error (set to .01)
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- INTDK?2

Perform the integration over k using a Gauss-quadrature mecthod.

WNING

Compute the integrand

2 2 i+j
k Ysin(Yt) i 2z (-1) Q (k, R.., ¢ ..
i=1 j=1 1 1

Qs

Perform the double sum and compute the function

Y
: = - 3

Cn (k) JZn(kRij) sin (Zn@ij)

where k' = o'k

and o' = %a

J2n = .‘Znth order Bessel function

Cn (k') are coefficients which are fitted with a spline curve

PREP: Read in coefficients of spline curves,

H

GCNK4: Compute C_ (k') from spline coefficients
BESSEL: Compute the Bessel function Jan (kR) in double precision

SESSEL: Compute the Bessel function J, = (kR) in single precision
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NAVTRAEOQUIPCEN 75-C-0057-1

VGi CALCULATIONS. 1t has already been stated that there are a volumirous
number of calculations to determine all VoW heights under the hull plunfors.
So many that the calculations cannot be performed in real-time. The VCu
heigiht calculations are performed in the background and are processed through
a first order lag in real-time to prevent a step in VGU hLeight. ‘
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NAVTRAEQUIPCEN 75-C-0057~1

Subroutine: FILTER
, |
. n = ..__l__.__._l__s...rl n
\/GWk VGW VGWNEWR
~
i t
n - At ] At

— + i1~ n
T T 7
VGWk VGW VGWNEWk \. VGW VGW K

L}

—-——

Number of hull bottom plating points

At Sampling period = .05 Sec

T First order lag time constant = .05 Sec
VGW

VGW Vehicle generated wave height (Ft)

0 Newly calculated VGW height (Ft)
VGW

NEW

| ,
H

d T

Wi
i

o pm T T

T
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SAVTRAEQUIPCEX 75-C-0057- 1

STATE INTEGRATIONS

An orthogonal Euler transformation matrix is defined (see table 8 )5 relate body
coordinates of the vehicle to the earth-fixed coordinate system. With

the transformations defined, the Basic Motion Equations (see table 9)can also be
defined to show how all positions, rates, and accelerations are related.

Two integrations are necessary to take the oulput of the Equations of Motion
(acceleration) to arrive at position. Tue: are accomplished by a second order
predictor-corrector numerical integratior-. This scheme executes very

quickly and only needs a single execution ¢ the Equations of Motion. The
stability and accuracy of the predictor-corrector are very good for such short
computation times.

The second order predictor-corrector method used is shown in one variable
to facilitate ease in reading., The scheme in all variables is also shown

for completeness.

The integration scheme simply predicts position and velocity, corrects
position and velocity, corrects position, solves the Equations of Motion, and
corrects velocity. The velocity integrations are performed in the earth-
fixed coordinate system. Summing initial conditions with the integrated

values is also necessary.

Because the scheme is of second order, two past values are needed for
each integration. A simple Euler method is used to get the scheme started,

along with an initialization pass.
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NAVTRAEQUIPCEN 75-C-0057-1
= TABLE 8 . EULER ROTATION DEFINITION
: Subroutine: C THREE
ii Coordinate Transformation- Inertial to Vehicle . '
= A, A_ A
3 ; [ ] [ ][‘! 11 712 *°13
: C =1o119] ¢ =
v | Al By Ay :
- X"y Tz :
A3l B3 A33 :
_cecy ' CO8y 1-59©
............. eyt RS-t S AU
= |-C#sy 159593y ; CACy 15ps0Sy | SHC O
S$S Y +CHSOTYI-SPCY +CPSOSY 1 CHC O
i
i
__ o1, i 4, H -
1 L SR -}--S-z'i ------ }---e- For Small
1 ~ |-S¢ ¢ Co : 9
; s e 3, 6 (<10°)
£ $S¢ +6C¢ | -pCP+65¢,; 1
= & Euler Angle Roll of ACV (RAD) i
1 <] Euler Angle Pitch of ACV (RAD) :
- ¢ Euler Angle Heading of ACV (DEG)
Sy Sin ¢
4 : C¢ Cos ¥ i
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Tl

Scheme in One Variable
For t=0, Where Xt = Ut =0

X =X +X
0 t

Gravity Forces and Moments
Sum Forces and Moments

Equations of Motion
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SECOND ORDER PREDICTOR - CORRECTOR INTEGRATIONS
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NAVTRAEQUIPCEN 75-C-0057-1

o t
U = U +X
0 t
. v
X =C U
t i
X =40 (X +X ) +X
t 5‘ _'2—' t t- At t-2at
X =X +X
o t

Gravity Forces and Moments
Sum Forces and Moments

Equations of Motion

[ at (U +U )+ U
t t -at | t - 2A¢
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Fort = nat, n>l1

\
bl s e s, s

0
1

X + 2at 5(
t t-

¢ “t-2a at

P =0

2 L
t t-2at toat Ut-A

t

X =Pt +aPC

\
ety e e

U = 1‘3t +APC

X =X +X
o t

ool s o, s

c =X + 8t (X +X )
2 t t-at

1.

APC=4/5 (Ct - Pt)
X =P +aPC
t t

X =X +X
o t

: Gravity Forces and Moments

i

Sum Forces and Moments

Equations of Motion
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PSRRI
o)
I

- . t .. L ]
t Gat T 55— (U H U p)

|
m L]
O
1]

4/5 (Ct - Pt)
u = f’t +APC

U =U +U
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NAVTRAEQU1PCEN 75-C-0057-1
Xo Initial Inertial Position
. Uo Initial Body Axis Velocity
Xt Integrated Inertial Velocity
Ut Integrated Body Axis Acceleration
X Inertial Position
U Body Axis Velocity
C_V Vehicle to Inertial Transformation Matrix
\Y 1
5{1: Inertial Velocity
Xt-ZAt Inertial Position at 2 Time Periods Past
't . Inertial Velocity at 1 Time Period Past
-4
: APC Position Corrector Value
; U, oAt Body Axis Velocity at 2 Time Periods Past
= Alz-‘C Velocity Corrector Value
= At Sampling Period
- Ut Body Axis Acceleration
E Ut At Body Axis Velocity at 1 Time Period Past
' . X Inertial Position at 1 Time Period Past
- t-at
A « Pt "Predicted Inertial Position
, ; Ist Predicted Body Axis Velocity
é 5 (:t Corrected Inertial Position
: ét Corrected Body Axis Velocity —
] }
1.1 Body axis acceleration at 1 time period past
t-at
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SR

PP

Fort=0
5 iA}gi= 0
AY.=0
i
Fort=At

AX. -AX. =X
17 4 0t

AY. =AY, =Y
T 4ot

T
i

Fort=nAt, n>1

NAVTRAEQUIPCEN 75-C-0057-1

Change in Inertial Position for Vehicle Generated Wave

= 1 [ *
3 AX. = = [2At 2 X, ,, +X) -AX
= 1 5 [ t At 1 lt"At
1 [ ] L ]
AY. =+ |2t @Y, A, +Y) -aY., 1
1 i 5 [ t-At i i A tJ
- AX, =AX
t-at '
AY. =AY,
1t-4t i
A X, Change in position along Xi (Ft)
A Yi Change in position - ong Yi (Ft)
AX A X, at one sampling period past (Ft)
1
t-At
AYi A Y, at one sampling period past (Ft)
t-At
f 149
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NAVTRAEQUIPCEN 75-C-0057~-1
Scheme in Total

Where

Subroutine
) (8 st

Q—
It
<—
g
2
|
o

SYSACVIC

SUMICS

SUMICS
-180°< ¢ < 180

T T

SUMICS

B! Hb

SUMICS

M

%!
B

B
2
3]
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Zt-z At

Xt-ZAt
Yt-ZAt

ét-ZAt
et-ZAt
/

Y-2at

NAVTRAEQUIPCEN 75-C-0057-1
Subroutine

P +0r
q -¢r

¢q +r

b e

r---..<= ¢

(-..
i b‘l.
e
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Ak

E-At 4 Subroutine

*
De

Ot ~At =

Ye-at

APC

APC = 0

Gravity Forces ang Moments G
RAVITY

Sum Forces and Moments

j FORCES
] Equations of Motion ‘
MOTION

a
t-2A¢t

v
t-2at

wt-ZAt wl

3

Py 2t P

M““WWMA I

Yozap p= {9

Ir r!
t-2At

PO [ N T AT
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Subroutine

X. X t
i io i
Y, = Y
i iof ¥ ;! SUMICS
z
i Zio zi'
¢ ¢o @'
; _ S
7 - dod o\ UMICS
‘p -1
- Yo ¥ -180° <w< 180°

SUMICS

3]

D

IR I
< @
¥
b
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NAVLIKAEQUIPCEN 75-C-0057-1

Subroutine
1+ u u!
o
v = v + v! SUMICS
w w w!
0
P P p'
q = qo + q! SUMICS
T r r!
o
X, u
1 -
» v
Yi = C. v CTHREE
i
z. w
i
y pP +0r
= q-#r CTHREE
4 ‘kq-i- r
X ' L) + - A
i B i xt-At t-2at
Y')=4 at ‘:’ +Y
i 5 N i t-at t-2at
E zZ Z +2 z
= i — i t-at t-2at )|
= ' r - e N
+¢
¢ ﬁ t-at ¢t-2At
'\ =4 at £+ 5 +
o )75 == €78, at 8:_2 .t
= ' - . .
v+y
: v - t-at {Yt-2at
3 . -




Gravity Forces and Moments

]

B

o

€

Sum Forzes and Moments

Equations of Motion

<¢‘
1
s

at

2

<4

Subroutine

SUMICS

SUMICS

-180°%< ¢ =180°

SUMICS

GRAVITY

FORCES

MOTION
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t-At

P
t-At

t-aAt

b

t-At
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p +8r

q -¢r

dq+r

v!

wi

NAVTRAEQUIPCEN 75-C-0057- 1

157

Subroutine
LZohroutine

SUMICS

SUMICS

CTHREE

CTHREE
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For EiﬁAE n >1

X
t-2 At

Y
t-24at

z
t-2At

bY
t- At
+ 24t ¥
t- At
Z
t- At
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Subroutine
APCx)
+ JAPC
y
FC
z
APC
+ APCa
APC
{apc
a
+ {AaPC
v
F'CW
+
a

Y
&

PC
p

PC
q

F-Y
PC
r

3{’:\

1

+ { i SUMICS
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+ g' SUMICS
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Subroutine

SUMICS

SUMICS

SUMICS

CTHREE

CTHREE

X 4%
At Y +Y i
2 i Tt-At :
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Subroutine

é L ¢
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Gravity Forces and Moments
Sum Forces and Montents

Equations of Motion
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Subroutine

GRAVITY
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Subroutine
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TRANSCENDENTAL rUNCTLIONS

The transcendental functions are the standard arithmetic functions that
are implemented as library subroutines for general purpose usage.

ARCTANGENT. This function was taken directly from the Sigma 7 FORTRAX
library (6ATAN). It is s two argument function. The one arpurent entr:
was removed. 3ee Figure 33 for a commuter generated plot.

COSINE. This function was taken directly from the Sigma 7 FORTRAN library
(6C0S). The sire entry was removed. See Figure 34 for a computer genrerated
plot.

SINE AND COSINE. These functions were specially developed as curve fits for
fast execution. The cosine is simply 90° phase shifted from the sine with

angle inputs limited to ¥360°. This function is a piecewise linear

(I(x) = A;X + ) fit of equal 10° segrents usine a nin-max (minimize the
waximum error) fit and adiusted for function continuity at the segment
boundaries. The maximur: absolute error eguals .0019 at

800 and %110°.
See Figures 35 through 40 for the functions, absolute errvr, and per-
centage error.

SGUAR:L ROOT. This function vas taken directly from the Sigma 7 FORTRAN
library (6SQORT).

Other function approximations were developed specially for fast execution.

This function is a piecewise linear (f(x) = AjX + By) fit with segment length
chosen allowing a maximum error of .5% using a min-max fit. The maximum
absolute error lies at the lower boundary. This furction (7SGNSGR) is

a signed square root:

f(x) = V?.— f—fl—

It is implemented as:

AiX + Bi x>0
f(x) =

A;X - B X40

[

See Figure 41 for computer plot of function.
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NAVTRAEQUIPCEN 75-C-0057-1

Another function (7TASQRT) is the same except that:

flx) = X IXi=1
See Figure 42 for computer plot of function.

DERIVATIVE OF SQUARE ROOT.

This function is a piecewise hyperbolic (f(x) = A;/X+Bj) fit with segment
length chosen allowing a maximum error of 2% using a min-max fit The
maximum absolute error lies at the lower boundary. This function

(7 DASQRT) is a signed square root derivative:

1 Xl > 1
f(x)=(2 +/ixi
1 IX]I £1

See Figure 43 for computer plot of function.
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NAVTRAEQUIPCEN 753-C-0057-1

CRT DOCKIMG AID-VISUAL

In order togive the pilot visual affects that would simulate those onthe craft,
a line drawing was created on a cathode ray tube (CRT). This display
simulates a three dimensional picture of the mother ship's stern well to
facilitate docking. Range and bearing and a target showing relative sizc
according to distance are shown to the pilot.

No attempt is made here to describe the method or development of this
visual simulation. The display was developed and programmed at NTEC
and interfaced by CSDL to the real-time simulation.

A st o g

Although an attempt to display a mother ship is made and docking maneuvers
can be performed, no modelling of this complex two body problem has been

considered,

Another Visual Simulation

A e o i st

As a part of the ACV-LC trainer, another visual simulation has also been
- installed. This visual simulation needs signals from the simulation. This
E part of the trainer was developed and interfaced to the real-time simulation
2 by NAVTRAECUIPCEN. No attempt at description is made here.
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NAVIRAEQUIPCEN 75-C-0057-1

INITIALIZATION

In order to begin execution of the mathematical model equations, certain
variables must be initialized. Since this model was developed around a quasi-
operating point of the vehicle, no startup procedures have been cefined. Initial-

=4 ization of the vehicle to this state must be performed. The state chosen for

= initialization is a hovering condition at zero speed with the vehicle supported

% by its air cushion.

£ The individual parameters to be initialized are all encompassing, but their
3 values were chosen by trial and error. Other parameters that need to be
initialized are calculated by their respective equations and by properly
arranging the flow of execution.

The parameters which need to be initialized are simply the effectors and the
pressures. This establishes the proper quasi-operating condition of the
vehicle. Correspondingly, however, the pilot commands are initialized on
a one to one basis with the actual control device.

Subroutine: SYSACVIC

N

Z

Tn Tn¢

‘ Ns; = Nsje
E Npanj © Ngj “Rran
Np; = NpaniGRp
B Pousui “Fcusmis

BPj = Bpj &

Puman PrmaNj

by T bye :

I P
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1,n=1,2,3 Starboard
2,n=4,5,6 Port
i=1 STBD Fwd cushion compartment
i=2 STBD Aft cushion compartment

i=3 PORT AFT cushion compartment

i=4 PORT FWD cushion compartment

PousH i Pressure within cushion compartment (Lbs/Ft2)
PoysH ig Initial value of Pyqp ; = 109. 37297 Ibs/£t2
NTn Turbine speed (RPM)

NTn ¢ Initial turbine speed = 16, 800 RPM

. NSj Power shaft speed (RPM)
st ¢ Initial power shaft speed = 13,200 RPM
NF ANj Fan speed (RPM)

NP ; Propeller speed (RPM) %é
- BPj Pitch angle of propeller (Deg) %
; Bpis Initial pitch angle of propeller = 12, 9° §
P AN Manifold pressure (Lbs/Ft%)

: PMANj b Initial manifold pressure = 130.9 Ibs/ft2 | i%
"i z,bN Thrust nozzle angle (Deg) : §
= In Initial thrust nozzle angle = 180° %
i GRF: AN Power shaft to fan gear ratio= . 1297 %
: GR.P Fan to propeller gear ratio = . 6427 g

b il
& A g

I

i
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Subroutine: CMDINIT

* Ppig
N 1\T'I'n P

= Ng.
_ Sj¢

i,n=1,2, 3 Starboard
2,n=4,5,6 Port
Propeller pitch vernier wheel command (Deg)

Nozzle angle command (Deg)

Rudder angle command (Deg)

Nozzle angle switch (Fwd/Aft)
Propeller pitch angle command (Deg)
Initial propeller pitch angle = 12, 9°

Turbine speed command (RPM)

Initial turbine speed = 16,800 RPM
Power shafl speed command (RPM)

Initial power shaft speed = 13,200 RPM

1
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|
l
|
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SECTION 1V
SOFTWARE STRUCTURE
The software structure is a modular system and is basically comprised of §
major divisions:
Program load and initialization

Background

Foreground

Trap handling

Common storage

The first three tasks are linked directly by program flow and shown in
Figure 44 . Traps are handled for normal and abnormal occurrences in
these three tasks. The separate common storage (module DATAPOOL)
contains data (constants and variables) which is used or manipulated by

the 4 above tasgks.

LOAD AND INITIALIZATION
The ACV-LC real-time simulation program is loaded from 9 track magnetic
tape. Once loaded program execution begins with all interrupts inhibited.
The traps handled by the program are initialized and are:

Control panel

Counter 3 zero

Counter 3

Power up

Power down

CAL4

Memory parity.

Non-allowed operatica

Unimpiemented instruction

Nhﬂmmﬂﬂlﬂlﬂlﬂmlﬂﬂﬂnﬂﬂlﬂiﬂﬂmﬂﬂﬂﬂﬂmﬂmﬂlﬂllﬂlﬂlﬂmﬂﬂﬂmmmﬂ T bl T il “f i i
ﬂmmlunmmnnmmmunnmnnmnnmmmnnmnnmnmmmmmm_wmmmwmmmmmmmnmnmnumunmnunuummmmnmnnmnnnmnmnnnmmﬂnmumI»u1mu1iurLInﬂummﬂnmﬁwwmummmmmmmmwmmmmmﬁmmuuu i

wwmmmmwwwwmwwwwmwwwwww\H\IMMWMMM

Push down stack

Fixed point arithmetic overilow

Floating point fault

o
Byl

: Decimal arithmetic fault

Watch Dog timer runout
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Initial Program
LOAD

'

Inhibit Inte rf'up’cs

!

Initialize Traps

!

Cue Typewriter for 9T Unit #

!

Inhibit Interrupts

R

Initialize Traps

Y

Read VGW Table

Y

Initialize I/O

Y

Initialize Timing

BACKGROUND

PROGRAM ENTRY

READVGW

READVGWI

RDVGWBPM

INITSTRT

FOREGROUND

A

SIMULATION

Figure 44 , Basic Software Flow and Structure

187

EXECACV1

ACVSIM

[PRURPUIV—-

i i i i " Wl i ) i ! i m TR
mmMmmmwwwwwwwmmmmmmmmmmmmmmmmwmmnmmmeMwmemwmwwmMMwwwwwwmmmmwmmmwwwwwwwmwmwmwmmwwx e e




WWW"WWMWWWMHM e

T e 1y

=
=
=

NAVTRAEQUIPCEN 75-C-0057-1

Restart
CAL1

The vehicle generated wave table of Kernel values is read if the option was
selected at the time of load tape generation and if the proper response is
made to typewriter cue., The table is read from the tape and stored in
sequence. The beginning addresses of each subtable are stored in a

separate table.
Initialization of all Input/Output (I/0) is performed. All I/O software
request flags are reset., The time of day and the date are reset and the

type-in flag is set to request the proper time aund date. The I/O hardware
and the audible alarm are reset to their usable states.

The program timing initialization is performed by resetting and disabling all
interrupts and by setting the Counter 3 interrupt. The interrupts used are
enabled:

Counter 3
Counter 3 Zero
Memory Parity
Control Panel

Program Entry

At the time of self loading tape creation, a transfer address is specified
which will be the point of initial execution after program load. There are
3 beginning points from which the simulation program can start (see
Figure 44): )

READVGW
READVGWI
INITSTRT

READVGW

If READVGW is selected as the program entry, this message is typed on
the ‘console typewriter:

TYPE 9T UNIT NO. FOR VGW TABLE
OR NL TO NOT READ TABLE:
The typewriter input light is turned on and the program waits for an input

by the operator. This input must be a decimal digit and/or a new line(NL)
character.

188
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If a decimal digit I and NL is typed, the vchicle generated wave kernel
table will be read from 9 track (9T) magnetic tape (MT) unit number 1.
Transfer will be made to the program entry READVGWI.

If an NL character, only, is typed, the vehicle generated wave table
will not be read and the program will transfer to the program entry
INITSTRT. :

READVGWI

If READVGWI is selectied as the program entry, the 9T-MT unit number
equals 0 and the vehicle generated wave kernel table will be re:i.d from
the end of the self loading program tape.

When the kernel table is read successfully, these messages are typed to
the operator:

VGW TABLE SUCCESSFULLY READ
NO. OF SUBTABLES READ = 82

The flag, VGWFLAG, will be set equal to 1 to run the VGW package and
the program will transfer to the program entry INITSTRT.

INITSTRT

If the vehicle generated wave kernel table has not been read by the time

this program entry has been reached, the VGW package will not be run

in simulation. The program entry INITSTRT initializes the traps, I/O,

and the timing and transfers to the Background Task (BACKGRND) for system
operation.

BACKGROUND

The Background Task takes up ail computer time not spent in the Foreground.
The primary function of the Background is to perform 1/O. The several
functions are: typewriter input/output, card reader input, line printer output,
and the CRT display. Other functions are also performed; the calculation of
dwell time (amount of time spent in the background) and the vehicle generated
wave height profile calculations.

ittt

Typewriter input allows the operator to change the contents of any memory
location, the time of day, and the date. Typewriter output displays the
contents of any memory location in any of several formais. The typewriter
may also display software status messages to the operator. Cards may be
read to perform modification to data within memory. The line printer may be
cued to display the state of the ACV-LC in a clear format or the contents of
the DATAPQOOL may be dumped.

T
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PROGRAMMING, Figures 43 through 49 sbow tne 1low of module execution of the
Background Task. These flow diagrams are functionral in nature and do not show
the minute programming details. The wajor modules making un the Background

Task are:

BACKGRND
TYPE
TYPEMSG
CARDS
CARDIO
PRINT

These modules are cycled indefinitely and are subject to interruption by traps,
but primarily by the Foreground Task. Other modules are called as needed
to perform specific functions (i,e., CARDREAD(M:READ), PRNTLINE (M:PRINT).

Dwell Time

The background timer is a counter that keeps track of the length of time

that the background task is in operation. The value of the counter is saved

and reset each cycle by the foreground. Subtracting the background time

from the time of a complete ACV simulation sampling period will provide

the time ipent in the foreground. The timer (BGTIME) is incremented in units
of 12 microseconds. It is saved in location BGTIMSAV. With the background
timer acti%e, the peripheral equipment and the CRT and the VGW cannot
operate, e background timer occupies the entire time spent in the Background

Task,

Ll L U L i R kg g A e T
f b

Switches

; ST T
U R

There are 2 sets of operator controlled switches which control the simulation
program, the console sense switches (CSW) and the system switches (SSW).
The switches and their functions in the Background are:

. CSW 1 deactivate VGW & CRT
’ 3 deactivate CRT display
SSW 8 Read cards
9 call SYSPRINT
11 dwell time
15 Call PRTDATA
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AN BACKGRND

4\!11 SL‘B———-— —— —- _]

BGTIMIS

In< rvmom ] ;

e

R R A [

Call DLOOP R

Is

TSW1 Set X

/'

iy ‘q" "l‘l.‘ S

T T

VGGOFLAG: ¥ -——l

e

Call VGWAVE

;

TYPE

SR

Il

Figure 45 . Background Task Flow-BACKGRND
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TYPE

is

typing in

progress
2

is

type in

reguested
"2

Read Line
from typewriter

Cancel type wait
cancel I/0O request

set wait

Type message
to request
fime & date

is
line completSmi

is
line

ccn‘;_in/mi/

N

cancel wait

RN A e WA 1 s

t —8

TYPEMSG

Figure 46. Background Task Flow - TYPE
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TYPEMSG

a1 00 it ¢ 3 i 0

= Y
3] Type the message h

A T

CARDS

it 0 1t

Lot i

un ottt Ml g g e gy o s 111

g

i R

ot l\“l i ‘l.l‘l U

I
i

L

Figure 47 . Background Task Flow-TYPEMSG
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CARDIO
Read Card
Print Card Image
Is N
RDINFLAG
Set ?
Is Car N
ACVINIT
?
s Card Y
ENDACVIN
?
Set RDINFLAG
N
= Reset
é RDINFLAG
= Decode Card
CARDS OFF
-&- -@-

PRINT

ARG it it e € e 10

= . Figure 48. Background Task Flow-CARDS
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™y
A

Call SYSPRINT

T
(A

Call PRTDATA

F

BACKGRND

"
gt L

WA e il

Figure 49. Background Task Flow-PRINT
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SIMULATION RELATED FUNCTIONS. The specific modules which are shown are called to

perform a particular background simulation function. These are:
DLOOPER
VGWAVE
SYSPRINT
PRTDATA
DLOOPER

This module does the necessary data conversion to be used for generation
of the CRT display and calls DLLOOP. DLOOP generates the CRT display.

VGWAVE

This module calculates the vehicle generated wave height at one point under the

hull planform. Successive calls calculate the wave height at the next point.
SYSPRINT

This module prints the ACV state vectors, forces and moments, and the
status of effectors at their current values. This printout is formatted for
readability,

PRTDATA s

This module dumps the DATAPOOL contents onto the line printer by
hexidecimal address in floating point short (FS) format.

FLAGS

CRTFLAG is a software flag to activate the CRT display. This flag is
set in the foreground,

VGGOFLAG is a software flag to execute the VGW profile eanations. This
flag is set in the foreground.

196
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FOREGROUND

The Foreground Task is activated from the Counter 3 Zero interrupt at
regular intervals. This task updates the time of day, saves the computed
.dwell time from the Background and then resets the dwell time counter,
The interrupt is reset and if execution in the foreground exceeded the
proper interval, an error indicator is incremented. If the error occurred,
immediate return is made to that point of interruption for processing
continuation. The previous cycle will be o mpleted and the new cycle
will be lost. Normally, this erior condition would not occur and the
simulation would be called, However, if console sense switch (CSW) 1 is set,
the simulation executive would not be called, Return to the Background is

- made at the conclusion of the Foreground, See Figure 50 for Foreground
Task Flow.

The foreground task is primarily intended to provide the timing for the
simulation of the ACV-LC, This timing is necessary to provide the proper

time intervals for the mathematical modelling techniques of real-time
simulation. Although the software description to this point has only been
concerned with the timing structure and overhead, the primary objective

of simulation is accomplished in the Foreground Task. The mathematical
modelling of the ACV-LC is controlled by the simulation executive ACVSIM,

Consequently, operation in real-time necessitates a call to ACVSIM at every
time period.

The Counter 3 Zero Interrupt occurs at regular intervals of 50 msec (20Hz).
This interrupt activates the Foreground Task and is handled by the routine
EXECACV1, The timing of the foreground occurrence car be altered by
changing the variables RUNFREQ and EXCOUNTI. RUNFREQ is the integer
value of the frequency (20 Hz). EXCOUNT!I is the integer value -8000/RUNFREQ
{~-400). In order that real-time be realized, RUNFREQ should divide into

8000 an integer number of times exactly. EXCOUNTI is used to reset the
Counter 3 Interrupt. RUNFREQ and EXCOUNTI are the only variables used by
the program to determine the foreground timing. However, the sampling period
for real-time simulation should correspond to the interrupt period (1/RUNFREQ).
DELTAT is a floating point variable and is the sampling period used in the
simulation mathematical model. The value equals .05 sec.

ACVSIM

The simulation executive (ACVSIM) controls the execution of the mathematical
model. (See Figure 51). Upon eniry, the CRT display flag (CRTFLAG) and
the VGW executicn flag (VGGOFLAG) are reset, Simulation moding switches
are tested {o determine the path of 2xecution:

SSW 1 initial conditiors (IC) or reset
2 hold or freeze
3 operate or run
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EXECACV1

Increment RUNTIME

Is N
SSW 11

Set ?

Y

BGTIMSAV=BGTIME
BGTIME=0

o

Reset Counter 3 Interrupt

1 Is N

EXECON=0
?

<

] Increment EXECON
Reset Counter 3 Zero Interrupt

Increment EXSELFIN
Return to complete cycle

N
Call ACVSIM

¢

Decrement EXECON
‘Return to Background Task

"Figure 50. Foreground Task Flow
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ACVSIM
CRTFLAG=0
VGGOFLAG=0

1 _RESET
MODEWORD='INIT'
TIMOV=EXSELFIN
Call ICEQNS
Call DTA
EXSELFIN=TIMOV

1
MODEWORD='CRSH'

IMEX=TIMEX+DELTAT
Call DISCRETE

W
bt

L

Y

MODEWORD='HOLD'

-4 FREEZE

MODEWORD='OPGO'
Call ATD .

Set nozzle switch

|
| tncrement CRTFLAG

F

Call OPEQNS
Call DTA

T )

Figure 51. Simulation Executive Flow-ACVSIM
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Any combination of mcre than 1 mode switch on or all off results in the
hold mode, which is a donothing mode.

The reset mode cauces initializaticn of the ACV-LC to a stable condition
at zero speed and specified position. (See Figure 52 for flow) The time
overflow indicato~ cannot be incremented and the cockpit displays are
updated to correspond to the initial conditions.

§ The operate mode is the real-time simulation of the ACV-LC. The vehicle is

= operational and maneuverable in this mode. Each cycle in the operate mode

] first tests a flag (CIND) for a collision with the mother ship. If a collision
has occurred, the hold mode is entered. Second, execution time (fime since

1 entering operate from IC; is updated. Third, the input discrete word is read

; to determine cockpit switch status. Fourth, if execution time is less than

10 seconds or if console sense switch (CSW) 2 is set, the pilot commands

are bypassed. If execution time is greater than 10 seconds or CSW 2 is

reset (the normal case), then the pilot commands from the cockpit are

read into the simulation for use in the model equations. Fifih, if CSW 3

is not set, CRTFLAG is incremented to enable the CRT display. Sixth,

the mathematical model equations (OPEQNS, see Figure 33 )-are cailed

for execution, and then the displays in the cockpit are updated.

W Bt

A ) 190 1

The variable MODEWORD is set to a value of characters corresponding to the
mode of operation:

= INIT! IC, reset

= tHOLD! hold, freeze
'CRSH! hold, mother ship collisicn
'OP! operate without pilot commands
'‘OPGO! qQperate normally

This set of characters when printed is an irnmediate indicator of system status.

\mﬂp:

"

UV
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ICEQNS
Call SYSACVIC
CMDINIT
AIRFLOW
SUMICS
CTHREE
HSTRYIC
CVIHULL
SEAWAY
OCEAN

Call VGWAVE All Pis.

?

Call HULLHT
VOLCUSH
VOL.CUSH
WINDPAR

EFPOS
TURBINES
HULLHT
SKAREA
VOLCUSH
WVPUMP
CUSHP
AIRFLOW
SEA

cusd

Call SKIRTVG

}i

Cali AIR
AERO
DUCTS
DAMP
RUDDERS
NOZZLES
PROPS
INTGRT
DINIT

Figure 52.

Initialization Equations Flow- ICEQNS
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OPEQNS

Call CVIHULL
OCEAN

is
VGWFLAG=0NY

VGGOFLAG=VGWFLAG

’

Call WINDPAR
EFPOS
TURBINES
FILTER
HULLHT
SKAREA
VOLCUSH
WVPUMP
CUSHP
AIRFLOW
SEA
CUSH

N Call SKIRT

Call SKIRTVG

-

Call AIR
AERO
DUCTS
DAMP
RUDDERS
NOZZLES
PROPS
INTGRT
HISTORY

¥
H
H
£
;
H
§
S
=

Figure 53. Operational Equations Flow - OPEQ@NS
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TRAP HANDLING

Traps cause an interruption in program flow. Returning to flow continuation is
optional and depends upon its implementation (and operation, in some cases).
The Foreground has aiready been discussed, but is a trap (Counter 3 Zero)
interrupting the Background and does return for continuation, Other traps are
activated for a simple task and return immediately for continuation:

Counter 3

Control Panel

The Power Up interrupt causes an unconditional branch to the entry INITSTRT.

The Power Down interrupt causes an infinite donothing lo.op. Restart is not really
a trap, ‘but simply 2 means of initializing and [or restarting the simulation program.
When the operator pushes SYSTEM or CPU RESET the computer initializes itself

to memory location X'26', If the operator pushes RUN an unconditional branch
to entry INITSTRT is caused.

CAL1l is a software caused trap which is used to cue I/O procedures. CAL1l
is enlyused for those procedures involving the rcading of the V.GW table. This

trap is activated to perform an 1/O function and then returns to the program
for continuation.

All abnormal errors are hardware cued and are caused by software and/or

hardware faults. These faults are handied by traps. If an abnormal trap
ocecurs, the CALA4 trap is activated (see Figure 54 }to record the error,
turn on the audible alarm, and then places the simulation program into a WAIT

state for operator intervention. The fault traps which are handled in this manner
are:

Memory. parity

Non-allowed operation
Unimplemented instruction
Push down stack

Fixed point arithmetic overflow
Floating point fault

Decimal arithmetic fault

7 Watzh Dog timer runout

The error number is recorded in location C4ERR# and the address of the
error is recorded in C4ERRLOC. If the Memory Parity trap occurred,

the memory location which has incorrect parity is recorded in C4ERR MEM.
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CAL4

CAL4 SAVE= All Registers
Deactivate Interrupts

C4ERR#= Error Number

C4ERRLOC= Address of Error
CAERRMEM= Address of Memory Parity

Sound Alarm

WAIT

INITSTRT
Activate Interrupts
Figure 54 . CAL4 Error Processing Flow
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COMMON STORAGE

The DATAPOOL: acts as common storage for the complete simulation
program. Most modules interface with the DATAPOOL in order to facilitate
transfer of data from one module fo another, This centralized location of
data is also for the operator's convenience and is intended to minimize
external definitions of variables within program modules,

The DATAPOOL is formatted for readability in the following «+ay:

Forces and Moments
Summation Forces, Moments
State Vectors
Transformation Matrix

State for Line Drawing
Integration Increments (Not Used)
Change in Inertial Position
Constants about CG
Environmental Wind Factors
Special System Parameters
Equations of Motion
Propellers

Thrust Nozzles

Rudders

Aerodynamics

Propeller Ducts

Skirt

Manifolds

Compartment Volumes
Wave Pumping

Cushions

Gap Areas

Gas Turbines and Power Shafts
Seaway

VGW

Wave Heights

Hull Point Locations

Height of Hull above Water
Skirt Clearances

Input Discretes

Analog Inputs

Analog Outputs

1/0 Parameter List
Typewriter Status Messages
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MODULARITY AND TIMING

As has already been stated, the simulation program consists of a modulur
breakdown by function. That is, each modulc does a specified function or
task within the system. Most modules are executed as subroutines with
calls to them and returned from them. The structure has already been
shown, so that it is obvious that EXECACV and READVGW are entered by
unconditional branches., The major breakdown of the Background Task
has transfers from major modules by unconditional branches.

All subroutines link by using Register 15 except those whose names begin

. with a digit (See Table 10). Subroutines which have names beginning with

a digit link by Register 6 and are iibrary functions. The I/O library
functions link by Register 15.

The digit 6 preceding the name signifies that the module was taken from the
Sigma 7 FORTRAN library. The digit 7 preceding the name signifies that a
special numerical technique was developed for rapid execution as a library
function. The digit 1 preceding the name signifies that the module was

specially developed to solve a particular numerical task within the mathematical
model and are not library functions but use Register 6 as the linkage.
Secondary entry points within the major modules of Table 10 follow the

same rules. See Table 11 for the list.

The timing of most real-time subroutines has been indicated in the tables. These
numbers were obtained under the monitor and are not necessarily accurate as the
monitor does not always respond at the proper time. Nevertheless, these timing
numbers are good indicators of relative timing as they were obtained by
executing each subroutine 1000 times. The timing for the library functions was
obtained by either taking the timing indicated from the FORTRAN library listings
or by counting instructions,

Individual timing of each subroutine is not important by itself, but the proper
sum in the operate mode is. From the table, the timing of OPEQNS is
29,372 m sec., This number represents the system off-line without FILTER
and without the real-time simulation overhead of mode determination, reading
A/D's and discretes, and outputting D/A's. From actual dwell time of the
real-time system, 29.2 msec represents the time spent executing equations in
the deep ocean ( 29.2/50= 58%) and 40,5 msec represents the time spent in the
ocean shoaling region (40. 5/50= 81%),
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SECFoN Y
OPERATIONS
SYSTEM DESCRIPTION

The ACV Simulation can logicallv be described in three sectiors: the real-
time equations, the background 1/0, and the traps.

The largest section of core is taken b: the real-time ACY ecuation. The
timing for these eqguaticns is provided b» the Counter 3 Ievo Interrurt. At
present the Count 3 Zero Interrupt is rrograresed te rue at 20 iz, Tae pro-
cessor for the Counter 3 Zero Interrurt is contained iu tie rar »XECACY
which contains all the ACV interrupt processors. The Counter 3 Zers !nterrurt
calls the simulation program ACVSIM. ACVSIM drives all the ALV rath model
progrars.

R

The timing of the ACV simulztion can be changed fror 20 #Hi b+ altering the
locations RUNFREQ, EXCOUNTI, and DELTAT. RUNFREQ is the integer value of
the frequency which is 20 at present. EXCOWNTI is -8C00. RINIFREG and is - (D
at present. EXCOUNTI is used to reset the Counter 3 Interrunt. DLELTAT is

a floating point single value. It is the integration time constant; at
present set to .05 (1/20). 1In order not to lose time in the real tiwe simu-
lation, RUNFREQ should divide into 8000 an integer number of times.

by

iy

The ACV system has been programmed to . llow the real time equations te inter-
rupt themselves. 1If this occures, the equations will not be restarted dericy .
the new cvcle. The last cyvcle will be cormpleted from the point of inter-
ruption and the rest of the cycle will be spent in the background loop.
This event will be recorded by the Counter 3 Zero Interrupt. The interrupt
will increment the location EXSELFIN each time it interrupts the real tire
prograws.

The background I/0 programs are continually being cycled through whenave
the real time equations are not being executed. The hackpround programs
are made up of six subsections. These subsections are; the background timer,
the CRT driver, the typewriter input processor, the tyjpewriter error messige
processor, the card reader Trocessor, ané the line printer processer. These
sections contain all the I/0 for the respective peripheral equipment.

The background timer is requested by the operator by setting system s:nce
switch 11(SSW1l). The background timer is a counter that keeps track of

the length of time that background is in operation. The value of the counter
is saved and reset each cycle by the real time interrupt. 3Subtracting the
background time from the time of a complete ACV cycle will provide the tire
that the real time equations are using. The timer is incremented in units

of 12 microseconds. It is saved in location BCGTIMSAV. As long as the back-
ground timer is being calculated (i.e., SSV1l is set), the prerirhsral equir-
ment and the CRT cannot be used. The background timing prograr occcupies

‘the entire time the simulation is in the background state.

.
!‘!g 114

The CRT driver will display visual cues to the cockpit cperator duri t
{CSV'3)

ACV sirulation. It will not be executed if cecnscle sense switch 3
is put on.
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MR R

ine typewriter input processor reads ang [ ILGCesses on rator
= the typewriter. Requests can be made to the tyrpewriter proira
the typewriter input light is lit. This light is set on dur
tialization. It can be put on or eif aiternately by Lriggericg the console

interrupt. When type requests are not being made, tihis light sheuld be put

off.

ay

il
L

The typewriter error message processor will print error ressayes cn the
cypewriter. These messages cannot be tyvped if the typeuwrit
= is 1lit.

[

The card reader processor reads cards. Card reading is requested bv the
5 operater by setting SSHS. )

The line printer processer prints syaten sarameters onte the line srinter.
= This is requested by setting 58¥ 9.

The third section of the ACV sirmulotion is the errcr trap processor. VWhen -
= an error trap occurs, the trap in turn calls the trap CAL 4. CAL L will b
save all the register values plus some diagnostic information. BSeven tyees
errors can occur. (Memory paritv is not really a trap but is treated

oi
] like ore in the error routine).

Error # frror
0 Memory parity g
1 . “on-allowed operation §
2 fnimplemented Instruction ;
3 fush down stack fault ]
4 Fixed point arithmetic overilow 3
5 fleating poiant fault i

4 6 . Decimal arithwetic fault

7 Hatch dog timer

Three words are saved, along with the data registers, vhen one ci these
errors occurs. C4 ERR¥ contains the nusber of the erreor that occurred in
= the right most hexadecimal character. C& ERRLOC is the ¥51'1 of the P3D of
the trap that occurred. Tais word cortains the wemory lccation that caused
the error (except memorv parity error) and the condition code bits that
further define the error. C& ERRMEM has the memory module fault bits in
bits 24-31. 1If 2n error occurs the console alarm is triggered. The cor—
nuter will po into the WAIT state. There are three wavs te reccver f[rom :
3 the WAIT condition. The program will centirue from the location that causcd .
= -the ervor, if the operator sets console sense suvitch 1 (CSW1) off and puts
e the computer ir the IDLE and then RUN rodes. The system will be Ielllt iglized
_ if the operator sets CSULl on and puts the comruter in the IDLE and RUN state.
= An alternate wethod of reinitializing the system can be done by putting the
= . computer in IDLE, pressing CPU RESET, and putting the computer in the RN
; : rode. The last method will reinitialize the ACV svstem at anv time during

the ACV Simulation.

I
hmiabsinadubiuimssibios ik
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IHNITIAL LOAD

The ACV Simulation Svstem is ca?Laineé
inte the corputer with conscle sense sw
sense switches (SS¥) off. Csil inhé SRE:
calling the prograc ACVSIM. (3% 1 is

The typewriter will print:

TYPE IN TIME (HH:Mif) AND DATE
and the typewriter inmput light T The time and date should
be typed in. The simulation will rur if these values are not entered,

however.

The format of the iime imput is:

EH is the time in hours (0-23) and ¥ is rhe time in minutes {(0~53%). The
pacing is free format except there must be one and oni sne character
etween BHE and !?1. (3 is optional. Any character will do, including a

oy

The format of the date input is:

DATE MOX DB, 'YY

MOX is the three character abbreviation of the ¢
FEB, MAR, etrc.) DP is the dav ¢f the =meonth (ﬁi to 31); %
wo digits of the year (e.g., '73). The spacing of the data
format but the format of 'ON »D,'YY is fixed. There wmust
one space between the month and the day.

Unless other type-in requests are made, the tys
be put off by activaring the console interru.t.

»

will be discussed beleow.

The ACV simulation is controlled Ly the system sense switches 1, Z, and 3.
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SIMULATLON OPERATION
The ACV simulation is controlled by the svstem sen<e sw.tche- 1., e 2.

SSW1 is on for RESET mode
SSW2 is on for FREEZE mode
SSW3 is on for OPERATE mode

One and only one switch should be on at any one time. An;' other ccubina-
tion (two or three of the SSWs or or all of them off) of switches i, 2, and
3 will put the simulation in the FREEZE rode.

When CSW1 is on (as given in the load rrocedure above) none ot th. s cter
sense switches are tested. Their positions at this time are imnaterial.

To start the ACV simulation, put the system into RESTT by rnutting 3341 on
and SSU3 off. Put CSW1 off. CSW2 and CS¥3 should also be coff at this
time. The computer is now continually resetting the simulation parameters.

To put the ACV simulation in OPERATE set SSW1 off and 5843 on. The FREEZE
mode will be entered momentarily until the p- “per moding is achieved.

To freeze the simulation SSV2 should be set to on. The state of the cther
moding switches is not important. FREEZE mode is ir effect a s:sten nc-og.
No simulation I/0 or system equations will be executad. /0 on peripheral
equipment such as the typewriter can be done, however.

CSW1l, CSW2, and CSW3 are used to inhibit different parts of the ACV system.
CSW1 inhibits the entire simulation (tle call to ACVSIM and the CRI driver).
CSW2 inhibits the commands from the cockpit to the simulation. C3Uu3 inhibits
the call to the CRT driver. CSW2 and CSW3 are only effective in OPLPRATE

mode because the cockpit parameters and the CRT driver (DLOOP) are uot
referred to in RESET or FREEZE modes. The cockpit inputs and CRT outjpuis
will remain at their last yalues until REGET is entered. Thev willi be re-
initialized at this time. CSW1l, CSW2, and CSW3 do not effect the areration
of the typewriter, the card reader, or the line printer.

The status of the ACV simulation can be monitored periodically. Momer-

tarily setting SSVW9 prints various simulation parameters on the line printer.
IF SSW9 is left on, the data will be orinted continuouslv. A description

of the printed data can be found in ACV System Printout Description, Printing
can be done in any simulation mode but the printed data would be more useful
if printing is done in the FREEZE mode only. Printing the state variables
cannot be done if the background timer is in operation (SSW1l is on) or if
card reading is taking place,

The ACV system has the capability of altering or printing the contents of
any location in memory. Locati~ns can be altered uith either the card
reader or the typewriter. Locacions can be printed on the typewriter.
The capability to print random memory location is an additional feature
separate from the line printer status printout. The typewriter and card
reader I/0 are inhibited if SSW11l is on (i.e., the background timer).

!BESLAVAILAB{E oY =
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CARD MODLFICATION

To alter locations from the card reader, !$U8 should be set. Cards will
be read and printed on the line printer. No cards will be processcd unti.
the first keyword card is read. This card has the word:

ACVINIT

on it, starting in column ore. Cards will continue to be read, regardless
of the state of S5W8, until the second kevword card is read. This card
has the word:

ENDACVIN

on it, starting in column one., All the cards from ACVINIT to LNDACVIN
will be processed for valid memory alterations.

There are two ways to change memory locations using the card reader. The
first is by using the keyword IMEMORY. The second is by using the kevword
PARAM. Every word in memory can be changed with the MEMORY kevvord. The
PARAM card uses pre-assigned parameter names to access memorv. Only a
small number of often used locations can be accessed. PARAM cards do not
have to be changed after reassemblies.

The formats of the MEMORY card and the PARAM card are:

MEMORY ADDRESS, DATA, DATA,...
PARAM PARAMETER, DATA, DATA,...

In both cases the keyword must start in column one, After the kevword the
spacing is free format. ADDRESS is a numeric value and is assumed te¢ be an
absolute memory address. PARAMETER is an alphanumeric word internallv
associated with a specific memory address. The address, whether absovlute
or parametric, will be the starting address in wvhich te store the data

that follows the address. The DATA values are stored in comsecutive memory
locations, starting with the first address. The format of the DATA values
includes a value refered to as a multiple. 1t is usad to repeatedly store
a single DATA value in a number of consecutive lecations. That is, if a
DATA value has a multiple of 10, 10 values of DATA will be stored irto
locations ADDRESS to ADDRESS + ¢ (or FARAMETER to PARAMETEL + 9).

ADDRESS has the same format as the DATA words. lowever, ar; multiple that
is provided with the ADDRESS value is ignored. PARAMETER's are preassigned
alphanumeric words. A list of those words that can be used as PARAMLTER's

is given in Parameter Values for Initialization. The format of the DATA value
is given below.

1f the MEMORY card or the PARAM card ends with a comma, data can be con-

tinued onto the next card. Data on a centinuation card can start on any
column. Continuation cards can also have continuation cards. A card that
ends with a comma does not necessarilv have to have a continuation card.

A valid keyword in column one will terminate a continuation string. Only
DATA words can be on continuation cards. The ADDRESS or PARAMETER word
followed by a comma must be on the first card.

DM 90 s L7 it

i
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I1i any part of a card cannot be translated. an ervor wessage vill be yr.rtec i
on the line printer underneath the card's ;rinted imace. ‘The s orate - - 117 %
! have to localize the error on the card. #n orror does 0l Car.e . Lio +. E
tire card, however. If a valid wddres: anc a wmadification value an e %

determined by the card processor before the errvor ix found, that 1
modification will be performed. Data orn the card from the crror t
end of the card will be ignored and anv continuation cards will b

o~
e
oo}
-
g
-~

i ik

DATA words have one of the following fermats: g
MMM LC'+DDDDDD'’ decimal integer ?
MMM D'+.DDDDDD decimal fraction
MMM F'D.DiDDDEDD’ floating point
MMM X'HHHHEH' hexadecimal

In all cases MMM is the multiple value mentioned previouslv. These characters
must be decimal digits and can be any number of characters as long as the

= word does not overflow a 32 bit word magnitude. The multiple cannot have

= a sign and is always positive. There must be at least one blank after the

' multiple.

Pl LG S L 00 T

The decimal integer and fraction formats (D) represent either a 32 bit deci-
mal integer scaled B3l or a 32 bit decimal fraction scaled BO. The fol-
lowing rules apply.

0l £ 60 a0

1. Data must start with D'
2. The sigh (+ or =) is optional. Plus is assumed.

3. The first character can be a decimal character (0-¢) followed b
a single quote or a decimal point (.).

4. The remaining characters must be decimal characters (0-9) follecyad
by a single quote (').

The decimal point cannot be preceded by anv decimal characters. Teo ranv
- characters in an integer will cause an arithmetic overflow. Extra digits
= in a fraction will be rounded.

The floating point format (F) represents a Sigma 7 single floating point
number. These rules apply.

i

it
ol

1. Data must start with F'.

2, The sign of the mentissa (+ or -} is optional. Plus is assured.

RO s

The first character must be a decimal digit (0-9).

A el
w
L]

4, The second character can be a decimal point or a decimal digit.
If the decimal point is left out, it will be assumed to be aftur
the first digit (3 above).

" il
il

5. The mantissa can be continued to anv number of digits. I¢ will
be rounded.

L
!I'II i AP
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6. The exponent (¥IDD) is a rower of 10, It i~ ontiopal onc it le:it

ERAN)
out, 0 is assumed. 1lts sign i, optional. 1t cur Tave eithor
one or two decimal digits.

7. The floating format must end wvith a single guote ().

The hexadecimal format (X) represents & 32 bit hexadecimal value. “he rules

for the hex format are.

1. Data must start with X'.
2. Any number of hex characters can be used,
3. Data must end with a single quote (').
The data is stored right justified with left characters zeroed. i the

data word is more than eight characters long, the right most eight charac-
ters will be used. Hexadecimal data words have no sign.

In all DATA formats there can be no embedded blanks. DATA values cannot
be continued from one card to another. 3Some ecxamples of accentable and
non~-acceptable DATA words are given below.

T IEE
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Acceptable Data

; Decimal Integer

DATA

pu

D2
D'+48"
D'-3976"

Decimal Fraction
DATA

D
D'. 5!

: D'+, 623

’“ D!-. 9289

D'-. 62314383678901543"

Floating Point
DATA

it
F'5!

Fl45!

F'-6,2!

F'-628E2!
F'-7.45E-10"
F'4.666666666666'
F'1800E3"

F'2, 78E+28"

Hexadecimal
DATA

XH

X'ABC

RAVIRAEQUITCEN 75-C-C057-1

NS

48
-3976

Meta~Symbol Equivalent

FX'0B0!

FX'.5B0!
FX'.623B0'

FX'-, 9289R0’
FX'-.623143837B0!

IR R

L

Meta-Symbol Equivalent

FS'0!

FS'5!

FS'5t

FS'-6, 2!
FS'-628'orFSt-6, 2812t
FS'-7.45E-10"

FS'4. 66656667
FS'1800' or FS'1. 800E3" A
FS'2,78E+32¢"

Al

Meta-Symbi 1 Lijuivalent

d
S

X::

L'ABC
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DATA

X'ABCDE123456789!

X'ABCDDCBA'

Unacceptable Data

Decimal Fraction

DATA

D'6. !

D', 999999999999
Floating Point
DATA

F'65. 7!

Fi7.82E"

F'.35E2!

¥15,32E~106"

F19,999999999999E-1"

NAVTRAEQUIPCEN 75-C-0057-1

Meta-Symbol Equivalent

X123456789"
X'ABCDDCBA!

Reason For Error

decimal point in wrong place

data overflow after rounding

Reason For Error

decimal point in wrong place

no exponent characters

decimal point in wrong place
too many charc ters in exponent

data nverflow atter rounding

None of the examples above were given multiples but there is no reason why

they could not have had them.

The following lines are examples of MEMORY

and PARAM cards having DATA values with multiples a:itached.
MEMORY X'2A01',F'2,0',10 D'48!
MEMORY X'IBCD',28 X'1234',D'14',
F'6.E20', 4284 D'-64"
PARAM U0, F'450E2!

PARAM WIND,F'4,5E1"
PARAM MATRIX0,9 F'0'

PARAM MATRIX1,F4u',3 F'0', F'1',

3 ¥, F'1!
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TYPEWRITER MODIFICATION AND DLSPLAY

i

The typewriter can be used to displav aii alter wemorv lecutions and Lo
set or change the date and/or time. Tvre-ins can be dore anv tine doring
the ACV simulation as long as the trpewriteér light is on. This light is
alternately put on and off by activating the console interrurt.

The time and the date input were described above. Memory locaticns can be
altered by a MEMORY or a PARAM type~in. The format of these tyue-ins are
almost the same as the card MEMORY and VARAM inputs. ‘The crly difference
is that the keywords MEMORY and P'ARAM do not have to start con column 1.
Continuation lines can be used with the PARAM and MEMORY tvre~ins.

The contents of memory can be tvped onto the typewriter by the type kevword
DUMP. The formats of the DUMP type-ins are:

DUMP D DATA decimal tvpe-out

DUMP X DATA hexadecimal type-out
DUMP E DATA mantissa-exponent tvpe-outs of

single floating point values

integer fraction type-out cf
single floating point values

DUMP F DATA

The spacing of the type-ins are free format. As many spaces as desired
(including none) can be typed between DUMP and the format characters (D,X,

E or F) or between the format character and the DATA value. DATA represents
a multiple-value pair as described on the MEMORY and PARAM DATA words. Irn
this case the multiple, if present, is the number of word locations to be
tvped out. The value of the DATA word is the starting address of ihe con-
secutive locations to be typed. DUMP tyre-ins cannot be continued or &

new line. The DUMP type~in will type out pairs of values which represent
the address and the contents of the address of the requested locations.
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NAVTRAEQUIPCEN 75-C-0057-1

The four different output formats are as follows:

The decimal equivalent of the word address contents. Leading
zeros are suppressed and the value is left adjusted. The format

is SDDDDD. S is the sign+or -. D's are decimal digits (0-9).

The hexadecimal equivalent of the address contents. Leading
zeros are typed. The format is HHHHHHHH. H's are hex digits.

Eight characiers are always typed.

The mantissa - exponent equivalent of the word address contents.
The format is SD, DDDDDESDD. S is the sign, + or -, of the mantissa
or the exponent. D is a decimal character (0-9). E is the character

'E' and represents a power of 10.

The integer fraction equivalent of the word address contents.

This is for a floating point value, The format is SDDDDDDD. S

is the sign, + or -. D is a decimal character {0-9) or a decimal
point. The position of the decimal point will vary depending on the
magnitude of the value. _Leading zeros are suppressed (except the
value zero) and the number is left adjusted. I the value is too small,

zero will be typed. If it is too large, X 999999999 will be typed.

For all type-ins the following rules apply. This includes TIAME, DATE,

MEMORY, PARAM, and DUMP type-ins.

Type lines should end with a new line character (NL).

A typed line will be terminated after 85 characters and will be
rejected by the I/O processor,

To cancel a line, type in an end of message character (EQOM)

Tie horizonial tab character (HT or TAB) acts like a NL character,
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s

Incorrect characters (except for NL, EOM, or HT characters) can
be corrected by typing a ¢ (cent mark! for each character that was
previously typed and is to be deleted (e.g., DUNP¢¢MP is equi-
valent to DUMP).
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NAVTRAECULYPCEL 75-C~0057-1

ACV SYSTEM PRINTOUT DESCRIPTIOXN
lHeading Line:
ACV-LC, Time of Day, Date, Currentl Svstem Status

The current system status consists of a & character code with values

INIT Reset Mode

HOLD Freeze Mode

oz Operate Mode without Pilot {or < 10 sec)
OPGO Operate Mode (Simulation Operable)

CRSH ACV-LC lit Mother Ship

n bedr axis coordinates, the forces and roments are shown that azt on the
icle

eh broken into the various components. The total forces and roments

c
.are shown and through Newton's Second Law, the bcdy axis accelerations are

given. 1Initial velocities are prirted and by integration the change in
velocity and the current velocities zre printed in body axis coordinates.

Performing a coordinate transformation vields velocities in earth-fixed

=

coordinates. Integration vields change in position and summing with ipitial
rositions yields the current position of the vehicle. Angular nosition is
displaved in both degrees and radians.

P g

The effectors consist of the various physical devices that directiv cause
the vehicle to mareuver, pilot commands to these devices where applicable,
and cther conditions which are measurable, and envirconmertal cffects. Refer
to Figure 55 for a sample printout.
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NAVIRAEQUIPCEY 75-C-0057-1

The list is as follows:

STBD and PORT propeller speeds (NPS, NPP) (RPM)

STBD and PORT propeller pitch (BETAPS, BETAPP) (DEG)
Rudder Angle (PSIR) (DEG)

Thrust Nozzle Angle (PSIN) (DEG)

STBD and PORT propeller thrust (TPROPS, TPROPP)(LBS)

STBD and PORT propeller pitch commands (BETAPSC, BETAPPC){DEG)

Rudder Command (PSIRC) (DEG)
Nozzle Command (PSINCA) (DEG)

Cushion Compartment Pressures (PCUSH 1, PCUSH 2, PCUSH 3, PCUSH#4)

(LBS/F TZ)
Manifold Pressures (PMANS, PMANP) (LBS/FTZ)
Air Flow through STBD and PORT fans (QFANS, QFANP)
3
{(FT” /SEC)
Air Flow through STBD and PORT Nozzles (QNOZS,QNOZP)
3
(FT™ /SEC)
STBD and PORT fan speeds (NFANS, NFANP) (RP M)
Wind Velocity (WIND) (FT/SEC)
Wind Direction - Set (PSIWIND){DEG)
Cushion Compartment Volume (VCUSH1,V CUSHZ2,V CUSH 3,V C GSHY)
(FT°)
Air Flow due to wave pumping into Cushion Compartments

(QPUMP 1,QPUMP 2, QPUMP 3,QPUMP 4) (ZE"I‘3 /SEC)
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NAVTRAEQUIPCEN 75-¢-0057-1

USRS

Skirt Gap Area under each Compartment (AREA 1, ARIEA 2, AREA

[*)
)

AREA 4) (FT?)
STBD and PORT power turbine speed (NSS, NSP) (RPM)

A

STBD and PORT gas turbine speeds (NTS1, NTS 2, NTS 3, NTP 1,
- NTP 2, NPT 3) (RPM)

STBD and PORT power turbine commands (NSCS, NSCP) (RPM)

STBD and PORT gas turbine commands (NTCS 1, NTCS 2, NTCS 3,

00000000 000 0 B i

NTCP 1, NTCP 2, NTCP 3) (RPA)
Offshore wave height (HEIGHT) (FT)

il TR

Offshore wave period (PERIOD) (SEC)

> Ocean bottom slope (SLOPE)
Offshore-shoaling boundary (XSHOAL) (FT)
Oifshore wave length (LAMBDA) (FT)

1f
L i

Wave encounter frequency (OMEGAE) (RAD/SEC)

System parameters are displayed to show specific status.

Execution Time (TIMEX) (SEC)
; Dwell Time (#SEC]

Time Overilow Counter (EXSELFIN) (COUNTS)
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NAVTRAEQUIPCEX 75-C-0057-1

PARAMETER VALUES TOR INTTIALIZATICN

Po

Qo

RO

XIo

Y10

Z10

PHIC

THETA(

P5I1G

WIND

PSIWIND

DELTAT

PCUSHIC

Velocity (linear) in direction Xb (Ft/sec)
Velocity (linear) in direction Yb {Ft/sec)
Velocity (linear) in direction Zb {Ft/sec)
Velocity (angular) about axis Xb {rad/sec)
Velocity (angular) about axis Yb (rad/sec)
Velocity (angular) about axis Zb (rad/sec)
Inertial position (North) of pilot cabin (Ft)

Inertial position (East) of pilot cabin (Ft)

Inertial position (Vertical) of pilot cabin (Ft)

Euler Angle Roll (Deg)
Euler Angle Pitch {Deg)
Euler Angle Heading (Deg)
Wind Velocity (Ft/sec)
Set of Wind (Deg)

Sampling Period (Sec)

Pressure within cushion compartment 1 (Lbs/Fi2)

22¢

3
=
=




PCUSH20
PCUSH30
PCUSH40
PMANS 0
PMANP0
NTS10
NSS¢
VGWFLAG
BETAPS¢
BETAPP§
PSING
PERIOD
SLOPE
HEIGHT

CSKIRT

NAVTRAEQULPCEN 75-C-0057-1
Pressure within cushion compartment 2 (Lbs /th)
Pressure within cushion compartment 3 (Lbs /th)
Pressure within cushion compartment 4 (Lbs /th)
Pressure within STBD manifold (Lbs /Ft%)
Pressure within PORT manifold (Lbs /th)

Gas Turbine Speed - STBD 1 (RPM)

Power Shaft Speed - STBD 1 (RPM)

Set = 1 to run VGW

Propeller Pitch - STBD (Deg)

Propeller Pitch - PORT (D=g)

Thrust Nozzle Angle (Deg)

Offshore Wave Period (Sec)

Ocean Bottom Slope

Offshore Wave Height (Ft)

Skirt sStiffness Coefficient

" g
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NAVTRAEQUIPCEN 75-C-0057-1

SUMMARY OF ACV OPERATING PROCEDURES

System Sense Switches (SSW)

1. RESET (Simulation mpde)
2, FfREEZE (Simulation mode)
3. OPERATE (Simulation mode)

8. Read Cards

9. Print State Parameters

11, Time Background (Units of 12 u secs)
15, Print Datapool Contents (FS)

Console Sense Switches (CSW)
1. Inhibit ACV Simulation (Do not run program ACVSIM)

2. Inhibit ACV Cockpit Command Inputs
3. Inhibit CRT Driver (DLOOP)

Console Interrupt
Alternately allow or disallow type-ins




NAVTRAEQUIPCEN 75-C-0057~1

SUMMARY OF ACV OPERATINC PROCEDURES (CONTINUED)

Traps

Error Locations

C4ERR# - right-most hex character equal totrap error number
C4ERRLOC - PSW1 of trap PSD
C4ERRMEM ~ memory module fault bits (24-31)

Trap Error Number

Memory Parity

Non-allowed Operation

Unimplemented Instruction

Push Down Stack Fault ]
Fixed Point Arithmetic Overflow !
Floating Point Fault

Decimal Arithmetic Fault

-] O O B W N e D

Watch Dog Timer

Trap Restarts

1.  CSW1 Off-IDLE-RUN (pick up from error}
= 2. CSW1 On-IDLE-RUN (reinitialize - only after trap)
; 3.  IDLE-CPURESET-RUN (reinitialize - anytime)
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NAVTRAEQUGLIPCEY 75-C-0057-]

SUMMARY OF ACV OPERATING PROCEDURES (CONTINUED)

Card Inputs

ACVINIT
MEMORY ADDRESS,DATA,DATA,...

Start card processing

Absolute memory alteration

PARAM PARAMETER, DATA,DATA, ... Parametric memory alteration
ENDACVIN End card procr ssing
(SSW 8 can be put off after ACVINIT is read. Card reading
will continue until ENDACVIN is read)
Type Inputs
TIME HH:MM Set time (HH=0-23, MM =0-59)
DATE MON DD, 'YY Set date (MON = JAN, FEB, etc..., one space,
DD = 01-31, 'YY = '74, '75,'76)
MEMORY ADDRESS,DATA,DATA,... Absolute memory alteration
PARAM PARAMETER, DATA,DATA, ... Parametric memory alteration
DUMP D DATA Dump integer in decimal
DUMP X DATA Dump integer in hex
DUMP F DATA Dump floating point word as
integer-fraction
DUMP E DATA

Dump floating point word as

mantissa=-exponent

Type Control Keys

NL
HT
EOM

85 characters

ne¢

End and process message
End and process message
End and ignore message
End and ignore message

Ignore last n characters

233
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NAVTRAEQUIPCEN 75-C-0057-1

SUMMARY OF ACV OPERATING PROCEDURES (CONTINUED)

S A B AT il

i

Input DATA Format

MMM D'+DDDDDD!

MMM D'+,DDDDD!

MMM X'HHHHHH'

MMM F'tD. DDDDDE+DD!

Decimal integer B31

Decimal fraction B0

.“ m
g e i L e

Hexadecimal integer
Floating point single value

MMM - represents a muiltiple for consecutive locations stored

or dumped. It is assumed to be 1 if not given,

o
U e

TR

ADDRESS Format

The same as DATA but the value is considered a memory address and
the multiple (MMM) is ignored, if given,

E 234




NAVTRAEQUIPCEN 75-C-0057-1

- SECTION VI
. DERIVATIONS

o

= Thuse equations (sections of the model) that changed to a degree that might
not be recognizable from those shown in the report of the math model, the
derivations are shown in this section. The only model that does not either
coincide with the math model report or is not shown here is the compartment
pressure model. The air pressures are solved in a similar manner (that is
shown), however, the derivation was performed by Damon Cummings.,

- CHANGE IN INERTIAL POSITION

This derivation was performed on the second order predictor-corrector
integration scheme to integrate velocity to a change in inertial X and Y
position for every sampling period. This was done to improve accuracy on
a delta X calculation, subtracting one large value from another large value.
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NAVTRAEQUIPCEN 75-C-0057-1

Ct = XAt +%t— X+ X Ay
APC = 4/5 (C, - B

X

" =Pt +APC

= Rc +4/5 (Ct—Pt)

= Ct +1/5 (Pt—ct)

=X ap P X, + X, _ At,)+1/5 E{t_z At T2At Xt-At

_ _At L] L
Xt-At 5 (Xi +Xt- At)]
X - XA 12A0X +1/2A¢ X at 105 (Xt_At—Xt_ZAt)

458t X,_ L, +2/5At K, - 1/5 AX, _

1/5 Em @X_, +%)-A xt_At]

AX At

236

)

|
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SEAVAY

The wind generated waves have complex cquations in the shoaling region

for the first order amplitude and the second order Stokes' amplitude.

Both equations faken from the math model contained hyperbolic functions.

The hyperbolic identifies and the wave number equation were substituted
appropriately to obtain simpler equations the* weculd decrease computation time.

Reduction of the complex shoaling equatioi »i the deep ocean boundary is
shown to vastly simplify the offshore wave e ..2tion.

237

|

J | YWMWWWM Ve i




NAVIRAEQULPCEN /5-L-UUD/—L

gy

r2Cosh2KxDx 1/2
LzK D +sinh2K D <
X X X X

2
- 2
1- tanh KxDx 1/2
9K D +2 tanh K _D_ 1
X X

B (1-taoh? FxP )12 (1-tanh 2 Ex Dy 1/2

1 1/2

2 .
K, Dx (1-tanh Kx Dx) > tanh Kx Dx

.

=H‘- 1 1/2

K. D_-K D_ +
XX 0 x

)

g
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Kx 1/2
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2 ; o i
H, [cosh K, Dx] { 2 + cosh 2 K_ DXJ

< II\'
2 mw [ 3 1 = L
S
]

7= inh® KD,
X
'+ gf
16 x7x (I.Jcan’nzK‘{D\,)172 L 1—tanh2K\:Dx u
] < By
tanth_D_ 1 8
X X
(1-tank® K_ D\_)312<}
o1 2 2 27, . .2
- 45 K _HS [1 tah “K_D_ | [3-tann® kD] . Hy
=3
{tanh3K_D_]
X X
K \2 /K \2
27, = —g—}{\Hi {1-( 2 )J [3-(_9_\,}
2 85 K K,
L X . \Bx / < H
K3
S0
X
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NAVIRAEQUIPCEN 75-C-0057-1

SECTION VLI
IULL BOTTOM PLATING - 35 POINTS

U A

-

This section shows the equations in present form of the original set from the
"Mathematical Model of an Air Cushioned Vehicle". These equations show the
mathematics of the forces and moments due to the wave heights, cushion
compartment volumes, and skirt escape areas for the original 35 points

under the hull planform. The number of points was decreased in an attempt
to get the VGW to run real-time. These equations are presented here for
completeness only.

Three subroutines and the DATAPOOL changed as a result of changing
from 35 points to 25 points. Other equations and subroutines depend upon these
hull point pocilions and the numbering scheme, however, that is simply handied

by changing the number of points and their locations within the DATAPOOL.
See Figure 56 and Table 12 for hull point definitions.

RN

These equations necessitated a change as special numerical techniques were ’
developed for solution purposes. I
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Subroutine: Sia
SEABAY AND VEHICLE GENERATED WAWLS (Forees § Mongent«
-20 [P (n +n +n - nocro-n )

3 lsl 1 2 3 6 7 8

+P (ntn +n -n - n - )
CUSII2 6 7 8§ 21 27 6

+P (a +na+n -0 -5 -4

CUSH3 ~ 8 16 15 19 20 21
+P (v #n +n -n-n - )

CUSH4 1 11 12 38 i6 15
-49(P (n #+n +a 4n -n -n - -n)
41CUSH1 3 456 1 10 9 8

+p {n+n +5 g M -n -n -3 )

QUSHZ 6 24 25 26 g8 23 22

+P (n +n+n 4y -4 -5 -p -n )
CUSH3 21 22 23 8 15 17 18 19

+P (n*+n+n +n -5 -y -, - a )
Cus 4 8 9 10 1 12 13 14 15

P (200(8) (n+n+n-n -y - 1)
CUSH1 3 6 7 8 1 2 3

+(40)(10) (n +n+n+ g - Tca-n -n )
4 6 5 4 3 8 10 1

[

+P (40) (50) (n+a+r:+r;-z-q - n -n)
CUSH2 4 2 2 2

+P (20028) (n+n +n -n-, -, )
CUSH4 3

+(40)(10) (n +n +n + %5 -a - -n ;[
4 8 9 10 1 12 13 14 15
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i 1-27, Cushion periphery points
}‘éa Total height of waves due to Seaway & VGW(It)

[

N 4
Pressure in cushion compartment 1 (Lbs/It™)

R e

Pcusn 1

PCUSH 2 Pressure in cushion compartment 2 {Lbs/ th)
PoysH 3 Pressure in cushion compartment 3 (Lbs/F £2)
PCUSH 1 Pressure in cushion compartment 4 (Lbs/ th)

2
E]
g
g
E
=
E
z
=
=z
=
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Subroutine: VOILCUSI]

A

H =.020833(h +h +h +h ) +.0625( :h _+th  +h
1 CUSH 1 wl w3 wéb w8 wd  wh w§  wli0
+.08333(h +h )+.25(h +h )
e w2 w7 w30 w3l )
=.020833 (h +h +h th )+ .0625 (h +h +h +h
HCUSH 2 ( wb  w2b w2l w8) ( w22 w23 w24 wZS)
+.08333 (h +h + .25 (h +h
( w7 w27) ( w28 W29)
=.020833/h +h +h +h ) +.0625(h +h __+h __+h _ )
HCUSH 3 ' w8 w21l wl9 wlS) ( \'6/17-r wl8 w22 w3
- +.08333(h +h ) +.25(h th )
wle w20 w34 w35
. H =.020833(h +h +h +h )+ .0625(h +*h +h _+h )
- CUSH 4 wl w8 wl2 wl5 w9  wlo wl3 wl4
+.08333(h +h ) +.25(h +h _)
= wll wl9 w32 w33
; v = A H
CUSH n CUSH CUSH n

[

n= 1---4 Number of Cushion Compartments

h Height of hull points over water (Ft)

wk

3 . 2

= ACUSH Cushion compartment area = 800 Ft

HCUSH n Average Height above Water of Cushion Compartment (Ft)
; VCUSH n Air Volume of Cushion Comp=rtment (Fts)

k= 1-~-35 Number of Hull Bottom Points

AR U o g
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CUSHION

CLR =

AREA
4

62.76 {[CLR +4CLR__ +CLR_ |
21 20 1

+94.16 [CLR__ +CLR _ +3 CLR__ 4 CLR_]
12 13 14

NAVIRAEQUIPCLN /5-C-0057=1

SUBROUTINE: SKAREA

COMPARTMENT ESCAPE AREA

62.76 [CLR +4 CLR_+ CLR |
1 2 3
+ 94,16 [CLR 4+ 3 CLR +3 CLR_ ! CLR |
3 4 5 6
62.76 [CLRZ6 t4 CLR, + CLRZI]

4,16 +2CLR_ +3CLR__+ CLR
19 [CLR() 24 25 L 26]

9

+ 94,16 [CLR, _+ 3 CLR _+3 CLR__ + CLR
[ 19 18 17 15]

62.76 [CLR _ +4 CLR + CLR ]
12 11 1

15

k = 1~--27 Number of Cushion Periphery Points

h
wk

h
s

CLR
k
AR EA1
AREA
2
AREA
3

AREA4

HEIGHT OF HULL POINTS OVER WATER (FT)
HEIGHT OF SKIRT = 4.5 FT

AIR GAP BETWEEN SKIRT AND WATER OF HULL POINTS (FT)
CUSHION COMPARTMENT 1 ESCAPE AREA (FT?) « Constant
CUSHION COMPARTMENT 2 ESCAPE AREA (FTZ) » Constant
CUSHION COMPARTMENT 3 ESCAPE AREA (FTZ). Constant

CUSHION COMPARTMENT 4 ESCAPE AREA (FTZ) »Constant

S DD DO GO o ¢

A S A B
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Cushion Compartment., & Hull Bottom Pointsg.

14 4

G S v

T

11 1 2 3 ,
l T T /
10!
,é_._ 18! -——-4/
L + 32 410 +31 44
@ 1
+33 +9 + 30 45 ;:
16 8 7 6
i CG ' %(
— 17 +34 —+23 +29 -94
® 2 —
—~18 +35 +-22 +28 ~ 25
L A 26 N
20 21 27
< s 20' >

Figure 56. Hull Planform Profile (35 Fts)
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TABLE 12 . PLANXFORM POINT LOCATLONS (32)
X Y Z
HULL HULL HULIL (FT)
10 -18 12
10 -8 12
10 2 12

-31/3 2 12

-16 2/3 2 12

AR RN

-30

[&¥]

12

IR,

-30 -8 12
-30 -18 12
-16 2/3 -18 12
-31/3 -18 12
10 -28 12
10 -38 12
-31/3 -38 12
-16 2/3 -38 12
~-30 . -38 12

-30 -28 ) 12

-431/3 -38 12

18 -56 2/3 -38 12

19 -70 -38 12

21 -70 -18 12

22 -56 2/3 -18 12

b

P 23 -431/3 -18 12

247
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TABLE 12.
k ¥ quLL
24 -43 1/3
25 -56 2/3
26 -70
27 ~70
28 -56 2/3
| 29 -431/3
30 -16 2/3
31 -31/3
32 -31/3
33 -16 2/3
34 -43 1/3
35 -56 2/3

W BN D R e oy o
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7

HULL

2

-28

-28

-28

-28

PLANFORM POINT LOCATIONS (35)(CONT'D)

12
12
12
i2
12

12

12

12

12

12

12

Z
HULL (FT)
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SECTION VIII
1/0 PROGRAM WRITEUPS §

The basic Background Task Input/Ouiput programs ure individually described.
Also, the trap handling routines are individually described. The program name,
type, and purpose are shown. The calling program is named and the proper
calling scquence of the I/O program is shown. The program Description
includes the definition of calling sequence and the functional ability of each
individual program.

. s
The lifftsotzprepram writeups is as follows:

BACKGRND
= BCDATA
£ BCDSUBS - BCDCOMMA. BCDPARAM, BCDSTORE

%# CARDS, CARDIO

o
[hee
w
®)
oy
=
-
=

FLTDEC

FLTPRNT

INTEGER - DECIT, HEXIT

IOPERIF - CARDREAD, PRNTLINE, PRNTPAGE, TYPEOUT, TYPEIN
PRINT 5|
PRNTTIME
TYPE '
TYPEMSG

e RY e R 61 e
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ACV

PROGRAM DESCRIPTION

(7/30/75)
PROGRAM NAME: ATD
PROGRAM TYPE: Analog Input Driver
INITIATED BY: Program ACVSIM
PURPOSE: To read and format analog input data
CALLING SEQUENCE: BAL, 15 ATD
DESCRIPTION:

The ATD prcgram reads all the analog input channels used by the system.
It scales the values to engineering units and adds a bias, if one applies. The input

value is finally limited to predefined maximums and minimums and stored in the
simulation data values.

ATD 1

250
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ACV

PROGRAM DESCRIPTION

(7/30/75)

PROGRAM NAME: BACKGRND
;' PROGRAM TYPE: Background Timer
; INITIATED BY: Program PRINT
; PURPOSE: To provide timing for the background and

indirectly the real time simulation.

T

CALLING SEQUENCE: B BACKGRND

DESCRIPTION:

= The program BACKGRND will determine how long the background idle

e loop is in operation. This value is used to determine the execution time of the real

- time programs. BACKGRND increments a counter which is scaled at 12 usec per
unit. The timing is dependent on the instructions used in the increment loop. The

= timing is done only at the option of the operator. The time value is stored in location

BGTIMSAYV by the real time interrupt, EXECACV. If the timing is stopped by the

operator BACKGRND is terminated by branching to the program CRT.

T
il [

BACKGRND 1
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ACV

PROGRAM DESCRIPTION

(7/30/75)
; PROGRAM NAME: BCDATA
= PROGRAM TYPE: 1/0 Subroutine
| INITIATED BY: EBCDIC Input Routines
PURPOSE: Translate EBCDIC character strings into

one word, numeric values.

CALLING SEQUENCE: LW,6 BA(STRTADDR)
LW,7 BA(ENDADDR)

‘ BAL, 15 BCDATA
s STW,8 WORD :
» STW,5 MULT

DESCRIPTION:

. The subroutine BCDATA will translate a specified byte field from

E EBCDIC character to a numeric word value. The vaiues STRTADDR and ENDADDR

are the starting and ending byte addresses of the field to be scanned. The output
word value (WORD) will be in register 8 when the caller resumes. A value called i

1 the "multirle” (MULT) will be in register 5. This word will be explained below.
The contents of register 9 will be destroyed.

The input format can be one of the following:

MMM X'HHHHHH' Hexadecimal integer

MMM D'+DDDDDD' Decimal integer
MMM D'+ . DDDDDD! Decimal fraction
MMM D4D. DDDDDE+DD' Floating point, single value

i

The value MMM is optional. If included, it is translated as a decimal
integer and is returned in register 3. This vzlue is used to specify how many times
the value that follows it will be used by the calling program. It is, therefore called
a "multiple’. If the multiple is not present, the value 1 will be placed in register 5.

wh

Wl o i s

i e

The format of the remainder of the field is described in the ACV Console
Operating Procedures and in the program listing for BCDATA. They will not be
repeated in detail here. Suffice it to say that the hexidecimal format is translated to

a hexidecimal integer value right adjusted. The decimal integer format is translated
to a decimal integer value scaled B31. The decimal fraction format is translated to

g

252
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a decimal fraction scaled B0. The floating point format is represented as a {ens
. - power, mantissa-exponent value. It is translated to a standard hex power, single
word, {loating point value.
If any irregularity in the format is found that cannot be translated,a -1
is placed in the return value of register 5. No value is resolved.

BCDATA 2
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PROGRAM NAME:

PROGRAM TYPE:

INITIATED BY:

PURPOSE:

CALLING SEQUENCE:

NAVTRAEQUIPCEN "H-t -0gh/-1
ACV
PROGRAM DESCRIPTION

(7/30/75)

BCDSUBS

Input Utility Subroutines

The Programs TYPE and CARDS

To Decode input EBCDIC Data

11,6 BA (STRTADDR)
L1,8 BA(ENDADDR)
BAL,15 BCDCOMMA
STW,7 COMMADDR

LI,6 BA(STRTADDR)
LI,7 BA(ENDADDKX)
BAL, 15 BCDPARAM
STW,5 ADDRESS

LI,6 BA(STRTADDR)
L1,8 BA(ENSADDR)
LI, 5 CODE

BAL, 15 BCDSTORE
STW,5 ERROR

254
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DESCRIPTION:

The program BCDSUBS is made up of three subroutines. These subroutines
are used to decode EBCDIC character sirings from the typewriter and the card reader.

The subroutine BCDCOMMA has the sole function of locating the character
" in a character buiffer. The caller must specify the starting and ending byte location
of the buffer (STRTADDR and ENDA DDR, respectively). The address of the byte
previous to the first comma encountered, when scanning from left to right, is stored
in register 7 (COMMADDR]). This specifies a field that contains valid input data.

There are two alternate conditions specified by the subroutine. If
no comma is fcund but non-blank characters are found, a-2 is placed in register 7.
This indicates the final field in the buifer. If no comma and no non-blank characters
are found, a-1 is placed in register 7. This indicates either that a continuation line
follows or that an error has occurred.

The subroutine BCDPARAM will search a specified byte f{ield for a valid
parameter that can be used on a PARAM input line. The byte field is specified by
the byte starting address (STRTADDR} and the byte ending address (ENDADDR] in
register 6 and 7, respectively. If a valid parameter is found, its associated
memorv word address is placed in register 5 (ADDRESS). If no valid parameter
is found, register 5 will contain a-1.

The subroutine BCDSTORE translates the address and data fields from
PARAM and MEMORY input byte strings and stores the data into the given address.
The caller can specify one of three types of lines to translate. This value (CODE) is
placed in register 5 by the caller. A I specifies a PARAM card. A 2 specified a
MEMORY card. A 3 specifies a continuation card from a previous PARAM or MEMORY
card. The byte starting address (STRTADDR) and the byte ending address (ENDADDR)
of the input buffer are stored in regjster 6 and 8, respectively. When the caller of
BCDSTORE is resumed, register 5 (ERROR) will be ¢ither 0 or -1. A 0 specifies a
good input line. A -1 specifies that an error was found somewhere in the input line.
The location of the error in the line is not specified.

The PARAM and MEMORY lines are processed by decoding the first ficld
of the line. This should contain the starting address into which the proceeding data
is to be stored. The address field must be on the same line that the keyword
PARAM or MEMORY is on and must be followed by a comma. The data fields are
then decoded and stored one after the other. The ending address +1 of the last data
stored becomes the starting address of the next data. If a buffer is ended with a
comma a-continuation line is assumed to follow. The flag (BCDSTWFL) is set to
notify the caller of this fact. If the caller finds a continuation line (register 5=3}, the
final address of the last call will be used to store the new data.

If a data field cannot be decoded, the remainder of the input buffer is
ignored and register 5 will be set to -1. Any stores that were made up to the point

of the error will stay in effect. The continuation flag ,BCDSTWFL, will remain resect.

BCDSUBS 2
255
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If the input line was intended to have a continuation line, that line will be considered
an error, since it will not contain a valid keyword. Of course, if the azdre~s field
contained an error, register 5 will be set tc -1, but no memory stores will be
performed.

BCDSUBS 3 -
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PROGRAM NAME: CARDS

PROGRAM TYPE: Background 1/0

INITIATED BY: Program TYPEMSG or TYPE

PURPOSE: To read and process card reader input cards
CALLING SEQUENCE: B CARDS

The program CARDS reads cards on the request from the operator.
if system sense switch 8 is set, cards will be read and printed directly onto the
line printer. The program is called by either TYPE or TYPEMSG. The program
1 call the printer processor PRINT at the end of each card read.

¥

b
s
ok
Yok
[

The program will first look for the keyword, ACVINIT, starting on
column one of each card read. Cards are bypassed until this card is read. When
5 ACVINIT card is read, only one of the following cards are valid: a PARAM card,
MEMORY card, or an ENDACVIN card. Alsc, at this point system sense switch
can be put off and cards will still be read until an ENDACVIN card is read.

5 cards will be processed after this card is read. If sense switch 8 is off when
valid ENDACVIN card is read, card reading will stop.

o]

LA [V AR

The PARAM and the MEMORY cards allow the computer memory to be
altered. The format of these cards is discussed in the program listing and in the
Console Operating Procedures. The details of their formats will not be repeated
nere. These cards can have continuation cards. Continuation is indicated by a

™

)

read and a continuation is indicated from the previous card, will the card be treated
as a continuation card. Therefore, a card ending with a comma does not have to

have a continuation card after it.

. Any kind of format error will cause the error word and the remainder
of the card to be bypassed and an error message to be printed on the line printer
and the typewriter. Card processing will continue, however. That portion of the
card before the error was found will be processed and any valid memory alteration
that could be done will be done. Continuation cards, after an error card, wili also
be considered errors.

o
)

CARDS 1

o
A
)

omma as the last character on the card. Only if none of the three valid keywords ar-
e
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ACYV

PROGRAM DESCRIPTION

(7/30/75)
PROGRAM NAME: DISCRETE
PROGRAM TYPE: Discrete Driver
INITIATED BY: Program ACVSIM
PURPOSE: To process the discrete 1/0 bits
CALLING SEQUENCE: BAL, 15 DISCRETE

DESCRIPTION:

The program DISCRETE reads the discrzte bank used by the ACV system.
The program will not return to the caller until all the discrete I/O is completed.

DISCRETE 1
258 ’




B P s

i e it

Ay

il ot i N
bl ERAB T e R

g

o g
e e

o

bt

U Ak Ak

! 1'\1.

i 4‘” Dl b i

Wy
it

s
i

gt
TR

o

b sl
A T A

PROGRAM NAME:
PROGRAM TYPE:
INITIATED BY:

PURPOSE:

CALLING SEQUENCE:

DESCRIPTION:

NAVTRAEQULPCEN 75-C-0057-1

ACV
PROGRAM DESCRIPTION

(7/30/75)

DLOOPER
CRT Driver
Pregram CRT

To set up ACV position variables for the
CRT driver program DLOOP

BAL,15 DLOOPER

The program DLOOPER converts the ACV simulation X, Y,Z position
values and the sines and cosines of the pitch, roll, and heading from floating point
values to integers and fractions. These conversions are made for a call to the CRT
driver DLOOP. The X,Y,Z position values are converted into integer inches. The
sines and cosines are converted into fractional values scaled Bl. Then the program
DLOOP is called to drive the CRT.

DLOOPER 1
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ACY
PROGRAM DESCRIPTION

(7/30/7%)

PROGRAM NAME: DTA

PROGRAM TYPE: Analog Outiput Driver

INITIATED BY: Program ACVSIM

PURPOSE: To format and transmit variables to analog
devices.

CALLING SEQUENCE: BAL, 15 DTA

DESCRIPTION:

The program DTA drives analog output devices such as the simulation
cockpit display meters and the chart recorder. DTA takes the unformated floating
point value directly from simulation parameters,

There are two types of analog output values. Those values that represent
only a voltage and those that represent sines and cosines to a syncro meter. The

syncro needs both the sine and cosine of its associated data value. Therefore, these
values are processed twice.

The non syncro values are processed as follows. They are first adjusted
to subtract any bias from them. Then their magnitude is limited so they don't go
beyond the stops of their associated devices. Finally they are scaled to represent
a fraction of 10 volts (10 volts is usually full scale on the output device). The
formatted data value is stored in an analog output word for later transmittal.

Syncro values are first adjusted for any bias.
magnitude to k2ep their value in meter limits. They are converted to degrees and
compared to their last value. This comparison is to provide a meter change limit
s0 that the meter is not changed to a new value too fast. Finally the sine or cosine
of the syncro value is found and converted from floating point to [ixed decimal Bu.
The value is stored in an analog output value for transmission.

They are then limited in

When all the analog output values are converted, they are all sent out
to the analog output converter.

DTA 1
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ACV

PROGRAM DESCRIPTION

(7/30/75)
PROGRAM NAME: EXECACV
; PROGRAM TYPE: Interrupt Processor,Initialization
:— INITIATED BY: Hardware Interrupts, Load Procedure
: PURPOSE: To process the interrupts and to initialize

the ACV system

CALLING SEQUENCE: (Interrupt Linkage)

I ‘;M‘ il

DESCRIPTION:

The program EXECACYV contains all the interrupt processors for the
ACV system and also contains the initialization routine. The interrupts that are
processed are the Counter 3 Zero Interrupt, the Control Panel Interrupts, the
Memory Parity Interrupt, all the Error Traps, and the CAL4 Trap.

The Counter 3 Zero Interrupt provides the timing for the ACV simulation
real time math model. It maintains the internal clock used to print out the time.
it processes the background timer counter when the timing of the background is
= requested. The Counter 3 Zero can interrupt itself. If it does, a record of this
happening is kept by incrementing a system flag. The real time programs are
executed with Register Pointer set to 0, (Bits 55-59 of the PSD).

il

Lol

The ACYV simulation is initialized at load {ime and any other time upon the
request of the operator. During initialization the interrupt locations are reset, various
system parameters are reset, and all 1/O is reset. Location X' 26' is set to a
branch to initialization routine. This allows the operator to restart the system by
pressing IDLE-CPU RESET-RUN. The initialization routine is terminated hy
branching to background.

Ti.e Control Panel Interrupt does a logical exclusive or to a typewriter
input flag. This will alternately set the flag to zero and non-zero. The flag is tested

by the typewriter input I/O processor to allow and disallow the operator to perform
input type commands.

The Power Up Interrupt will branch to ACV initialization. The Power
Down Interrupt will execute an infinite loop.

EXECACV 1
261
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The Memory Parity Interrupt and all the Error Traps ure processed in
the same way. They execute a CAL4 Trap. CAL+‘ will save the number of the error,
the location and the status of the condition code at the time of the error, the status '
of the memory fault bits (for memory parity), and the 16 registers being vsed. The
error can be recovered by either going back to the error location plus one or, if
the console switch is on, going to the initialization routine.

EXECACV 2
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PROGRAM NAME:
- PROGRAM TYPE:

= INITIATED BY:

NAVIRAEQUi PCFX :5-C-0057-1
ACV

PROGRAM DESCRIPTION

(7/30/75)

FIXPRNT
Data Formatter

Typewriter and line printer programs

3 PTJRPOSE: To convert floating point values to EBCDIC

fixed point values

“
i

CALLING SEQUENCE: LI,2 BA(BUFFER)

LW,6 DATA
BAL, 15 FIXPRNT

m

DESCRIPTION:

The program FIXPRNT converts a floating point, single value into
EBCDIC print bytes. The format of the output is

SDDDDDDDDD

[

where S 1is the sign of the value, tor - .

D is either a decimal character (0-9)
or a decimal point.

The position of the decimal point depends or the magnitude of
the input value. If the value is smaller than +10 %% -7 or larger than + 10 **9 the
data is converted to zero or + 999999999, respectively. Leading zeros are
suppressed. Ten characters are always stored in the output buffer (BUFFER).

AT

The calling sequence expects register 2 to contain the byte address
.of the buffer in which to store the output bytes. Register 6 should contain the
data value to be converted. When the calling routine is resumed, register 6 will
be unchanged and register 2 will be incremented by 10.

The input data is converted from a single word, hexid ecimal mantissa
and exponent to a double word, decimal mantissa and exponent. The program
FLTDEC is called to do this. The mantissa is then converted into EBCDIC
characters using the exponent to position the decimal point.

FIXPRNT 1
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ACV

PROGRAM DESCRIPTION

(7/30/75)

PROGRAM NAME: FLTDEC

PROGRAM TYPE: Data Conversion Subroutine
INITIATED BY: Caller

PURPOSE: To convert a single floating point value

from a hexi decimal mantissa-exponent to
a decimal mantissa-exponent

CALLING SEQUENCE: LW,6 INDATA
BAL,15 FLTDEC
STW,6 OUTMANT
STW,7 CUTEXP

DESCRIPTION:

The program FLTDEC converts standard single,floating point numbers
from base 16 to base 10. The input value (INDATA) should be in register 6. The
output mantissa (QUTMANT) and the output exponent (OUTEXP) are found in registers
6 and 7,respectively. The converted value is used to print fiocating point values onto
the line printer and typewriter.

The method used is:

16 *%xE16=10%%E10

Log (16**E16) = log (10**E10)
El6%*log 16=E10

16%%E16 = 10%* (E16 * log 16)

E16%* log 16 is broken up into its integer and fraction. We'll call them
IE10 and FE10, respectively. Therefore:

MANT 16%(16%¥*¥E16) = MANT16%(10%xFE10)*(10%%IE10)

Whera MANT16 is the mantissa of the input floating point value. IEI0
becomes the output exponent to the base 10.

MANT16%(10%*FE10) is the new mantissa for the decimal floating point
number. The decimal exponent and mantissa may get adjusted to insuce that the
mantissa is between +1 and -1,

FLTDEC 1
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The value of 10¥*FE10 is calculated with a Liastings polvnomial., T}

s coefficients are:
a = 1.0
0
al = 1.15129277
a = ,66277,384
2
a3 = .,254393574
a = ,072951736
4
a5 = .017421119
a6 = .002554917
a7 = .000932642

The polynomial is:
i
10¥%X = (raX) 2
1

(Sce Approximations for Digital Computers by Cecil Hastings, Jr.,
Princeton University Press, 1955)

PRI
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PROGRAM DESCRIPTION

(7/30/75)
PROGRAM NAME: FLTPRNT
PROGRAM TYPE: Data Formatter
INITIATED BY: Typewriter and line printer programs
PURPOSE: To convert floating point valucs to

EBCDIC floating point values

CALLING SEQUENCE: LI,2 BA(BUFFER)
LW,6 DATA
BAL, 15 FLTPRNT

DESCRIPTION:

The program FLTPRNT converts floating point, single word data values
into EBCDIC print bytes. The format of the outpul is:

SD.DDDDDDD ESDD

where S is the sign, + or -, of the mantissa and the exponent. The D's are decimal
characters (0-9). The characters '.' and 'E' are constants. The exponent represents
a power of ten exponent.

The calling sequence expects register 2 to contain the byte address of the
buffer in which the output characters are to be stored. Register 6 contains the input
floating point value. The calling program is resumed with register 6 unchanged and
register 2 incremented by 16.

The input data is converted by the program FLTDEC from a hexidecimal

mantissa-exponent to a double word, decimal mantissa - exponent. The double word
is then converted into EBCDIC characters.

FLTPRNT 1
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ACV

PROGRAM DESCRIPTION
(77/30/75)

PROGRAM NAME: INTECER

PROGRAM TYPE: Data Formatter

INITIATED BY: Print and Typeout Programs

PURPOSE: To convert computer words to decimal and
hexi decimal integer EBCDIC formats.

CALLING SEQUENCE: LI,2 BA(BUFFER)

LW,6 DATA
BAL, 15 DECIT

LI,2 BA(BUFFER)
LW,6 DATA
BAL, 15 HEXIT

1 DESCRIPTION:

;- The program INTEGER will format a data word into EBCDIC format. It
5 will convert the value into EBCDIC decimal or hex decimal characters depending on
: whether DECIT is called or HEXIT is called.

The word to be converted should be placed in register 6. The byte address
of the buffer in which the formated bytes are to be stored, should be placed in register 2.
In both cases the buffer address is updated by the number of bytes used in the formatting.
1 HEXIT will always use eight bytes with leading zeros. DECIT suppresses leading zeros

and leit adjusts the characters. However, it will transfer trailing blanks and uses 11
= bytes.

e

. INTEGER 1
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ACV

PROGRAM DESCRIPTICN

(7/30/75)
PROGRAM NAME: IOPERIF
PROGRAM TYPE: 1/0 Subroutines Drivers
INITIATED BY: PRINT,TYPE, CARDS, TYPEMSG
PURPOSE: To provide the 1/0 interface between the

hardware unit and its software processor.

CALLING SEQUENCE: BAL,15 CARDREAD
DATA BA(CARDBUF)

BAL, 15 PRNTLINE
DATA BA(PRNTBUF)

BAL, 15 PRNTPAGE

BAL,15 TYFPEOUT
DATA BA(BUFFER)

BAL, 15 TYPEIN
DATA DA(BUFFER)

DESCRIPTION:

IOPERIF contains all the I/O drivers for the peripheral equipment. These
subroutines are designed to be used in background only. The typewriter routines
can be used by the typewriter processors only. Each subroutine is described below.

The routine CARDREAD will read one card and store the input characters
in the buffer provided by the caller. The program will always store 80 characters.

If a card reading error occurs, the program will wait for the operator to correct the
error on the reader and reread a new or the corrected card.

The routine PRNTLINE will print one line of data onto the line printer.
The input buffer should have as its first character the size of the remaining buffer.
This first character is not printed. The input buffer can be any size but only 132
characters or less will be printed. When the calling program is reentered, it is
free to change its buffer even though the last line is not completed printing.

IOPERIF 1
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The routine PRNTPAGE will skip the printer page to the head of page.
Nc input buffers are neefed. The next line printed will be put on the first line of
the new page.

The roctine TYPEOUT will typc one line of data onto the typewriter.
The first character of the input buffer should be equal to the size of the remaining
buifer. The first characier is not printed. The input buffer size should not be
longer than 85 characters. The carriage rcturn character is put at the end of the data
line by the TYPEOUT subroutine. TYPEOUT rcturns to the calling prugram before the
line is typed, but the calling buiffer is immadiately available for reuse. See the note
below.

The subroutine TYPEIN reads one line of typed data. An input linc on the
typewriter is defined as one that ends with one of the threc characters NL(new line),
EOM iend of message), or HT (horizontal tab-TAB). A line that exceeds 85 characters
will also be terminated as a comnplete typed input line. The line that was ended by an
EOM =haracter or because it was 85 characters long will be rejected by TYPEIXN and
TYPEIN will read a new line. Also if the line was terminated with an 1/0 error
jndication, it will be rejected and a new line will be read. The first character of the
resultant input line will be equal to the size of the remaining buffer and should not be
considered part of the input line.

The cent sign (¢) is used as a backspace by the operator. The input line
is scanned for cent signs and TYPEIN will correct the line so that the caller will
never see them. If the ¢ marks backspace the entire line, a new line will be read.
See the note below,

Note - Since the typewriter is such a slow device especially on input,
.evice busy tests use the routine TYPEWAIT. This routine will allow other devices
besides the typewriter to be referenced even though the typewriter is in the middle
of an 1/O request. See the program TYPE.

IOPERIF 2
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ACY 1
PROGRAM DESCP?iPTION ‘
{7/3C775;
PROGRAM NAME: PRINT
B PROGRAM TYPE: Background 1/0
] INITIATED BY: Program CARDS
PURPOSE: To print the state parameters
CALLING SEQUENCE: B PRINT
DESCRIPTION:
The program PRINT is a driver for the program SYSPRINT. SYSPRINT
prints the simulation state pParameters. If card reading is being done, printing wili
not be done. The Program is terminated by branching to the program BACKGRND.
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ACYV
= :g PROGRAM DESCRIPTIO
= 3 (7/3G/75)
= PROGRAM NAME: PRNTTIME
PROGRAM TYPE: 1/0 Subroutine
INITIATED BY: SYSPRINT
PURPOSE: To provide the time and date in EBCDIC format
CALLING SEQUENCE: BAL,15 PRNTTIME

DATA BUFFER

= ) DESCRIPTION:
1 The program PRNTTIME will store the EBCDIC tim=2 and date into the
specified buffer (BUFFER in the calling sequence}. The format of the time and
date is:
e HH: MM MON DD, YY
4 HH is the military hours

MM is the minutes

MON is the 3 letter month

DD is the day of the month

YY is the last two numbers of the year -

The data is stored on a word boundary and needs four words.

The time is caiculated from the value RUNTIME which is updated by
EXECACY. RUNTIME is divided by RUNFREQ which eguals the driving frequency
of the real time simulation. Tais calculates the elapsed time in seconds. The minutes
anl hours are easily derived from the elapsed seconds.

The hour is calculated to be between 0 and 27  If it gets to be 24 or larger,
24 hours is subtracted from the time and the day of the month is incremented. The

month and the year are never changed. The day will be incremented pastthe
proper numbers of days in the metith up to a maximura of 99.

PRNTTIME i
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PROGRAM DESCRIPTION

(7/30/75)

PY. :-..n. NAME: TYPE

s M TYPE: Background 1/0

INITIATED BY: Frogram CRT

PURPOSE: To read and process the typewriter input
commands

CALLING SEQUENCE: B TYPL

DESCRIPTION:

The program TYPE will read and process typewriter input lines. The
operator initiates ar input line by putting on the typewriter input light. This is done
with the Control Panel Interrupt. The interrupt alternately sets and re.ets the flag
TYPEREQ. When the flag is non-zero (set), a read command is made to the type-
writer control unit. It is this read command that causes the typew.iter light to be
put on. The operator then types a line onto the typewriter. "'he program will
process it and perform a new read command. When the flag is zero (reset), the
pending read command is cancelled and the light is turned off.

Because the typewriter is a slow input and output device, a routine has
been implemented to allow other background tasks to be performed while the type-
writer processors are waiting for the typewriter to become ''not busy'. This
routine is TYPEWAIT. The routine is called during I/O operations by either of the
routines TYPEOUT or TYPEIN. Both of these routines are in the program IOPERIF .,
TYPEWAIT saves all of the 16 registers and branches to the program CARDS. This
allows other background I/O operations to be performed. Each time TYPE is entered
2 test is made to determine if TYPEWAIT was called. If it was, the routine that called
TYPEWAIT is resumed with all of its registers intact.

The program TYPE is entered from the program CRT. It ~ormally exits

by brancixing to the program TYPEMSG. If TYPEWAIT is in process, TYPE will
srancin to CARDS.

If TYP EWAIT is not in effect, TYPE will follow its normal path as follows.
if the ACV system was initialized, TY: = will first type a message to request the

onerator to enter the date and time. If a read request is indicated, a line is read and it ' _

is te. ed for a vatid keyword. The keyword, which is the first word on a typed line,

specifies the function to be performeu., If a valid keyword is read,the line is processed

by the koyword functicn processor. An invalid keyword which is not a continuation line
TYPE 1
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(see MEMORY and PARAM) will cause an crror line {o be printed. If the function
requested requires type-outs, the output operation is done in the program TYPE,

not in TYPEMSG. When the line is completely processed or rejected as an crror
a new line is read until the operator resets the type request flag, TYPEREQ.

The TYPE program can recognize five keywords. They are TIME,DATE
MEMORY ,PARAM, and DUMP. The format and function of each keyword request
is in the program listing and the Console Operating Procedures. They will not be
repeated here. MEMORY and PARAM are duplicates of the card reader inputs of
the same names. They can have continuaticn lines. None of the other requests can.
The time request will convert the input time into units of the real time update
frequency. The time in seconds is multiplied by RUNFREQ and stored in RUNTIME.
The date that is typed in with the DATE keyword is stored with no changes made to
it. The DUMP request will space a lire and type one location per line until all the
requested locations are typed.

»

If any of the keyword processors cannot read the input line, an error line
will be typed and the line will be ignored from the point of the error. Except for
MEMORY and PARAM this means the whole line is ignored. The error is not
localized by the software. The operator has to determine the location of the error
in the typed line,

TYPE 2
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PROGRAM DLESCRIPTION

(1/30/75)
PROGRAM NAME: TYPEMSG
PROGRAM TYPE: Background 1/0
INITIATED BY: Program TYPE
PURPOSE: Typeout error messages onto the typewriter
CALLING SEQUENCE: B TYPEMSG

DESCRIPTION:

The program TYPEMSG tests positions on a message queue. If any
message is flagged to be typed, it is typed. Because of the length of time it
takes to type messages the queue is examined repeatedly until there are no messages
left to type. The program ends by branching to the card reader 1/O processor

CARDS.

TYPEMSG 1
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SECTION ix
SUGGESTIONS FOR CuUMNiINUING DEVELOPMENT

Wy

As noted in the main body of this report, thce Vehicle Generated Wave (VGW)
model does not run in real-time. A considerablce amount of work neceds to
go into simulation development to enhance real-time execution. As simple as
the calculations might be, the sheer volume of computation is responsible
for the non real-time operation of the VGW package. The Suggestions for
Improvement presented in this section also include other areas which came
to light while writing this report. All suggestions, however, are aimed at
making the VGW package run in real-time.

0 000000 0005000000000 00 000000 0 B BB

MODEL UPPATES

Updating the "Mathematical Model of an Air Cushion Vehicle" is a priority
task, This task will resolve differences in the modelling by Cummings, et
al, and data which has been implemented at NTEC. The simulation program
which was delivered and is described in this report reflects the model as
given and does not necessarily represent, in all areas of modelling, the

true vehicle, The mathematical model was developed from Bell's preliminary
design, Now that JEFF-B has been built, full-scale actual data should exist
to properly update the model,

Some of the areas to be investigated are as follows:

air flow rates

air pressures

"skirt gap areas - skirt clearances
natural frequency of vehicle

drag coefficients

engine characteristics

wind forces

vehicle weights and inertias

fan characteristics

The model represents the best estimate from Bell's engineering experience £
and now real data should be available to update the pilot trainer to re-
present the actual vehicle.

R

CLEANUP AND TIMING IMPROVEMENTS

WL

Simulation program cleanup includes tasks as diverse as coding and model-

ling errors which have been identified at both CSDL and NAVTRAEGHTPCEN, Although,
these have been properly implemented at NTEC, a proper program update
shoutd be accomplished so that program listings and documentation can

remain current at CSDL. and NAVTRAEQUIPCEN.

0N

E : There are several areas where execution Timing Improvement can be made.
Peraaps other areas exist, but it would necessitate a close look by an
f experienced assembly language programmer. The Timing Improvements
= described here are exclusive of the VGW package, which is described in the

{*. next section.
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A time savings can be realized by changing the model of the gas turbines

Combining the three port/starhoard turbies e one engine will wave considerable

computation. This, of course, is not realistic nut there is only one pilot con-
trol each for port and starboard simulated

A small execution time savings can be realized oy using a constant wind speed
and set per run. This would necessitate changinyg these purameters during
initialization only. The execution time saved would be that of computing the
sine and cosine functions.

The seaway simulation timing can be improved by performing algebraic mani~
pulation of the equations and by using the piecewise approximation to the
cosine function.

There is a considerable potential of execution time savings by improving the
cushion pressure solution of the 6 simultaneous equations. The present method
uses a Newton-Raphson technique to compute a 6 x 6 matrix and solution by
mairix inversion. To create the matrix, many compuiations are involved and
32 function calls to TASQRT and 7TDASQRT per iteration. Although this is an
excellent method in accuracy and convergence, another method may take many
more iterations, but require less computational time.

A completely different method for solving for the cushion pressures would
completely relieve the execution duty cycle by implemeniing the 6 simultaneous
equations on the analog computer. This would be a fairly simple implementa-
tion in the hybrid facility at NTEC and should guarantee convergence.

The last method that could be implemented would be the complete programming
in fixed point arithmetic of the all digital simulation. This would be a last
resort item after all other possibilities have been explored. There is great
flexibility now by using floating point arithmetic, and fixed point arithmetic
would limit that flexibility. Also, this would necessitate a nearly complete
redevelopment of the real-time simulation program.

VGR TIMING

The Vehicle Generated Wave (VGW) model presents the most significant problem
to real-time operation. The huge number of calculations to be performed pre-
sents the greatest difficulty. At the present time, a complete execuffon to
calculate 25 VGW heights takes approximately 1.5 seconds. For each wave
height, 82 kernel values must be calculated by table lookup and interpolated.

Several possibilities exist to decrease the execution time. The first and
foremost must be to eliminate the linear interpolation to obtain the kernal
value, This would necessitate taking the kernel table that now exists and
updating it with constant intervals and by minimizing kernel error.

Since the kernel values are already fixed poini in the iable, the floating
conversion could be eliminated for the 82 kernel values per point and then
the convolution integral could be calculated in fixed point arithmetic. By doing

this, there would be only a total of 25 floating poiant conversions instead of
25 x 82 (2050).
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After all modelling and timing updates have been performed, a final deter-
riination needs to be made as to whether the VGW model can be run in real-
time. The object is to remove the first order lag on VGW heights (subroutine:
FILTER). By this time, there may be sufficient execution {ime remaining in
the duty cycle to include the VGW ralculations. Perhaps not all 25 points,

but 5 points a cycle would probably be fast enough for true vehicle updates.
This would yield a total update rate of the VGW heights of 250 msec (4HZ).
Studies would then have to be made to determine the adequacy of the update
rate.

*
¥

A i
i
%

The final method of solution would be to off-load all VGW height calculations
to a fast mini-computer for execution. Then the only load on the simulation
program duty cycle would be the data transfer between computers, which
would not be trivial,

AL

E PILOT WISUAL AFTRCTS AND WOTION SIMULATIONS

For a pilot trainer to be truly effective, proper visual affects should be
simulated for the pilot's awareness. Affixing the pilot station to a motion
platform is also an added affect on the pilot's awareness. Concurrent deve-
lopment of the hardware/software interface may be of benefit. At the very
least, program listings and documentation would be jointly held and current

AT

iR

REPORT UPDATES

In no case should changes be made to the real-time simulation of JEFF-B
without adequate documentation. This documentation should not consist of
merely handwritten notes or markups within this report. This report should
be properly updated at proper intervals during simulation development.
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