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TOWBOAT MANEUVERING SIMULATOR
USER'S GUIDE

1.0 GENERAL DESCRIPTION

The Towboat Maneuvering Simulator consists of a mathematical

description of the hydrodynamic response of an integrated river

tow embodied in a computer program running continuously on a

computer, with a control console and other graphic and hard copy

devices attached for input and output. It is thus a real time,

interactive simulator, constantly responding to console commands

and immediately updating the console displays. Figure 1 illustrates

the cumulative relative cost of a typical simulator as more operator-
specific equipment is added to the basic mathematical model. The

three order-of-magnitude increase in cost is a result of the
image projection equipment required to provide visual displays.

Typical problems which can be run are also shown in this figure.

Figure 2 shows the components of the simulator. All of

the components except the console were supplied by the U.S. Coast

Guard, and the console was designed and constructed by HYDRONAUTICS,

Incorporated.

The logic flow of the computer program is illustrated in

Figure 3. The programs are described in detail in Volume II of

this report.

1.
* - -*t-
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MATHEMATICS OPERATIONS

COMPUTER VISUALAlADAR IMAGE PROJECTION./\

PLOTTER CONSOLE- COMPLETE WHEELHOUSE

I I I I flill I I I 111 ) ! I 1 1 fiII
10 100 1000 10000

COST'

ENVIRONMENTAL - WIND, WAVES, CURRENT
SHIP CHARACTERISTICS - DESIGN ANALYSIS, BOW THRUSTER
CHANNEL /PORT CONFIGURATION - BRIDGES, LIGHTS, MOORINGS
EMERGENCY MANEUVERS
EQUIPTMENT FAILURE

FIGURE 1 - SIMULATOR PROBLEMS
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16 A/D CHANNELS

CONTROL CONSOLE

R32WRSMMR

ITRACESDIKDIE

PDP114 /+CARSC E

FIGURE 2 -SIMULATOR HARDWARE
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INPUT SUBROUTINES A/D SUBROUTINE
SHIP CHARACTERISTICS READ CONTROL SETTINGSSCENARIO GEOMETRY

: MISC. CONSTANTSJ

D/A SUBROUTINE

SET RENSE RT CONSTANTS SEND PRESENT DISPLAY PARAMETERS

SET TIME CONSTANTS

CALCULATE NEW RPM AND
OUTPUT SUBROUTINE I RUDDER POSITION VALUES
ITIAL PROBLEM CONDITIONS

PRNTTART GRAPHICS ROUTINE _________________PL TO SE AI 
WIND FORCE ISUBROUTINE 

I

CALCULATE WIND FORCE

START CLOCK AT SIMULATION _RATE I

I CURRENT SUBROUTINE

CHECK FOR END OF PROBLEM CALCULATE CURNT OES7

STOP LOCKDRIVE SUBROUTINE
STOP PLOTTER CALCULATE BOAT POSITION.

END GRAPHICS ROUTINE AND VELOCITIES FROM FORCES
EXIT I

INCREMENT PROBLEM TIME

OUTPUT SUBROUTINE

PRINT TIME AND PARAMETERS
PLOT BOAT POSITION

CHECK CLOCK
LOOP UNTIL SIMULATION

TIME REACHES PROBLEM TIME

FIGURE 3 - COMPUTER PROGRAM FLOW

ii,.- 
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2.0 CONSOLE DESIGN

The console design was based on the console in a towboat

built by Dravo Corporation. Drawings for the console and the

control handles were supplied by Dravo to HYDRONAUTICS to assist

in our design. Figure 4 is a picture of the actual console on

which our design is based; Figures 5 and 6 show the layout and

overall dimensions.
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STEERING LEVERS
DWG NO. 328598

DRAVO CORP.

4

22

SECTION A-A

FIGURE 6 - SIMULATOR CONSOLE
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3.0 SIMULATOR INPUTS

Input data on initial conditions, ship characteristics, and

scenario definition come into the problem through the three input

subroutines. These are described in Volume II of this report.

Figure 7 illustrates typical initial conditions, ship, and scenario

definitions which can be combined to produce a specific problem.

For example, using DTQ03, DTR31, and DTS01 we would have the EXXON

NASHVILLE in the Berwick Bay Bridge Scenario, moving up-river with

the simulation at twice real time. The scenario input routine

contains the waterway geometry, current, and wind conditions. The

ship routine contains all coefficients and parameters for the tow

to be used. The initial condition routine describes initial position,

speed, rpm and rudder settings, and time constants for the tow in

the scenario. The ship, current, and wind data necessary for these

routines is described in Volume III of this report. Figure 8

lists the other inputs and outputs; the inputs all come from the

console and are as numbered in Figure 5:

Port RPM Ordered Figure 5 - 1 left

Starboard RPM Ordered 1 right

Steering Rudder Ordered 10

Flanking Rudder Ordered 11

Bow Thruster RPM Ordered 9

Stop Switch 12

Section 8, Scenario Parameters, provides specific descriptions

of many of the variables in the input routines which are used to

set up the operating geometry.
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TH'I'S (f)IMA'NDf FA1 . I.: U: HF, EXAMPL ES WHICH MAY BE RUN
!BY COPYING THE IlE .' rcmxxF:fIR vcO t'f.rn.0.fR FOR, OMPI1. ING
!DTL 0, AND R1JrNI,)NOi THF COHI,)NI,' F~i LF: mio10*coM

xx 1: ES CRI PT I()N 0F' INITIAL IZAT [ON F:ILE

I 02 BF RWIC'K B~AY H R~ I I I fF I.:N*IVR (

I C3 F.R W'F C K 1SAY -BR:I D(:11 0 F .R I V F:R 2 X< T
04 ~ ' LFWEC I~511 '~ .PRIV 'ER

I~ ~ ~ 1 N K E R~i h: (i N Fl) k F .1 G~WM .'E

TA- JT RFi 1i (I 1"F 1F I Ii. F, fR I" O R O T M1 4 O X T) 4hILF

7.5i 1.'' jtF.iMi~' POIH D01-ffOAM R (2 Xt. Tj'f .(

rI f5i:::11'RTF.TTII OF SHIP F'ILE

011 1- YXXON TFOPFjF.:;SFF:

g ~ ~ TWI'p SI.:I.W TANKER

31 EXXON NASHVIFLLE

!THIS COMMAND FILE LISTS THE EXAMPLES WHICH MAY BE RUN
_ IBY COPYING3 THE FILE ETSXXFOR TO ETNiO.FORv COMPILING __

Ixx VECITIOOFSCNAI

01 BERWICK BAY BRIDGE - ---

062 -1E ERW I C BAYV B*R*D'GE NO -CURRkENT

.1 EI:EFWATER PORT

32 WILKINSON POINT NO CURRENT

rcdoe~
lgible epodtOlL

FIGURE 7 - SAMPLE INPUTS
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A/D IN PUTS

PORT PROP RPM ORDERED
STBD PROP RPM ORDERED
STEERING RUDDER ORDERED
FLANKING RUDDER ORDERED
BOW THRUSTER RPM ORDERED
STOP SWITCH

D/A OUTPUTS

PORT PROP RPM
STBD PROP RPM
STEERING RUDDER ANGLE
FLANKING RUDDER ANGLE
BOW THRUSTER RPM
RATE OF TURN
HEADING ANGLE

PRINTER OUTPUT

TIME X,Y POSITION
RPM PORT, RPM STBD, THRUSTER RPM
SPEED OVER BOTTOM
HEADING, TURNING RATE
STEERING RUDDER, FLANKINGRUDDER ANGLES
SIDESLIP ANGLE RELATIVE TO BOTTOM

GRAPHIC OUTPUT

PLOTTER - SCENARIO, 30 SEC POSITION

SCREEN -SCENARIO, 10 SEC POSITION

FIGURE 8 - COMPUTER PROGRAM INPUTS AND OUTPUTS

b



HYDRONAUTICS, Incorporated

-12-

4.0 SIMULATOR OUTPUTS

The simulator outputs are given in Figure 8. The console

outputs are numbered in Figure 5 as follows:

Port Propeller RPM Figure 5 - 2 left

Starboard Propeller RPM 2 right

Steering Rudder Angle 5

Flanking Rudder Angle 6

Bow Thruster RPM 8

Rate of Trun 13

Heading Angle 7

Printer Output is illustrated in Figure 9.

The Berwick Bay Bridge problem is described in Figures 10

through 12. The scenario geometry and current specification scheme
for this problem is illustrated in Figure 13. A series of 30 stations

at Position X, Y with length R at angle a are specified, and the

currents at 8 evenly spaced positions at each station are specified
by velocity V and direction Xc. The figure shows the positions

C
of the 30 stations. The current values and directions are as given
in Volume II, in the listing of DTNI0.

Graphic Output is illustrated in Figures 14 through 16. The
only difference between the plotter and screen output is the fre-
quency of boat position, as selected by the program.

- -.
i ri l Jil I . . . .
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Downstream Operation

e Entering Berwick Bay from the Port Allen route hold
the sailing line shown and reduce speed to about half
ahead.

0 EnterinqBerwick Bay from Stouts Pass cross the river
betweenQ)and(Dand favor left descending shore.

* Generally hold slow speed between(Dand(with inter-
mittent use of power to stay on course and close to
shore.

* At(0current will set tow toward right descending
shore i out too far in river.

* Cut point at Conrad Shipyard( in close to prevent
-urrert from catching stern of tow and rotating it
aut toward mid-river.

V Rut between slow and half speed at(Dto maintain steerage
and control.

Should be shaped up bO. rrent tends to get tow
out-of-shape betweenand 3

* AtG either drive or hold half speed depending on
conditions.

* Enter highway bridge at mid span or just to the
right of mid span depending on current conditions.

* Current will shift at highway bridge and operator
must expect a strong left hand draft between bridges.

* Favor right descending pier of railroad bridge to offset
current and to prepare for sharp right hand bend in
river just below bridge.

4 Under some conditions with a long tow you must back
and flank as soon as you clear the railroad bridge
in order to line up for the passage down river.

Upriver

0 In general operator can hold middle of river during
upstream approach.

* At(slow down and line up with railroad bridge.

* Favor Berwick pier (left ascending pier) to offset
current just below and between bridges.

FIGURE 11 - OPERATOR STRATEGEY
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x.

Va (2 PORT ALLEN ROUTE

c 30 STATIONS
V 3 8 POINTS EACH

28-

* 25

2i<-
x =7+COSOC( )M-1R-C 20 16

C,-' 18 YY7+ SIN-<("2 1 )R

C0

4

FIGURE 13 - CURRENT MAP
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5.0 CONSOLE CONNECTIONS
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A/D DEFINITIONS

0 -15 Channels ± 5V
1 - WIRE A - Port Propeller RPM

2 - WIRE E - Starboard Propeller RPM

3 -WIRE B - Steering Rudders

5 - WIRE C - Flanking Rudders

7 - WIRE D - Thruster RPM

8 - WIRE F - Stop Switch

tj
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D/A DEFINITIONS

0 - 7 Channels ±5V

0 - WIRE J - Port Propeller RPM

1 - WIRE K - Starboard Propeller RPM

2 - WIRE L - Steering Rudder Angle

3 - WIRE M - Flanking Rudder Angle

4 - WIRE N - Thruster RPM

5 - WIRE P - Rate of Turn

6 - WIRE R - Heading

7 - WIRE S -

-l~---
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6.0 SIMULATOR OPERATION



HYDRONAUTICS, Incorporated

-25-

RUNNING THE SIMULATOR

TURN ON

DEC PDP 11/34

DEC WRITER (300 BAUD, LINE, AUTO LF)

PLOTTER (LOAD)

4014 TERMINAL (RESET PAGE ON GLOW)

CONSOLE - SERVO RESET ON, RUN ON

TURN ON DISK 0

COLD START

CTRL/HLT, CTRL/BOOT TYPE:DL)

@ STARTG)'

SCREEN
TYPE: DATE - 10-May-79)

TIME - 20:30:15)

RUN - MAT10)

FOLLOW INSTRUCTIONS

ENTER OPERATOR I.D. UP TO 20 CHARACTERS

MOVE DEC WRITER TO NEW PAGE

LOAD PLOTTER, REMOVE COVER AND SET PEN (780 x 1170 GRID)
CONSOLE SERVO OFF, RUN ON

RESET SCREEN
)ON 4014

STOPPING

RUN OFF ON CONSOLE (STOP ON SCREEN)

TURN RUN ON AGAIN

- - - - -- V .... A. - .r- -
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CHANGING THE PROBLEM

COPY - DTSXX.FOR - DTN10.FOR (XX= PROBLEM NUMBER))

FORTRAN - DTN1O)

@ MATO)

TURNING OFF

DISK 0 OFF (LOAD)

PLOTTER LOAD, PEN COVER ON

SERVO ON, RUN ON, CONSOLE OFF (AFTER HEADING = 0)

TEKTRONIX 4014 OFF

PLOTTER OFF

DEC WRITER OFF

DEC 11/34 OFF

* a -
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7.0 WIRING DIAGRAMS
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8.0 SCENARIO PARAMETERS

Many of the variables in the input routines which are used

to establish the operating geometry are described here in detail.

Subroutine DTL10 - Initial Conditions

XS, YS - Initial towboat position. XS is the horizontal

co-ordinate in scene units, positive to the right, which is also

the North direction of the scene. YS is the vertical co-ordinate

in scene units, positive downward, which is the East direction.

PSID - Initial towboat orientation, with 0 being the North

direction (headed to the right), 90 being East (headed down),

etc.

NCCS - Number of current (and also scene) station to check

first in current determination subroutine. Usually 1 or NCCT

if boat starts at either end of the scene.

Subroutine DTM10 - Towboat Parameters

No scene parameters

Subroutine DTNIO - Scene Parameters

NCCT - Number of current/scene stations

SCALF - Scale factor used to allow current and scene para-

meters to be entered in other than scene units. The values of

XX, YY, and RR used to set the scene are multiplied by SCALF in
Subroutine SUB11 to change them to scene units for storage in the

XW and YW arrays.

XX - Horizontal co-ordinate of a station starting point.
Positive to the right. Units compatible with scene using SCALF.

YY - Veritcal co-ordinate of a station starting point.
Positive downward. Units compatible with scene using SCALP.
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RR - Radial co-ordinate of station. The scene boundary is

at the ends of the RR line. One end is at XX, YY, and other at

the end of RR. Units compatible with scene using SCALF.

PP - Orientation of RR with respect to XX, YY point, in

degrees. PP equal to 270.implies that RR is in an upward verti-

cal direction, so that the scene boundary is at XX, YY and XX,

YY-RR. The end points of the NCCT stations are connected to

form the scene boundary.

VC, PSIC - Current values in ft/sec and direction in degrees.

VC(1) to VC(8) are the eight values at Station 1

VC(9) to CV (16) at Station 2, etc.

NPPB - Number of straight line segments (up to 10) drawn

on scene. Co-ordinates are in scene units; SCALF is not used

to change them. XB(l), YB(l) is the starting point of line 1,

XB(2), YB(2) is the end of this line.

NPPT - Number of positions plotted on graphic output device

for every 1 plot of towboat position on plotter.

NCCS - If NCCS is set to -2, no current is assumed by the

current subroutine CURT. This saves time by not requiring CURT

to search for the current values at each calculation interval.

_____________________. . . . . . . I i . ... . . ...
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