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CHAPTER 9
THE SIXTH IMEKO CONGRESS
DRESDEN, GERMANY

June 18-22, 1973

BACKGROUND

TMEKO (The International Measurement Confederation, the
initials are from the German language versin of the name) is
the recognized international technical and englneering
organization in the flelds of sensors, measurement theory,
and measurement applications. It was formed in 1958 in
Budapest, Hungary. It holds a regular triennial international
Congress in the measurement field and numerous symposia and
colloguia in the interim periods. As indicated above this
particular Congress was the sixth of the IMEKO series.

Membership in IMEKO 1s ostensibly by countries with one
engineering or physical society or academy in each country
serving as the member organization for that country. The
Instrument Soclety of America represents the United States in
IMEKO, There are a total of 20 member countries with Indis
Jjust having been accepted as a member.

TMEKO recognizes four major languages inthe presentation
of its papers. These are English, Russian, German, and French.

Papers may be written and/or presented in any of these
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languages depending upon the writers preference. Simultaneous
franiintion 15 provided in the other languages during the
presentation,  However, publicatlon 1s by photo-offset -
means and 15 thus in the language of origin., Publication of
Congress papers takes place in a set of Preprints available

at the Congress 1tself and a Proceeding published later by
North Holland Publishing Company, Amsterdam, with the aid of

the Hungarian Academy of Sciences,

[3 3
S
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THE DRESDEN CONGRESS

The Dresden Congress of IMEKO presented a total of 175
submitted technical papers, 7 survey lectures, 2 technical
addresses, and 11 rﬂund table discussions. These occurred
in anywhere from one to seven simultaneous sessions over
four and a half full days. Another half day was used for
excurtions to Fast German industrial companies and scientific
research labpratories to view examples of their work in this
arca,

OF the above: 49 submitted technical papers, 2 survey
lectures, and 2 round table discussions were directly ap-
plicable or topics very closely related to the ship auto-
mation field,

A list cf these papers in presented in Table XIIT sub-
divided according to general topic areas for those in the
English language and likewlse in Table XIV for those in the
German language. It should be noted here that several of the
important English language papers actually were prepared in
Russla and other eastern countries but written in English
for a wider appreciation of their contents, The same is true
of many papers from western countries whose native language

is not listed among the chosen four major languages.
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TABLE XIII

TMPORTANT IMEKO CONGRESS PAFERS PRESENTED
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|
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TABLE XIIT (cont.)
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Techniques"
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s "
e



]

w q

TABLE XIV

IMPORTANT IMEKO CONGRESS PAPERS PRESENTED
IN THE GERMAN LANGUAGE

A. Theory of Measurement Systems (including relisbility studies)

"The Behaviour of Frequency Analogue Measuring Systems"
B.-G. Woschni, GDR

"W requency- -Analogue Converter FALCON in the PR 93.1 Digital

Strain Guage"
H.-D. Cargill, FRG

B. DMeans and Methods for the Instrument-Computer Interface

"Problems of Data Acquisition for the Automation of the
Analysis of Radar Information with a Process Computer"
G. Richter, A Beckert, GDR

"The Application of Hybrid and Digital Computers in the Field
of Vibration Measurements"

K.D. Jahn, FRG
e mputer-Adapted Transducers with Frequency Output"
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"Standard Interface of the Electronic Measuring Technique
with Regard to Computer Appliication"
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"A Programmable Electronic Equipment Set for Automated
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P. Veith, FRG
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Measurement"
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TABLE XIV (cont. )
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5
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o e

E. Measuring Systems for the Detection andControl of Pollution
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THE STATE OF THE ART IN SENSOR DEVELOPMENT

As 1s menticned several ¢times in the discussion,
reliable sensors are the majJor drawback to a wholehearted
acceptance of computer control of ships by their crews.
The survey paper by Miller and Wright, Paper A-%, "Sensors
for On-Line Process Control," given at the IMEKO Congress is
especially valuable in this regard with its review of the
overall state of the sensor art as viewed from still another
industry - the steel producing industry. Pertinent excerpts

from this paper important for our project are reproduced below:

ct

"The objective of this paper is to summarize the
sltuation which one will encounter when attempting

to apply sensors, or to apply automatic control
around sensor limitations, or non-availability. In
order to acheive this objective with some degree of
organlzation, it is proposed to divide sensors into

three groups:

GROUP 1 - Mature Development

Group I comprises sensors which are com-
monly used throughout many industries, and
which are considered to be in a mature state
of development (Table I). Such devices will
be characterized by relatively low costs,
minor maintenance needs, and will give repeat-
able results at specified accuracies. Usually,
these sensors are available from many different
suppliers.

e
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SENSORS -

TABTL T

GROUP 1 - MATURE DEVELOPMENT

Varilable to
be Measured

Shaft Speed

Shaft Position

TForce

Voltage

Current

Power, KVAR

Temperature

Pressurc

Fluld Flow

luid Level

e s e e e b b i A e

S ensor Type
of Prineiple

e che o S e o ¢ et ———— f————-p ¢\t . 8 A 5 W S 89l s &

Analog Tachometer,
Dlgital tachometer

Various Aneleg deviees,
Digltal encoder

Load Cells -
Strain Gage,
Magnetic Flux

Pctentiometer,
Transformer

Shunt,
i Current transformer,
Hall transducer

Hall transducer
! Thermocouple,
; Pyrometer,
Resistance Temperature
Detector

Electronic Force
Balance

Turbine

Manometer with filter-
ing and transmitter

i
|
i
l
l
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GRCJP II -Commercially Proven

Group IT comprises sensors which provide

measurements having an extra degree of difficulty
(Table T1), These devices will have been

develcped 1In recent years to meet the lnereasing
needs of various industrles. Sensors in this
group are consgidered to be commerclally proven,
although due to thelr increased complexity,
demands on maintenance will be higher,.

GROUP III - Experimental

Group III comprises sensors which may be
considered in some way to be still experimental
and needing further development effort (Table III).

In the context of thils paper, all sensors are
to be scanned by a digital computer. The output of
the &ensor, therefore; mist be a voltege, In this
regard then, the sensor may be regarded as a trans-
ducer which changes the actual variable into a
voltage sultablie for being read by the computer.

State of the Art Summary

A complete state of the art summary 1s more than
can be accomplished within the time and space limi-
tatlons 'of- this paper. However, 2 sSeaifch of the
literature revedls somé Interesting oplmioms, amnd
to review a few of these will be valuable,

Pressure, Flow, and Level

Rosenbrock and Young, in their 1966 IFAC survey
paper "Real Time On-Line Digital Cmmputers"(g),
expressed the view that the chiefl measurement problems
lay in the areas of flow and chemical composition.

It seems that their statement is s$till true today.
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variable to
be Measured

Strip Thickness

S1lab Thickness

Strip Width

Plate Width & Length

Tension

% Plate Thickness
. and Crown

: Paper Thickness

T Basis Welght

i Moisture Content
~ Capacity

- Level, Density

Hot Steel Chemical
Analysis

Aggregate Analysis

7 Oxysen
% Carbon Dioxide

5

| e com e o e . v
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TABLE II

Sensor Type
or Principle

X -Ray
Isotope
Contact
Thermal Scan

Thermal Scan
Optical

Therwual Scan
Load Cell

X -Ray
Isotope

Isotope
Electromagnetic

Isotope
Infra-Red
Optical

Isotope

Vacuum Spectrometer
X -Ray Spectrometer
X -Ray

Paramagnetic

Thermal Conductivity

Cost in
g 1000

A ————e

30/50
15/25

3/ 5
12/18

40/60
40/€0

60/100
15/25

50/200
10/30

10/30
12/20
10/30

5/10

bt
Ul
\ ~
n
o

n
S

15/2

50/100

5/10
5/10

-

SENSORS - GROUP 2 - COMM'RCIALLY PROVEN

Application

b

Rollirg Mill

Roliing Mill
Rolling Mill

Rolling Mill

Rolling Mill,
Paper Machine

Rolling Mill
Paper Machin

Paper Machine
Paper Machine
Paper Machine

Distillation
C\ L‘A‘:;

Basic Oxygen

Furnace,
Blast Furnace

Blast IFurnace
Cement Plant

Cement Kiln

Cement Kiin
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TABLE II con't.

e I

5lurry Density Radiation Absorption 5,/1( Mining, Cement
or Congistency Mechanical Torque Paper

Molten Metal Expendable Thermocouple § 50 FEach Basic Oxygen
Temperature Furnace

Temperature of body S1ip Ring Thermocouple 2y E Cement Kiln
in relxtive matlion

Temperature Two-Color Pyrometer 5/10 Steel, Cement

i‘
z | Microphone with selec- | v/ g Grinding Mill

tive electronics I

e -
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Variable to
be Measured

Strip Shape

P

Ckip Molsture

Chemical Components
Vapor Pressure

Hot Steel Chemical |
Analysis :

' Oxygen Activity &
' Carbon Content

5 Slurry Analyzer |

~ Gas Analysis
Gas I'low

Coal Flow
‘Flue Gas Analysis

Carbon Dioxide
Analysis
Rod and Bar Diameter

Turn Indicator for
Plate

Linear Strip Speed

e o e
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SENSORS - GROUP 3 - EXPERIMENTAL

TABIE III

Sensor Type
or Principle

Load Cells

Capacitance

v G—

Gas Chromatograph
Boiling Point Analyzer

Flash Point A

nalyzer

Neutron Activation

Electro-Chemical

X -Ray

Electro-Chenical

Venturli Princ

iple

Revolving vane plus

pulse generat

or

Catalytic Combustion

Paramagnetic

Catalytic Combustion

Thermal Scan

Thermal Scan

Laser

-

i

Cost in
g 1000

125/175
5/10
5/10

20/50
2/ 4
50/100

5/10

1/ 2

&..{..,. -

D e S —

Application
Rolling Mill
Digester
Distillation
Column

Basic Oxygen
Furnace

Basic Oxygen
Furnace

Concentration
Plant

Basic Oxygen
Furnace,
Blast Furnace
Basic Oxygen
Furnace
Blast Furnace

Steam Boilers

Steam Boilers

Sewage Plants

Rolling Mill

Rolling Mill

e
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This situation is not too surprising as far as
chemical measurements are concerned, since such
measurements are inherently difficult and complicated,
But 1s the measurement of flow really so uncertain?

The Instrument Society of America Transducer
Compendium 1969(3), stated that surprisingly few
new types of flow transducers have been developed,
The most widely used transducers were of types
known and used for many years. Some new transduction
principles were referred to. Among these are (1)
magnetic resonance, (2) laser operated, (3) swirl
meters.

It would appear today that these new instru-
ments have not caused a revolution, and that in fact
the situation in 1973 is still essentially the same
as was described in 1966,

As expressed by ISA, there are three areas
of flow measurement which present special problems.
These are pulsating flow, two-phase flow, and slurry
flow. Although pulsating flow theory exists, no
entirely adequate meter has yet been developed. Two-
phase flow occurs in many chemical applications
where a fluid exists simultaneously as a gas and
a liquid. Measuring total fluid rate is difficult.

The measurement of slurry flow is desireable
in many different industries. In most cases, such
measurements pose problems. Generally speaking,
frequent maintenance is requived to maintain the
sensor rellability and accuracy at an adequate level,

When we turn to pressure and level measure-
ments, we find that enough techniques exist to
enabhle virtually any necessary degree of accuracy,
reliabllity, and repeatability to be obtained. In
this regard, it is interesting to 1list some of the
devices or effects employed in the various level
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measuring devices. Among these are:

- Current Probes

- Nuclear Radiation
- Capacitance

- Sonar

- Ultrasonic

Motion, Dimension, Force, and Torgue

Sensors to measure these quantities are cate-
gorlzed as GROUP I of this paper. They are readily
avallable from many suppliers, with probably 20C
manufacturers located in the United States alone.

An interesting example of the use of a force
sensor 1s encountered in the measurement of tension
in either steel or paper.

Temperature

Temperature sensors have been classified as
elther themometers or pyrometers, Originally,
the term "pyrometer" was applied to instruments
that measured temperatures above the range of the
mercury thermometer., Today a different meaning
1s attached to the two terms. If the temperature-
measuring device is inserted into or attached to
the body or substance that is to be measured, the
device is called a "thermometer". Tf the device is
located some distance away from the temperature
it is classified as a pyrometer. This concept

practically limits the term "pyrometer" to radiation

and optical devices.
"Thermometers" such as the thermocouples and
resistance temperature detectors represent reliabie

ce,
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measurement meané in those cases whers physical
condltlions permit their use. Where physical con-
tact 1s not possible, we have to use some form of
pyrometer, We may consider three types of sensors
here. These are:

(1) Total Radiation Pyrometer
(2) Spectrally-Selective Pyrcmeter
(3) Two-Color Ratlo Pyrcmeter

All of these have been used wi’h satisfact Y
results In various applications.

Humidity and Mcisture

In the last three years a large number of
advanced control systems have been applied to paper
machines. These have employed senscrs to measure
such things as molsture content, capacity, weight,
gte. In the United States, nearly 100 such systems
have been installed. The senscrs for these,
therefore, have been included in GROUP TT.

Geometric Measurements

vensors to measure geometric quantit ies, e.g.,
wldth, thickness, diameter may be said tco have
reached a very satisfactory degres of development.
They can also be very expensive, p rheps mure &

than any other sensor.
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REVIEW OF CHEMICAL ANALYSIS TECHNIQUES

For many people, chemical measurements have nan
a1r of mystery which may almost seem t« verge on
binck maglc. With the thought Lhat a coneise re-
view of the ways of making such measurements my

be welcome, the following summary has been preparead,

Classification of Measurement Methods

Chemlical composition variables are measured
by observing the basic interactions Uotween matt
and energy. Atomlc theory of matter leads to the
concept that theenergy states of electrons within
a substance are characteristic uf the ¢ompos it ian
of that substance, These energy states can be
inferred by cbserving the conseauences of interact!?
between the cubstance and an extornal s urce of BTEY .
This external energy may be in any of the follcwi:
baslec forms:

Electromagnetic Radiation
Chem il affinity or reactivity

W

Electric or megnetic flelds
.

—
=

—~ . .
St et e S
. - - -

hermal or mechanlcal energy

1. Interacticn with Electromagnetic Radiation

This methced Involves the measurement of the
mantity and quality of electrumagnetic radiati.
emitted, reflected, transmitted, ~r diff¢racted 1
the sample, Some technlques involved in this ars

X-Ray analvsis

Ultravinlet Spectrophotometry

Infra-Red Spectrophotometry

Microwave Spectroscopy

Colorimetry
Polarimetry
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2. Interaction with other Chemicals

The chemical affinity of certain compounds
for cach other often permits positive identification
and analysils of chemical components by virtue of
thelr interactive behavior. It should be noted
that while these reactions are unique for cach
clement or compound, they may be masked by the
presence of more reactive substances. These
techniques, therefore, should be epplied only to
systems of known composition limits. Measurements
which may be taken are:

Consumption of sample or reactant
Measurement of reaction products
Thermal energy liberation
Equilibrium solutlion potentials

2. Reaction to Electric and Magnetic Fields

This met.<d invulves the measurement of he
current, voltage, or flux changes produced in
energlzed electric and magnetic circuits containing
the sample. The instrumental techrijues which are
based upon reaction to electric and magnetic fields
include the following:

Mass Spectroscopy
Electrolyals
Measurement of electrical properties

Measurement of magnetic preprrties

ﬁ; Interaction with Thermal or Mechanical Enoggx

Instrumental techniques which ave based upon
interaction with thermal or mechanical energy
Include the following:




9-20

Effects of Thermal Energy

Effects of Mechanical
Energy or Forces

Thermal Conductivity
Melting & Bolling points

Ice Point
(Crystallization)

Dew Point

Vapor pressure
Fractionnation
Chromatography
Thermal Expansion

Viscosity
Sound Velocity

Density

A discussion of techniques falls short of
providing the knowledge and insight necessary to
design or specify a chemical analysis system or
device. For specific problems, one should either

consult a specialist, or refer to ,
and develop the necessary background himself(l’;

the literature

1
.
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CHAPTER 10

VISTTS TO ORGANIZATIONS ACTIVE IN
SHIP AUTOMATION ACTIVITIES

INTRODUCTION

Report co-author T.J. Williams took advantage of the
trip to Europe to attend the IMEKO Congress and the TFAC/
IFIP Ship Operation Automation Symposium to visit several
organlzations manufacturing components for ship control use
and/or engaging in research on advanced ship operation

practices,

R L
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GEC-ELLIOTT AUTOMATION LIMITED

GEC-Elliott Automation Limited was formed in 1969
by the merger of the General Electric Company (England -
no relation to G.E. in the United States) and the Elliot
Process Automation Company along with many small subsidiar:es
of both. At the time of the merger Elliott was one of two
major process control computer manufacturers in the Urited
Kingdom, the other being Ferranti.GEC also manufactur-d
process control computers but like G.E. in the United [ tates
these were used mainly in control of steel mill systems and
power statlons manufactured by GEC.

The difficulties of the reorganization have consun-d
the best part of three years with te result that GEC-E 1iott
Automation Limited has lost the best part of that amouit of
time in 1ts competition with comparable companies throvehout
the world. However, with the consclidated company tic, do
have the capability of carrying out complete plant aut mation
systems for any type of industry including shipping. They
alsc have a new computer desigr,, the Model 4080, which appears
to be excellent for any of these tasks if not too expensive.
Thus they promise to become a power in the autcmation 'icld.
probably including shop automaticn, in the relativelw 1
future,

Visits were made to the offices of GEC Computers,
Borehamwood, Hertfrdshire, where the following individials

were contacted:
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Mr. S.L.H., Clarke, Group Technical Director
Mr., D. Harvey, Marine Systems Division,
GEC-E1liott Process Automation, New Parks,
Lelcester.

Mr, Roger Charters, Group Leader,

4080 Computer Project, GEC “omputers.

At this location Mr. Charters reviewed the 4030 Computer
and a visit was made to the manufacturing floor where the
first two examples of this machline were in successful
operation and being uscd for program development work. It
was learned that the first commerical models will appear in
November 1973 and that production is sold out through
February 1974 (16 machines).

This machlne is comparable to the most modern and capable
American 16 bit minicomputers and is in the price class of
the larger and more expensive of these, Thils may be the
most Ilmportant drawback considering the fast price reduction
sti1l occurring in US machines of thls class today.

Mr. Harvey degcribed the capabillties and products of
the Marine Systems Division., These are described in detail
in the material in Appendix II-1 and will not be repeated
here., In addition to these control systems the GEC Group of
companles can supply all other components of the ship except
the hull, ie, engines, radars, pumps, commuinication equipment,
cargo machinery, etc. Unfortunately a mejor group of personnel
built up by Elliotts for marine automatlion prior to the merger
was lost during the long perliod of reorganization and must

be redeveloped.
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A visit was also made to the Hirst Research Laboratory
»f GEC at Hirst, Hertfordshire, Here the following indi-
viduals were contacted in addition to Mr. Clark who ac-
companied me:
Mr. Rovert W. Sutton, Mgr. Automation Laboratory

Mr. John Blomberg, Project Leader, Ship Positioning,
GEC Electrical Projects, Rugby.

Miss Sue Robertson, Programmer, Automation
Laboratory
The ship rnsitioning project involves the control of a
drilling vessel equipped wlth fore and aft ducted prope. lers
in the face of wind, current, and tidsl forces. Such a vessel
would be used for deep ocean drili'ing and positioning !
within an accuracy of about 7 meters is required to provent
damage to the drill stem. The project is being carricd cut
by Mr. Blomberg on the hybrid computer system of the F . :is
Research Laboratories, Automation Laboratory with the help
o5f Miss Robertson. Successful op2ration with a relatively
simple ship mathematical model has been achieved. I%
should be noted that successful U.S. versions of such

systoms have been in active use for some time.
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DECGCA RADAR LIMITRD

Decen Kadar 15 a major manufacturer of marine radar
systems and engine room analog alarm monitoring and control
systems. They are a very conservative company believing
that ship owners demand a set of very high qualigy Lnetsra
ments and controls which do not push the state of the ari.
They manufacture a full set of 3 and 10 cm marine radars
which are advertised as "anti collisicn" systems but which
depend completely on manual operation. These sets are very
wldely sold. Their principle of operation is explained in
Aphendlix I1I1-2.

Drcca manufactures a full range «f analog alarn monitoring
and control systems for engine rooms from the very simplest

to the most complex EO/UMS system. These are:

I51S 100 - Developed in 1973, the very simplest
of systems where complete manning of the ship
is envisioned.

ISIS 200 - Developed also in 1973, a completely
conventioned analog system inccrporating the
latest in cingle separate loop techniques,

ISIS 300 - Develcped in 1968, a very superior
integrated system employing remcte multiplexing
and some digltal techniques but not a recognized
digital computer as such., Incorporated in many
ED/UMS systems.

ISTS 400 - Decca is prepared to go tc complete
computer systems when demanded by their custimers.
They feel this may be several years away at
present,
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Trosent requirements of customers for the various

systems is predicted by Decca as being as follows:

ISIS 100 . 195
ISIS 200 - 70%
SIS 300 = 108
ISIS 400 . 1%

A specification for the ISIS 300 systems is pres..fod
in Appendix II-3.
The following individuals were contacted at Decc:

Radar Limited:

Mr. C.IL. Taylor, Marketing Director
Mr. J.H. Beattie, Marketing Ceneral Manager

Mr. R. Harris, Marine Automation Sales
Manager (ISTS Systems)

Mr. H.L.A. Fry, Bridge, Navigation and
Radar Product Manager

Decca personnel also discussed with this author f
joint project with the Department of Trade and Indu:
of the B=itish Government on future ship automation. his

project entitled MANAV 1s sponsored 50% by Decca anad

by the Department of Trade and Industry. BoSo was o 1y
participant bu’ has since left tho | jec

This project assumes that the transccoan prople S
be easy to solve and is already being thorcughly stuc’ 3 by

others. They are concentrating on what they call the

"estuarial problem", ie., navigation in fairways of harbors,
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bays, and rivers, and the problem of stopping the vessel
al a position close to the dock. They assume that final
dockling will be done by means of tugs,etc. They are alsc
concentrating on the use of existing charts since they

feel that translation of these to CRT signals is an almost

insurmountable problem.

This project is a very long term one and an early

solution is not contemplated.
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BRITISH SHIP RESEARCH ASSOCIATION

o sk

The British Ship Research Association is a private

research group engaged in research related to the shipping

[ atwing |
e

industry - mainly concentrated in ship building automation
activities. They are supported approximately one third

each by ship builders, ship owners, and the Department of

 Bene R s

Trade and Industry of the British Government. Individuals

contacted there were:

e —

Dr. R. Hurst, Director of Research

Mr. Michael N, Parker, Head, Computer Divisicn
Mr. John E. Chadbund, Head, Production Divic

Mr. Gecrge R. Snalth, Head, Marine Systems | s
Mr, Edward Harding, Computation Engineer

Mr. James Morrison, Marine Engineer

Mr. John Fellows, Economist

Appendix TI-4 presents a review of the work of B2 and
a set of organizational charts.

The most important project of BSRA in light of «
present project is their study of "An Automated Ship Having
a Minimum Crew". This project was furided for a seven ronth
feasibility study by the Department of Trade and Indusiry.
A report is due in mid Fall, 1972. It will probably
for a demonstration study on an actual ship. The prop sal
which resulted in the actual funding for this project

presented in Appendix TI-5. 19

o
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NORCONTROL

Norcontrol 1s the major Norweglian company in the
ship automation field and a world leader in the productisn
f computerized, radar-based, anticollision systems., Personnel
of thls company were respcnsible for the successful conclusion
of the M/S TAIMYR Project in 1969 which vStablished radar

based anti-collision systems as a viable ship automation

1 omponent, At present they have approximately 0% ¢f the
l ‘e world market on these systems, Appendix II-6 presents a
1 review of their present product line in the ship automation
e figdd, fneluding both digital computer based and conventional
systems.
1
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APPENDIX TIT-1

CAPABTLITIES OF THE GEC-ELLIOTT
MITOMATTON TLIMITED IN THE SHIP CONTROL FIELD

d
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GEC-EIIiott Process Automation Limited

Huad O !
New Parks, Leiceste 3 1UF 7
Teleph 0833 R71371 1 X 16 ?
Cable Ay ‘ 1 i - ]
&
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GEC Elhott Process Automation Linited s

capable  of supplying  through its manne

systems division comprehensive systems and

consultancy services covenng the following
Control of main engine speed and ditection
of conventional diesel systems for the
normal range of vessels, ¢qg. cargo liners
OBO  camers, refugerated  cargo  ships
small  coastal  tankers, ING  and | PG
Carmees

Control of mam engine speed and direction
of steam tbine dnven vessels such as the
very large crude ol carners and contamer

ssels

Automatic. control of man and auxiliry
cngine services whether diesel or steam

Automatic control of generaing plant

Cargo space temperature and refugeration
mactinery momtonng and control

Automatic. watchkeeping

Supply of complete bridge and  contro!
room consoles, ete

The growmg trend towards standardisation
m the shipping industry has resulted in cost
stabilisation and greater ease of maintenance
due to the employment of engine room statf
on a day work basis in accordance with UMS
classification Additional advantages stem
from increased automation quite apart from
the potential savings in manpower there s
more consistent operation and continuous
supervision of plant which can lead to longer
machinery hfe and o significant decrease in
costly shutdowns

A logical  development  from  equipment
standardisation s the  ‘package  approach
with o cngle manufarturer  assurming e
sponsibility for the design and supply  of
comprehensive systems

The advantages o such a concept are two
fold  For the shipbuilder, the reduction in
time, paperwork and cost can be significant
while dealing with a single supphlicr for o wide
range of equipment reduces complication and
duphcaton of cffort.  For the shipowner
when the ship has gone into service, main
tenance and repan problems can be greatly
reduced

T, e i o et i

To sum up, the advantages of the package
dieal e
® The customer s reheved of desian
problems
® Equipment  and  systems  are more
etheient
® The spares situation is improved by
standardisation of parts

® Complications in after sales  service 4
spares  and - maintenance  are  reduced

because the customer deals with only one

manufacturer

The manne systems division of GEC Efhott

Process Automation epresents the con 1
solidation of the manne automation activities erigi : i : A |
of the GEC, English Electne, AElI and Elhon ;""'iu' . Thus % ." ; L
Group of campames A tremendous range . »1, i -

of company manufactured  equipment s
avallable including manne supervisory and
control systems both electronic and pneu
matic, diesel engines for manne propulcion




and auxihary duties, motor control gear
motors  altermators ) electrical equip
ment  diesel amd turbo o electrics . turbines
commumications and navigational aids; and
complete manne automation systems  This
wide manufacturng capahility means that the
integrated package approach to contracts in
in the shipping 1industry can be undertaken,

Main Engine Control Systems

A low cost pneumatic system specifically

dosigned tor the manne industry otters high

accuracy comgonornts with few or no

moving pants A wide choice of bndge

systems s avallable to suit operational

raquiremants It s of modular concept and

each item s completoly piped wirad and

tested prior 1o despatch

In this GEC svstem the logic control section

18 pneumatic, a feature common to all trans.

mission systanis offered  They ae avalable in

dit'erent torms to suit varying operational

req urements

The company also offers alternative types of

bidge control equipments ncluding  ele

tronic systems and systems tadomed to sunt

particular engine and operating needs

Each overall system, may readily be broken

down mto the following sub sections, each
ne requinng caretul consideration ¥ the
N0l system s to operate with maximum

efficiency

1 Signal trunsmussion between bridge and

engine contral position
2 Logic control system
3 Indin fual propulsian plant requiements

Automatic Watchkeeping

Automatic watc hkeeping systems offared are
hasad upon compact stored programme com
puters  Tha use of computers provides a
Hiexhility and sophistication which enables
the system to be easilly adaptod to suit any
marine apphcation or 1o ba expanded to
providhe greater automation

Ll

+
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The automatic watchkeeping system pros fes
the following major advaniages integrated
INto one compact syste
Comprehensive aiarm coverage
Time adentihed records of all abnormal
nditions N the engine room and carg
spaces
Monitoing of main engines auxiliaiies and
elactricel systems without the need for
large and complicated instrument panels
Printed records of manoeuvras
Computation facil'ties tor importent pira-
meters
Production of engine room log
Trend 1ecording
Simple adjustment of alarm limits

Instantaneous digntal display of any selected
vanable

Information from the ship s plant 1s gathered
by the watchkeeper system in two basic
forms. analogue signals such as tempera-
tures or pressures, and state signals from
ontact closures on machmery  Monitoring
)f analogue sources ensures that any rapid
detenoration can be forestalled.  When an
analogue point exceeds its detned hmits or
A digital point s activated by a fault the
alarm system will indicate the faulty point
while a typewnter will print out all relevant
data  The state of any point can also be
indicated on demand

The watchkeeping system s housed n a
compact cut clo, while the operators contiol
paneal s located on the main console together
with the output typewrnteis. The equipment
18 designed to operete under the extremes of
environmental conditions encountered et sea
and conforms to the specifications of the
marine classification societias

Other Systems
In addition ta computer based automat

watchkeeping, the company dlso supphus
conventional systerms for remote and auto
nate cantrol ot machinery. coraprehensive
trumentation and alarm systems
GEC Elrott Pcocess Automation Linated can
supply mplete systems for any mame
applicatior rdinat.ng the manutactunng
apahihties of some of the foremost names
1 the sphare of mann jurpment

All equipment 1s constructed to withstand
the rngorous environmental conditions en-
countered at sea and i1s designed to meet
the stungent requirements of marine classi
fication societies

3 The GEC Elliott Process Automation Linuted
MARCH 2112 computer based automatic waltch
keener successfully completed tests to gamn
approval by Llovds Reqister of Shipprng, the
American Bureau ot Stipping and Bureau
Veritas One of the test programmes requied for
the approval of manne equipment ncludes
100 hours operstion umnder dry heat condiions
at un to 0 C, humidity and temperature cychng

to - 10 (
4 42 vl tanker budt by Odense Steel
yara Lt ame 1y commercial service
afy in 149¢ trs fitted with GEC Elliott Process
Autamat.on  Lunted  enqine room automation
o ntrol equipment

The punt out of all events 1s presented on

ne of the two rypewrtters 1 the watchkeepmng

system console ol the MV “Glen Avan supphed
by GEC- Ethotr Process Automation Lrmited
mimedialely above the typewiters are complel
fent/fication lists of the analogue and state

Is [s the vessel The system control panel

the riyht
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GEC-Elliott Electri
Limited

GEC Lot Electineal Projects Linntind serves
warld maustry by designing supplying and
Lommissiomng comprehensiva eloctneal sys
terns and associated control schemes tallored
to meet tho exacting requarrements of many
indnsties The Manne Drves Gronp of The
Electocal Piojects Company offers 1o the
manneindustry the combined expertse of the
furmer English Electne, AEI and GEC manne
anits, hacked by the considerable research
and production resources of the present GEC
and the know how of GEC Elliott Automn
tanan the field of computer technotagy

the Manne Dnves Group praduaces fully
engineered ‘project’ systems for its customenrs
andalso provides a very useful single contact
and centre of responstbility for those con

tracts where integiation of individual products
1s desitable. In particular, it s responsible for
Al forms of electie prosulsion and spuecial
dnve systems, including shaft-driven genera

tars.  pulse  generators,  winch  schemes,
diedaing plants, floating cranes, o1l dnlhing
equipment,  floating  docks, Ingh-voltage
marme systems and all naval work, Its spares
andservice section provides the  back-up
requined to mantain the equipment through

ont 11s workmg hfe

Electric Propulsion

Scores ol diesel electie, turbo electne and
Qas tutho electne shr propalsion systems
bave: heen sapplied by the companies now
within the GEC gronp, same dating from the
wanly part of the present centary. Some recent
coamples are the Antarcti supply  vessel
RRS ‘Bransheld’, wich has o 5000 shp
single-screw twin engine diesel clectne pro
pnlsion system which cian be vemotely con
tolled from the mast head “coniing’ position
as wrdl as iom the navigating hndge
Recently commissiooed 1s the 3400 shp
twin-screw suction dredger “Sir Thomas Hiley”
whrehis operated in Austialia by the Brshan

cal Projects

Department of Harhaors and Manne  This
vesselis cquipped with thiee diesel generdators
connected in o constant cuent loap which
supplies the two mopulsion motors, two
suction pumps et pump and how thiuster
The "Willem  Heckroodt' and Damie  du
Plessis” e two 2270 shp twin screw fire
hghting tugs, each powered by three diesel
generators - which  provide  the  clectnical
supply to the propulsion motors and fire
pumps, atlising a modified Wad Leonmd
control system. Ao example of steam turbo
electue dnve 1s the 20 500 shp twin-sciew
lerry "Rangatra’, built to operate bHerween the
north and souith 1stands of New Zealand
where The Union Steam Ship Co npany have
operated clectrically propelled fermies since
1931

The expenence of the Manne Drives G up
indicates that a case exists for the 1ncren ing
use of gas-turbo electrc propulsion in th
immediate future. This form of dive reqguires
mimmal maintenance, and o figure ot 10 00
running hours between major overhaals can
confidently be expected

Electne propulsion is often utilised where
extra dlexibilty of control (s requicd, o
typical example bheing the fishenes research
vessel being supplied to the Department of
Agriculture and Fisheries ol Scotland. This
1S 0 2000 shp single-screw diesel electn
vessel a0 which the generator sets are
mounted on a special mft equipped with
flexable mountimgs which solate vibration
from the ship's hull

High Voltage Systems

The Maine Dnves Group has ploneered the
apphcation of high voltage electnical supphes
to manne work, and has considerablo ex-
perience 1in this ficld. Examples include the
two B P tankers ‘'Bnush Adnwal’ and
‘Argassy’, the Cuonard prestige liner "‘Queen

Head OHice

Boughton Road. Rugby Wawick < e
Telephone 0788 2144

Telex: 311335

Telegrams . Projetect’ Rugby

Ezheth 2 and,  mare  recently,  two
18 900 tdw praduct CGuners lanlt hy Cannnell
Land at Bokenhead for the Esso Potroleam
Company Limited One o} the main factons
intluencing the selection of o 3 3 kV systen
tor these two vessels was the considerabls
Saving in space and cost achieved by the ose
ol vacoum contactors on the nwim switch

fioard The generating equipment of each of
these ships comprises two 24 MW, 3 3 KV
brushless alternatirs which are shalt drven
ham the main propuatsian gearhox, and two
aoxiliny  desel-doven 525 KW 440V
qenentorns The 33 kV switchboard o

cquipped with air circnt hreakers for cont

ol the altemators and vacuom contactor

staters for the four 750 hp cigo pump
motors and two 600 hp transverse thiast
rmofe

P The connol woom of the Antarctic

vesse/ RRS. ‘Branstetd haowing RN
mamn control cons wd (ughty 1
switehhoard

2 An engmeenny ratng the st /
REA “Lyness’ a Royal Navy ipply st

Roval Navarvesels squmped with GEC e
systems include Atk Rnyal’. County and [ ear
lass frigates. nuclear subima and the K
Yacht Britannm’

3 Dust covers ¢ ved fram a 100 evte
cabinet —type exchange mstalled on the Ona
Other well known passenger hiners fitted

GEC telephone systems include the Canbewry
‘Nnethern Star', Southern )

and he
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Off-Shore Platforms

The Marne Drives Group has accumulated
considerable expenence in electrical equip-
ment for off-shore drlling One equipment
has been in continuous operation for nearly
twenty years, and has given complete satis-
facton  More recently, equipment was
supphed for the B P. Rig Sea Ouest’, which
has been used uxtensively for drilling in the
North Sea Such equipments were formerly of
the Ward Leonard type, often used in con
junction with amphdynes to provide special
control charactenstics, but the development
of thyristor control has now reached a stage
where these solid-state devices can ba used
with co nplete confidence for off-shore work

Thyristors

Since thynstors were first introduced in 1963,
GEC has been in the forefront of the
development and application of all types of
drives on land and sea, and has supplied
equipments to control drives up to 7000 hp.
A recent example is the 7000 ton tanker
‘Port Tudy’ which utilises thynstors to
supply d c. to the electric dnives to the cargo
pumps These have been in successful
operation since early 1970, and a sister ship
with similar equipment entered service late in
197

Computers

The expenence of GEC-Elliott Electnical
Projects Limited in the application of digital
computers to the on line control of major in
dustrial installations is currently being utilised
in the marine field, where considerable offort

1S being devoted to the developnient of autc-
matic equipment for the dynamic pousitioning,
or station-keeping, of vessels, by means of
on-line computer control

GEC 1s one of the world's foremost suppliers
of electncal drive systems for all types of
cranes; this expertise 18 particularly strong
in the freld of container cranes, and 1s linked
with therr marine experience in a com-
prehensive capability for equipping floating
cranes.

Telephones

For fhfty years GEC has heen installing
telephone systems in every type of vessel
the experience of half a century that enahles
GEC--Elhott Electrical Projects to design com
munication systems for ships of any size
type. Standard cabinet-type automatic ex
changes are available for 25, 50 or multiples
of 100 extensions. Alternatively exchanges
with unlimited capacity, automatic or manual.
can be custom-built for the largest cruise
liner.

Ships’ exchanges can be connected to the
public telephone service via the radio room.
or hy shore lines when in port. Other facilities
include executive right-of-way which allows
designated officers to break into established
calls, fire alarm and emergency calling, and
connexion to public address systems. In the
event of a power failure the telephone
systams can be arranged to operata from the
ship’s emergency power supply A complete
service 1s provided from the original systerm
planning and design to nstallation and
regular servicing.

4 The 7000 torn oil-tanke: "Port Tudy' whick
utiises thyristors 1o supply oc. to the electric
drives to the cargo pumps

5 The 2270 shp diesel-elect:
Willem Heckroodt’

§ Ihe 5000 shp diesel viect
supply vessel RR S 'Branshieid

7 The B P dulling rig Sea Quest’ 1s equipped
with electucal generating plant  duves and
ommunications equipment supphed by the
Electricar Projects Merine Drves Group

hire hightng tug

Antarct
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GEC-Elliott Process Instruments Limited

Elac:tronic Waight and Force
Maasureamant

GEC Elhort etectronn. weaglung eguipment
s widely used m both Lindbased iadustnes
amd o manne applicattons iIn addition 1o
sttaightiniward waighing 1t 1s employed on
ships particularly for measurement of pro
pulsion thiust and cable tension

The egquipment cimploys electncal load cells
INCOrPOEAtING  esistive st gauge tians
ducers which permnt accuwacies and tepeat
abiines of hetter than 01 per cent ovel
ranges from a few pounds to thousands ol

tons A dlexible system of electiomic instru-
mentation modales meets the most complex
regquinement, with remote transmission and

mdication, recording. control and computaer
interface Jacibties availiblu 4 needed

An impoitant applicatian that becomes
creasingly signiicant as the s.oas of vessels
i rease, particulaoly with tarden s oad hutk
tanens, s prapulsive castmment
Thns provides valoable data to the mann
enginece gad acchitect, and s a uselul toul
mn operating the vessel a: its aptimum pomt
on the speed fitet cnst cuive Such systems
have been aastalled on, amang others, the
Esso Nonthumbria  the largest vessel eved
budt m the United Kingdom  and her stster
ship  Typcally. hetween twelve and twenty
loud cells are mounted in a circular mray at
thee thrust block of the propellne shadt and
wive, thiough then assnciated electronics, o
tonhinunus and daect measure of the pro

lorcae

sabuve: foee measured ot the prant whiae
that thuost s taned  This direct measune
ent easures the tighest aceuracy. con

peorred with any interental techmgque

i I h o pidinig ol o"f
v e trate ol s for caty

les fast
trihutron
A I8 ntat / e /i
sheear Fo v 1 e g

nents and

Auathor magor appheation s on aubitnae
cabln laying ships, monitonng cabile tension
to puevent damago or fractoe, whether m
Liyimg new cables o in hifting existing cables
locinsprction or repanr. - Since the first such
system was installed aboard the cableship
Mercury” in 1955, similar equipment has
been supplied for many other vessels

Again, measurement 1s direct. with a special
ng mounted at the pay out station in the
bows, hut without mteifenng 1 any way
with the cable laying operation

Simtlar techniques are applied to other cable
tension measurements- to prevent loss of
scientfic  apparatus  wailled from  oceano

Head Otfice .

Century Works, Lewisham, London SE13 7LN
Telephone. 01-692 1271 Telex 22469
Tolegrams * 'Elllotauto’ London SE13

logial survey ships, to measie tawt e
tensionn as o precantion aganist net bk
on fishing hoats, 1o test or montor thg te
line stiain, and to ensure that mooring « abl
are not excessively loaded

General manne applications  of  electron
weighing include carge  weigh  plattorms,
and foad cells built into winches and cranes
for logging purposes and to ensure that safe
loads are not exceeded  On dredge nd

hallast vessels, belt weighers are used both
1o achieve sale distubution of the cargo and
for delivery of known quantities of matenal

A novel instal’ation on the tunge of manne
technology 1s a system built lor weighing




Foverciob - By supporting the cratt an laad
cells, the makers were able to determine:
peecisely the centie of gravity and to test
balance  both staticatly and  with Iifting
thiust

Ship Safe Load Calcuiator

The GEC-Ellott stap safe loading calculator
nrovides o quick and accufate means of
deternin ng the optimum distnbution of cargo
within the vaininus holds, to achieve conect
trim and to minimize stress on the hull It
altnuinate s laboaous  manual  calculation,
which may senously detay loading and hence
extend the vessel's tuin jound time, and
enables deck officers tn check a proposed
toard ehistehution within twa or theee minutes.

Each calculatoe s built to specification for a
paticular ship and a diagram ot the ship
mctuching atl cargo tanks or halds, s engraved
on the frant panel, with loading  dials
mounted 0 there appinpriate positions The
atierastor simply dials o the proposed laad tar
vach ho ot and the unit antamaticatly carmos
ont the reguned calculations . Dram type
andicators with Iong scales far gasy and
accurate reading, continuonsly display hoth
trrm and disptacement Multiposition switches
then enable the opeaatoe to 1ead out the
resulting shear torces and hending moments
at vannus pomnts along the hull, the esub's
being displayed on a thed drum indrcator.

BM and SF are autamatically presented as
A parcentage ol the maxomum  oermissihle
value at the point selected  Red and green
bands oo the scale thus show imniediately
whether the conditon s safe, without
refecence to tables  Smce by defimtion the
peak shear forces  and  peak  bending
maments ¢annot occur simultaneousty  at
the same pastions, the calcufator piovides
readout po nts at caretully selected positions
where the muximum toices are most hikely
to aase

The calcukitar eospon't
changes mompot and the (esnlts are con
tnnously upiated  The operator €an thare
tote see at a glance whether his redrstr
bution of cargo 1s producing a hetter result,

immedintely  to

and so can guickly obtam the best loading
pattern oe sate and profitable operation.

The instrument has been approved by Lloyds
and other major international classiication
societies, producing results  accurate 1o
within 2 per cent Jor shear lorce and
3 per cent for bending moment. Tam can
he read within 25 mm and diaught
resolved to hetter than 1 per cent

An 1impoitant optional feature of the GEC
Flliott instrument, not avalable on other
loadmg calculators, 1s particularly signiticant
tor owners of tankers and bulk carners.,
This additional facility provides automatic
calculatron and compensation for the “hulk
head etfect” the tianster of foices fiom the
hull y internal stiuctures that resuits from
alternate hold loading patterns

Other special featares of the calculator in-
clude a "hathour” switch that modilies SF and
BM results tor still water conditions allowing
qeeater flexibilty in calculating the sequence
of loadmg, o a ‘ballast’ mode thit auto-
matically mcorpoiates the higher BM values
Allowed by Lloyds 1ar bulk caners in Dhallast,
A ‘stain’ facihity enables a previous load con-
dition 1o he instantly recalled for compaiison

puiposes  Provision is also made for actual
deflection, ' nmullimeties  (or inches i
requied), to Dhe displayed on the BM

mdicator.

The instrument 1s strctly a calculator, which
employs electronic analogue techniques 1o
simulate the elfects ol vaious loading con-
ditions. It therefore does not iequite con
nection to the ship's hull, but operates solely
from a 110/230 V, 40-60 Hz supply.

The calculator incorpoiates a set of test
loading  conditions  which  enables the
operator to check that every part cf the
instrument is 1n pioper order, hetore making
calculations.  The test 1outine takes only a
few minutes.

General Marine Instruments

In addtion to the safe loadmag ¢ aleulatoc and
the electronic weight and force measuring
equipment descubed here, GEC Ellott Pio-

3 Esso Northumbria'

(Photo Esso Potroleum ( onpany Linnted)

cess Instruments markets a wide vanety of
othee manne instroments of hoth general
commercral  type,  approved by Loyds'
Reqister of Shipping. and Admualty Pattein,
These include  certain components  afso
mcomorated in the manne  automatian
systems constiucted by GEC Elliott Piocess
Automation

Among these insteuments are the Barton
and. Moare product ranaes of pneumatic
nstrumentation,  widely employed in, for
example, control of tlow pressure, level and
other parameters associated with engine and
hiidge  systems on  merchant ships  The
Adnuralty Pattern pneumatc instrumentation
and cantral equipment, providing  broadly
smular tonctions It to more  stemgent
specithcations, includes  valve pasoners,
multifunction calculating ielays, contiollers,
peessure regulators, temperature and pressure
transmitters,  differential pressiie nistro
ments, motion transomtters, and accessornes
snuch as air filters for use with these units.

GEC-Elott instramentation 1s alsa maoch
used in momitonng conditions i both normal
cago spaces and n relagetated pradoce
holds  Such equipment is commonly hased
on o mdicating  controller recorder with
plati esistance thir eters A very wide
tange of Dynamaster patentiometac mste
ments s svaillable tn meet vintually aay such
reqguicement, an - accardance  with Lloyds'
reguirements

Instattation and Maintenance Services

As well as supply of mstiuments, the com
pany operates two speciahst diviscons pro
viding a comprehensive mstallation, mam
tenance and repair seivice tor insteamentation
and contiol equipment  These units uneder -
take hoth regular and emergency cnntracts
and ean supply tramed statf or undedake the
voruitnent and  taning  of personnged  on
behal€ the clent ! ol thess
Pvisions are avarlal! hip hanlder
oc operator and e § nditremal on thee
puectigse ot hane e fom the  pacent
company
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GEC-Elliott Industrial Controls Limited

Head Office
Kidsgrove, Stoke-on-Trent, ST7 1TW

This company combines the industrial con-
trol activities of GEC, English Electric and
AEl. Electronic and electromechanical pro
ducts for marine application range from main
propulsion control eguipments to small
motor starters.

Main Propulsion Controls

The company designs and maaufactures
control equipment for any form of marine
electric drive including main propulsion,
dredger drive and bow thrust. The photo-
graph shows final tests being carried out at
Rugby works on the engine room control
desk a:id main propulsion control cubicle for
the twin screw, 9000 ton, 20 500 shp sea-
going turbo-clectric ferry ‘Rangatira’.

L.T and H.T. Multimotor Control
Centrew

The GEC-Elliott Mark V range of fully metric
multt motor control centres are modular in
concept, and very compact in design. A
special ‘manne high’ version is available with
a maximum height of 1979 mm as opposed 1o
the ‘industnal high’ of 2335 mm  Designed
10 class 3C of BS 4070,/1966 and IEC 168 1,
the Mark V centres can be supplied with a tull
range of starters and feeders.  The busbar
system is rated up to 300G A, with a 31 MVA
fault-rating A recent order covered two
Mark V centies for each of 24 fast carqgo
hiners for Brazil's merchant fleet

For applicatinns requinng fully withdrawable
startars, the Company manufactures also the
Tvpe MMC1000 motor control  centre
Amongst ships recently fitted are the Shell
Tankurs ‘Mactea” and “Murex’, and the sea
qomng ferry ‘Rangatira’ The equipment 15
avatlable for 2 50 MVYA fault level

High tension applications are at present com-
paratively rare in the marine field, but in
dications are that this 1s beconming more
acceptable because of sconomic advantages
The GEC-Elliont HMCA400 33 kV vacuum
contactor control centres are very compact |
up to four 1300 hp starters occupy a cubicle
measuring only 762 mm wide by 2286 mm
high. The use of GEC Elott vacuum con
tactors ensures a very high degree of
rehability and provides over 2 000 000 full
load operations without contact mam-
tenance. HMC400-W equipment has re-
cently been supplied for the Esso tankers
built by Cammell Laird

L.V. Motor Starters

A complete range of ac. standard hand
operated and automatic motor starters in
industrial enclosure is available from 1 hp
up to the largest siz s required. The range
includes a series of starters in special marine
enclosu e

Adjustable speed d.c. thyristor drives

The ‘Emotrol’ series of standard thyristor
controlled adjustable speed dc. drives 1s
available from 1/4 hp to 600 hp.  Fully
modular construction s used 1o ensure
maximum flexibility together with simplified
servicing, and the equipments are offered
with an exceptionally wide range of extra
facilities— at an exceptionally low cost.

Static Exciters and Automatic Voltage
Regulators

The use of static AVR's and static exciter/AVR
systems has been a feature of GEC and AEl
development since the 1950°s. There are over
400 merchant ships in service equipped with
the company's static regulating systenms.
These include ‘Queen Elizabeth 2', and may
of the largest super tankers now at sea.

Generator Automatic Load Control
Systems

The standard GEC-Eiliott automatic syn
chroniser, load sharing and master frequency
control units are designed to cover many
different applications ranging from main-
taining a steady load on one diesel generator
operating in  parallel with shaft-driven
generators, to fully automatic load demand
control of multiple machines

Static Inverters
GEC Elliott Industrial Controls manufacture

Telephone: 07816 2511 Telex: 36293/4
Cables. “Enelectico’” Stoke-on-Trent

thiee categories of inverters for marine

applications - —

General purpose
equipment from
or 220 V.

Standby : For protecting
against supply failure.

No-break: For provision of quéranteed
power supply to essential instrumentation
on-hoard computers, and other sophist
cated electronic and electrical equipment
with complete continuity in the event of
power supply failure

driven
110V

For operating ac
ships d.c. maimns

important  plant

1 Main propulsion controf for t! 1500
T.E V. ‘Rangatira’ on linal test at Rughy works
2 Mark V multi-motor control centre
u‘/‘r::’u;.n’/y for manne applications
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i 3 MARINE SYSTIMS DIVISION

RANGE OF ELECTRONIC MONITORING & CONTROL_EQUIPMENT

e

GIC=Elliott Procces Autorntion Limited - Marine Systems Division
are able to offer a comprehensive range of monitoring and control
equipment from a straightforward alarm system through to sophisticated
computer based control systcus.

A1l the equipment is in "modular" form which meane that extra f
facilities can be added by plugping in extra modules, unwanted
facilities can be left out to reduce costs, and repairs can be quickly
carried out. The design is solid state throughout with maxisnm use
being made of integrated circuits, and printed circuits.

The range consiste of the following:—

t 1. ALAIM ANNUNCIATOR SYSTEM

This is a non-scanning systen for monitoring conditions on the
ships machinery. Inputse must be from contacts e.g. pressure and
level switches. When an alamm condition is detected, visual and
audible alarms are generated.

The system offers the following facilities:-

(1) Initiation from normally closed or normally open contacts.
(2) Detection of fleeting alarms.

(3) Delayed initiation of vlarms - partioulorly useful for

avoiding spurious alarms from level switches due to ship's
movement,

(4) Generation and inhibition of group alarme,
(5) Print out of alarms on a "strip" printer,

(6) Calling system to relay alarms to the bridge and accormodation
for UMS requirements.

Items (3) to (6) are optional and can be left out if not required.

2, LOGIC SEQUENCING SYSTIM

] These systems are for such applications as generator control, pump
sontrol, burner managcmuent, in fact any process requiring logical
decisions and sequencing.

The equipment used is the MANCI 4 Prograrmable Logic Controller (PLC)
and the MARCH 4 range of Input/Output units,
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The following facilities can be provided:--
Logical decisions.

Timing and sequencing.

—
()

Counting.

~—
0o

—
L

Comparison of values with fixed 1imit or variable setpoint
values,

(6) Outputting of control signals,

3. COMPUTELR BASED SYSTEMS

These cover the more sophisticated applications such as:-

(1) Data logging and manoeuvring recording.

(2

— ey ony o O G W0

Efficiency calculations.

)
1. (3) Calculations of hull loading.
(4) Control functions such as boiler and generator oontrol,
I (5) Cargo handling.
I-' (6) Planning of maintenance.
‘ The equipment used in the GLC 2060 mini-computer together with
. the MARCII 4 range of Input/Output units, The 2050 computer is a
{ 1 ]' real time machine desifned for industrial and marine applications.
b The 'T' version is specially toughened for marine and other rough
environments.
' D.R, NEAL/KK

16.6,73.




Advanced Copy 25,5.73,

MARCH 4 Programmable Logic Controller

PLC processor M40-81-00
PLC fixed store No.1 M40-80-00
PLC fixed store No.2 M40-80-01
PL.C Trst/Monitor M40-82-00
PLC bin M41-13.00

resociated Equiprment (Input/Quty at Modules)

Orptal nput — 16 contacts M40-24-00
Digital Input - 16 2lectronic M40-23-00
Digital Output -- 16 power (vsith read in) M40-41-10
D jital Output -~ 16 relay (with reard in) M40-40-20
Secpience Timing nit M40 61-00
Program Writing Unrt (off ling) M40-00-10

The MARCH 4 Programmmable Logic Controller (PLC) is a low
cost asseribly of standard modules which enables industrial
processes and mo hines to be controlled and sequeneed in a
wore: conveniant, flaable and economic way than is possible
wing bard wired rolay or solrd state lagic networks.

The PLC program is held in a plug-in modular PROM store
{Programinsuie Read Onty Memaory) and the proaram is written
by the Process Control Engineer whan specifying his control
systern, The instructions reperioire 15 chosen to enable simple
logic, sequercing and timing, and also nore sophisticated
counting, companison and industrial  duta  handling  type
programs to be efficently and simnply programm(.:d.

PFROGRAM INSTRUCTIONS

Bit fnstruction

Thore are three typas of instructior |, the first type operate on
individual bits of dinital input/output (1/0), and a single bit 8
register witrin the PLC, for example:-

B Inputs a specified 1/0 bit inte the B register,

BOUT  Outputs the contents of the B register to a speci-
ficd 1/0 bit,

AND  Forms the logical AND of the specified 1/0 bit and
the contents of the B register and places the result
in th~ B register.

oR For < the togicsl OR of the spocificd 170 bit and

the contents of the Bregister and places tha result
in the B reqgister,

A.1001-280
Relay Example

These, and other one hit instructions, may be used i1 lagic net
works such as the very simple exampte shown:-

+24V
A

S

Cc

i

The retay D is operated if A and B clase togethar OR i C
clases. Assuming that the PLC's digital inputs come from the
notinally open eontacts A, 8 and C ard thet a PLC digital out
put drives relay D, the required program is simply:-

BIN A
AND 3
OR C
BOUT D

The connections to the PLC are shown telow:-

MARCH 4 INTERFACE

PIC

" DI-16C D0-16RR
o 2 OIGITAL 15PUT DIGITAL QUTPUT
31¢ . '
n o

: | | ||

o

-we AlB|C

6 N

$+24V

|Unlile a corenticnal rolay ncta ork, tha connacticns are
Sindependent of the
Lprogram, Also,

requred, thi Jetermine o Ly tha
vsingle inpot cont e U ey be uged many tine,

Iin the program, wathout the need for it physical repl ation,




PLC OPERATING INSTRUCTIONS ! JONE JUMP the sequence count to the specifivod value, if
Thir follovang are typical of the instructions available, f the contents of the B register equal one,
; JZLRO JUMP the wcquence count to the specitind value, i '
T R - ! the contents of the B register equal zero., |
fIN Input the spacified Bit to the B register ENTER  ENTE Rasubaoutine,ie, jump the sequorns oo
CHIN Input the complement of the speaified Bit to the to the specified value and preserve the o valy
B regidter, | CXIT EXIT from a subroutine, i.e. jump the sequence
BOUT Output the contents of the B register to the . courtt to the value preserved {by the provious
specitied Bit. ENTER mstruction) plus one. |
AND AND the specified Bit and contents ot the B PATCH Jump the sequence count to the next mulugple ;
reaister and place result in B register, of octal 40 less one.,
CAND AND the complement of the specilied bit and the NON-OP  No operation — i.e, jump to next instrcction n
contents of the B register and place result in B sequunce. The addiess port of this instruction is 1
register, not significant but is normally all seros,
OR OR the specified Bit and the contents of the B
register and place result in B register,
COR OR the complement of the specitied bit and the
contents of the B register and place result in B8 - - g
register, S ) el i
pOUYD  Output a one to the specified Bit, / 2
1BOULZ  Output a zcio to the speaified Bit, | “
BOME Set the contents of the B register to one, 0 |
BZ1THO St the vontents of the B register to sero. ‘J i
¥ !
Viord Instructions H
WIN Input the specified Word to the A register, . }
V.OuT Output the speaified Word from the A register, [ :
LOUAL Set B oregister to One f specified input Word ;
equals the contents of the A register, 9
MORE Set B reygister to One f specified input Word s / ,,'.' e :
moare thon the contents of the A register, SGo e %
LLSS Set B register to One if specified input Word is o ,\ ' . ol
less than the contents of the A register, 0 o AP - !
COUNT  Count (i.e. add plus one) in the specified Word. L e e !y
The count is 11 Binery Coded Decimal (B.C.D.) :, 3 o h "
and the result is also placed on the A register. N v "-’.:
WOUITZ  Output a 2ero to the specificd Woird, and clear SHLNN oy ) ;,_s"
the A register, e ey 4. o ! ,’ '
CIA Clear A register, ie, setits contents to zero. ‘ EDEES E T T i ,‘
BESET  Rewt all 1/0 units, Note S, 1, A and B registers . i

atd vanable store are not affected,

Jump Instructions
JUBAR JUMP the sequence count to the specified value.

Program Writing Unit

The information prreented herein is to the bost of our knoviledge true and accurate. No warranty or guarantee express or implied is mafe requiding
the capacity, porformancs or surtability of any product.

Yo are strongly urgsd to ensure that the infurmation given has not been superscded by a more up-to dite version,

Al our preducts and m gternls are sold subject 1n our Conditians of Sale available on request.

GEC - Chi.ott Process Automation Limited
fr 6 Syutmas Phvision

Poowe Pacths Lewcosny 1R TUF England
Pod bovcestor {05750 870431 Telet 29551

Coolos Avsuretert Lieve ster @ 1973 GEC £ Ihott Automation campany

Publication A1001-280 £d A 0673 1000 Printed o England NP/AO

a Gl C FHiott Antoniation company
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\Wword Instruction

The s type of instructions operate on 16 bit words of 1/0
anch the contents ot a 16 bit A register within the PLC, struct:
ions o input or output 3 word, compdre two words for
equality, count in a voord {representing a 16 bit BCD nuinber)
et are included,

The PLC containsan internal 16 word (each of 16 bits) variable
store which may be addressed with either bit or word instruct-
ions. It is used for storing the intermetliate 1esults of Ingical
prograins or termporarily for storing 16 bit data words,

Junmip Instruction

The third type of instiuction enables the program sequence to
be varicd by causing the controller to jump to another point in
the program, including jumping to a sub-routine.

SPoab

The 11 Cowill tepratedly porform programs at speeds which are
typically betacen 1000 and 100 times per second (depending
an the boagth of the progrem), Thus the typical response time

to a chunge of state of aninput contact is between 1mS and
1018,

STANDARD SUP ROUTINES

Suly routines are self contained programs of instructions which
may be entered from inor: than one point in the main program,
Stond ird sub-routines are available for many frequently used
operations, such as tirming, counting and sequencing.

TEST/!AONITOR UNIT

An optioaal Test/NMonitar Unit is available which inay be used  Speed (approximate):

1o vt the PLC's inteng! working or to monitor the states of
any of the digital 1O signals,

PROGRAM WRITING UNIT

An off ine Program Whiting Unit (PWU) is available for per-

mancely wiiting the program inwo the fixedd PROM store via
an of wrator keyboard. Provision is made for modifying the
prodgea ence written, should this be required

1

PHYSIC AL CONSTRUCTION
The 1'1.C consists of a Processor Card, one or optionally two '

Fixcd Srore Cards . and an ontiona! Test/Monitor Card, inounted
in a wt.adord MARCH 4 sice 19° wide 10%" high bin. Pro-
vision 15 rmade lor a Sequence Tuning card and ten other
MARCH 4 1/0 cards in the same bin. This bin together with
the necossary power units and an 1/O terininal field is normally
installod arn a 30" » 427 x 18" wall iounting cubicle or can be
mounted in any other suntable 19" rack assembly.

e’ SLEST

8

_ :

} |
i

! ‘.

:

.

SPECIFICATION
Instruction Code:

Fixed Store:
Type
Word size
Module size
Maximum size
(1 store card)
Maximum size
(2 stoie cards)
Variable Store:
Type
Word size
Size
Input/Output
Word size

Addrass field
size

Ll L E A hast LR LE R

':1
A i e

-

;' HH”
AALLLLEE K
-,

11 Bit Instructions

9 Word instructions

7 Jump instructions
10pS por bit o word wavtruction
?*IS per jurop nsieuction

PROM
1€ bits
32 words

512 words

1024 words

RAM
16 bits (3lso bit addressable)

1H {¢

15 tots leach it s individually
addicssable),

A1 ways (of 16 it words).

Theretfore: the PLE con communicate
with a2 total of /952 wput 1 output
points,

S

P —
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Classification societies approve GEC:-Elliott computer.based

watchkeeper system

A major breakthrough in marine automation
has been achieved by GEC-Elliott Process
Automation Ltd,, of Kid grove, Staffs,
Mhe company's computer-based “"automatic

wit chikeeper system has now been type-
approved by three major classification
sociretie Llovd's Register of Shy pping,

the American Bureau of Shrpping and Bureau
Vig s . According to the manufacturers
the GEC-F1liott system is unijjue in being
approved by these throee major sociecties,

More than 10 gy

ndard computer-based systems
have been orderved from GHC=Elliott and the
Patest 105, 38 ) i the total value of these
cont ract t vhaont § dm,
The latest ler cspecrally interesting
nothat ot has been placed by the Marine
bngine Divicron of Doxf{ord & Sunderl ind Ltd
Lor use on tlhie mpany ' new enpane test
bed, We undaeretand chat yhe oo Lial
application will be mainly for ntrol,
performance calculations and data logging
)t the Noxford-Huwthorn Leslre Seashorse

medium-speed engine (S &4 S R, July 10,
1970) the four-cvlinder py totvpe of which
1 due on trials an the near future.,

APPLICAT1IONS

The Lirst vessel to e cquipped with the
J -t hiott Proce Automation computer-
1sed watchkeeping tem wa the Glen Avon
{ " K, October 192.9), This 800 dwt
Toaelyee \reier ) operated by Bristol City
v County Corporation with a completely un-
manned engineroom,  In service for the past
(0 cars an the ntained waters of the
river Avon and the Drisiol Channel , the Glen
Avon anstallatien h. proved the benefits of

noadvanced marine automat ton
vperated without any marine
board, gaving o 35% redy

system and
cugineers on
rew,

tion 1n

s

ole

Fig.1. Bradge con n o the pioncering
Bristol Corporation veseel Glen Avon in
which the GHO=ELLiott comput er=hased
aatomation system entairely replace

enpganeroom Staff,

The sh:p and all its machinery is easily
controlled from the bridge and all key
parameters, ranging from all manoeuvres,
the operation of main machinery to fire
detection, are monitored and recorded
automatically,

For the White Fish Authority, GEC-Elliott
Process Automation is providing an advanced
computer~-based watchkeeper system for the
St. Jasper, a modern stern freezer trawler
designed from the outset for unmanned
engineroom operation, Over 650 parameters
are monitored via a MARCH 2112 computer,
including 480 digital points and a number
of other functions,

The potential value of automation aboard
relatively small vessels, such as trawlers
is proviug particularly significant because
the high rate of maunoeuvring and stress of
local operations, demands constant
surveillance of engineroom operation,
Automatic systems such as the GEC-Elliott
computer-based automatic watchkeeper system
releases valuable manpower for duties
required to ensure continuity of fish
catching, handling and freezing, The

St. Jasper systems will also be used, in
coutiection with inputs from ancillary
equipment, for ship management functions,
for example, deciding the optimum time to
change fishing grounds by computing the
rate of catch to the time/cost of reaching
more productive fishing grounds,

OVFRSEAS ORDERS

For 34 fast cargo vessels, 3 product
carriers and one OBO vessel now building in
three Brazilian and in two Continental
shipyards, the standard GEC-Elliott MARCH
2112 automatic watchkeeper system is being
installed. Although four types of maii
engines and other differences in the
machinery are involved, this versatile
system ecnables all operational facilities
connected with controls, displays and the
data logging, to be similar on each ship,
providing the various Brazilian owners with
complete flexibility in manning the ships
and minimising training problems. Sixteen
of the 25 ships to be built in Brazil are

to Lloyd's Register rules, the remainder are
to American Bureau of Shipping classification,

More than half of the present Brazilian
contracts for computer-based equipment have
been delivered to the shipyards and four
have been successfully commissioned, the
first having been in operation for more than
nine months,

A class of 10 Polish-built vessels will also
have the standard GFC-Elliott automatic
watchkeeper. The first vessel, the
Amaralina successfully completed her sea
trials off Gdansk last December, Similarly,
the first of three Yugoslav vessels to be
equipped with the system is in service aud
has completed three months initial sea going
duty to obtain Bureau Veritas certification,

.
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PROVEN RELIABILITY

Functional testing of the standard
GFC-Elliott computer-based automatic
watchkeeping #aystem, in both console and
cabinet versions to gain Lloyd's, American
Bureau of Shipping and Bureau Veritae
approval has been carried out at the Dritish
Aircraft Corporation environmental test
facilities at Stevenage, Herts,, FEngland,

The test programme included 100 hours
operation under dry heat conditions at up to
70°C,, vibration, humidity and temperature
cycling down to -10°C., under the supervision
of GEC-FElliott engineers and surveyors from
the three classification societies, Other
tests included operation at angles of tilt,
in each plane, of up to 35°, and a series of
voltage and cycle fluctuations in power
supply.

The equipment completed all these tests
satisfactorily and following the
classification authorities surveyors making
checks on systems test at Kidsgrove, works
inspection prior to despatch, installation
checks and finally sea-going trials, the
GEr-Elliott MARCH 2112 system, as stated,
gained Lloyd's Register type approval and
type approval from the American Bureau of
Shipping, These tests together with the
satisfactory completion of the three months
sea trials on the Irati have also gained the
synstem Bureau Veritas certification,

INCREASING OVFERSFAS APPLICATIONS

Although it is generally conceded that the
process control systems which are generally
known as 'marine automation' were first
introduced on a significant scale in Japan,
1t 18 1nteresting to note that this British
company has made a success of series
marketing of what is by any standard, a
remarkably sophiasticated system, The
melting pot into which the British
electronics industry was thrown a few years
ago appears to have performed a remarkable
refining service albeit at some expense,

It is encouraging to note that the original
Engliash FElectric, AElI, GEC and Elliott
Marine organisations have succesafully
merged and have, as a result, become
stronger in the process,

Fig.:2. A convincing illustration of the extent

to which teste are conducted on
GEC-Elliott Proce Automation equipment
prior t 1 t rety approval,
[EN L oveEnad O equipment i
hown he b e rigorous 100=-h
(g 0 B hich dry heat ndaitions of up
t o b el e al ! perature
cvelaing down t -1 nduct ed,
The GEC=fllrott "marine watchkeepor" is
stated to be the only cquipment of 1ts
type to have sucecessiull ompleted

auch tewts,

Fig. 3. Anather 4l lustration during tests,

This viow hhow another cabinet type
ik, hi (B E: n the test rip for
vibratdoe ¥ It ritishAlrocraft

il ! LR U T ! 1
factlits UL L Ak L

G oo oot e i e
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APPENDIX IT-2

METHOD OFF OPERATION OF ANTICOLLISION

HYSTEM WITH DECCA MARINE RADARS

T
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Anti-Collision display

TT_W J

~True Motion display with Relative Motion markers
~Oft-centring on eight rang. : scales with High Definition picture
~Nine range scales- to 48 n.m. with optional 60 n.m. and

statute mile conversion

~Digital bearing and range markers (50 yd to 60 n.m.)

Three Anti-Collision radars with 18in. displays are available in the Decca solid-state series.

ACIE26A ?cm wavelength 25kW transceiver 6ft. cerial 16in. diameter AC display
| ACI629A scm wavelength 25kW transceiver ?#. cerial «tod8nm. ange
AC -51630A ] 10cm wavelength 30kW transceiver 12#. gerial with off-centring.

The first Decca Anti-Collision radar
wasintrcduced in 1968 and has been
an outstanding success, making
possible in a simple, practical way the
rapid assessment of collision risk, and
closest point of approach on True
Motion.

The well-tried principle remains
unchanged in the new 16in. display
solid-state version, but the unit is of
totally new electronic design.
Solid-state integrated circuits
(micro-circuits) are extensively
employed (5 improve reliability and
provide compactness and stability, and
the modular design of sub-units and
assemblies facilitates maintenance and
permits rapid repair by replacement.
The dispicy may be used for three
ditferent types of radar presentation—

1—Anti-collison presentation.
This shows True and Relative Motion
data simultaneously.

2—True Motion presentation only.

The display will accept single gyro
compass motor both for True Motion
and azimuth stabilization from most

types of commercial transmitting marine
gyro and gyro-magnetic compasses,
and automatic speed input from most
types of commercial bottcm and

towed log. Standard True Motion
speedrange is from 2 to 36 knots.

3—Relative Motion presentation
with optional off-centring

Basic operational features include
provision of nine closely spaced range
srales between 3 n.m.and 48 n.in. (or
optional 60 n.m. or all statute mile
ranges) with fixed range rings at
suitable intervals on all scales and
distances displayed adjacent to the
cathode ray tube. Digital read-out of
measured range and bearing is an
important feature of the display, adding
greatly to ease of use and convenience
for navigational purposes. Important
ancillary unitsavailable a-e the
performance monitor and Flat Plotter.

The principle of the Decca
Anti-Collision radar

Markers can be placed on up to five
echoes representing co'lision risks.

The subsequent moven:ents of the
echoes relative to the markers wi!l show

clearly whether or not any of the
echoes areinfact onacollision course.
If the echo stays on the marker (which
remains at a constantrange and
bearing fromown ship) itison a
collision course if it moves off, it is not.
Itis equally simple to determine
whether it will cross ahead or pass
astern, and to measure the CPA.,

Own ship and the echoes of other
ships are displayed in True Motion. A
full, detailed explanation is on

pages4 and>5.

o . - = o 1




inthe above Motion picture four

TheDecco Anti-Coliision system , g noerto
—Simple both to operate ond interpret sty
—Simultaneous TMand KV & play
—Accurate and immedicte data tells you—

if a shipis on a collision course, the o+ hises ses ot on dienct oalision

I 1 \ courses, the AC markers show clearly
how a ship will pass you, courses, the. rsshow cleary
how the ships are meeting s act forge.scale

= as wbhle | ermore the True
—Proved in service since ‘06? s the most 1 Ve nore. the-

-4

’ .
ccessful nti-collision rcda
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The principle of the Decca AC system

The raw radar presentation of the Decca AC system is True
Motion. In addition, uptofive electronic markers 1in.
(25mm) long can be switched onto the cathode ray tube.

A bright spotatone end of the marker is positioned on an
echo which may represent a collision risk. The marker line
extends inwards towards own ship, remains at the same
range and bearing from own ship and moves across the
display with it

Movement of own ship and other echoes on the screenis
True Motion, showing the actual situation ; movement of

The five Relative Motion markers:
—show if ships are on a collision course

1

Radar presentation is True Motion. The ship
represented here may be on a collision course.

2

Place a Relative Motic:n marker on the echo.

3

The echo moves down the marker towards you on
a constant compass bearing and the ship is
therefore on a collision course.

.. - -

echoes in relation to the bright spot on their markers is
Relative Motion showing collision risk.

Thefive electronic markers are painted on the p.p.i. by an
interscan technique so that the movement and brilliance of
the markers are independent of the radar's mainscan,

Each marker can be supernmposed and moved
independently of the others. The marker controls are
grouped together in a compact control unit mounted on
the pedestal. Controls and indicators (sllustrated opposite)
comprise selector switches for each marker .range,

—tell how ships will pass you

1 I

If the echo moves away from the marker, a shipis
noton a precise collision course.
Ifitmoves off like this it will pass astern,

2 I

Ifit moves off like this, it will cross ahead.

3 I

Join the bright tip of the marker to the echo,
continue the line. Range rings or VRM will give
you exact CPA (Closest Point of Approach) or the
distance the other vessel will pass ahead of you.
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Marker bearing Mabecrange controt

bearing and brilllance controls; and a green window ’ o ey o
dluminated when 3, 6, or 12-mile radar ranges are in use-
the ranges on which the markers can be operated B= —— = == i
To introduce and positron a marker, its marker key switch rs '{ X
pressed down, and the range and bearing controls used to t—rr--—fq W 3
align the marker with the selected echo. The marker IS r
sw tchisthen centred and the marker will now remain .
pointing towards own ship and move across the p.p.i. with !
ownship on a constantrange and beaning. |
Individuat markers may be reposrtioned at any trme. Warning light - Marker Key Switchas {Outet)dral
shows acceptalls \ Moark ft ht control
range scales lor A wntiedg Maothur diapl (Inner) marker
operation W Marker ac Tatsle brihance control
:(u'ndll r') I.l
The True Motion picture What you actually see
continuously ronitors the overall situation on the radar

1

ErJon, crossing or stattonary ships are readily
identified

2

tarly warning is given of course alterations beng
m. .12 by other ships

Approaching Dover with north un display on the
6-mile rang ain The Trae Motion picture clearly
shoas the true Loursr of ail sinps by the afterglow,
and the buoys stationary around the Varne wrecks.
3 Inthe top nicture Relative Motion markers have
The combined effec ts of the navigationa and heas plasia o

tratt.c situations are clearly shown. Safe '

al'2ravonsbyown ipcanbereadily plannec ¥y
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2.1

2.2

2.3

DESISN OBJECTIVES

The three principal design objectives which have been realised in the
development of Decca 1SIS-300 equipment are high reliability, ease of installation
and serviceability. The equipment has been designed specifically for marine
applications, and to operate continuously in the severe environmental conditions of
the ship's engine room.

Reliabilitz.

The most important function of the equipment is automatic supervision
of ships' machinery and cargo. The achievement of very high reliability has
therefore been the main design parameter. The equipment is completely solid-state
in construction, and bosed on silicon logic throughout with maximum utilisation of
integrated circuits. The data processing system is arranged so that possible faults
in the digital sections cannot affect the alarm monitoring function. Signal
scanning and amplification are decentralised to minimise the possibility of complete
system failure. Automatic system integrity checks verify the operation of transducers
and the centrol system at the completion of every scan.

Ease of Installation

Decentralisation of tronsducer signal scanning permits a reduction in
transducer cabling of about 50 per cent in mosi ships, reduces the number of signal
cables entering the control roomto a maximum of six, and facilitates the use of o
Central Processor occupying only eleven cubic feet of control room space. An
alarm display for up to 240 channels needs only one simple coble connecting ir to
the Central Processor.

All plant cable termination arrangements are included in the Decca
units, so that the shipbuilder does not have to provide junction boxes, terminal
strips or other hidden extras. All inter-unit cables are supplied free issue by Dezca,
except the transducer cobles. The mechanical design is bosed on simple bulkhead-
mounting boxes, with panel-mounting alternatives where necessary, arranged so
that only front access is required.

All units are conservatively rated for on ambient temperature of
65°C (150°F) so that an air-conditioned environment is not necessary.

Serviceabilitz

The equipment is very simple to operate ond yields its full benefits
without the need for any specialised knowledge on the part of the operator. The
controls and alarm setpoint adjustment facilities ore simple and robust. Due to
its solid-state design, there is no preventive maintenance to be considered except
typewriter servicing when date logging is included.
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The most important sections of the system are self-checking, and
simple fault-finding routines are set out in the Instruction Manual. Even the
most reliable electronic equipment is subject to failure at some time, and all
ship-borne repairs are carried out by replacement of plug=-in modules. 1515-300
systems are built up from completely standard units, so'that equipments can be
supported by the Decca world service organisation.
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3.0 DATA PROCESSING SYSTEM

This section of the specification describes the basic organisation of
the system with respect to data processing operations. Every 1SIS-300 system is
divided broadly into four departments-primary measurements, signal selection,
1 signal processing and control of the output units. (See Fig. 1).

3.1 Primary Measurements

The plant conditions to be checked or recorded are measured by
transducers of vorious kinds. The term transducer applies to a range of devices
L' which produce electrical signals proportional to measurements such as temperature,
pressure etc. Most transducers develop a change in resistance corresponding to
variations in the primary measurement, which can be evaluated by the signal
processing system. A typical example is *he resistance thermometer. Other
transducers, such as fochogenerators and some ship speed logs, produce a voltage.
In some cases the transducer output is not proportional to the measured value,

and the signal processing department of the system must perform a linearising
action on such signals.

An analogue transducer gives an output which varies continuously
with the magnitude of the measured condition. All analogue transducers provided
with 1S1S-300 systems are arranged to give an output in the range 0-100mV D.C.
The term transducer is also applied to logical or switching devices which only

give a change of output at one or more fixed points. The pressure switch is an
example of a logic transducer.

Transducers supplied with IS1S-300 systems are all either made by
Decca or approved by Decca aofter performance tests have been carried out under
extreme environmental conditions. For further details see Section 5.0.

8.2 Signal Selection

The basic principle of the scanning system is that a number of
transducer signal are evaluated sequential'y by one high-quality <ignal processing
system (the Central Processor). Transducer signals are selected singly for evaluation
by means of solid-state switching networks, which are housed in groups of 20,

40 or 60 in Local Scanners. The transistor switches are operated by signals from
a scan control unit which is regulated by an electronic clock. The scanning
speed is 400 channels per second, and this gives the system a very short response
time to alarm conditions. This feature is not only important for modern highly -
rated machinery, but it also enables the logging system, if fitted, to tabulate

a cascade of faults in the proper chronological order.

During the period of approx 2 milliseconds when a particular transducer
signal is switched to the Central Processor, a code is also transmitted defining the

type of parameter (e.g. temperature) its measurement range, the alarm limits to
be observed and the engineering units to be used.
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Signal Processing

Each transducersignal is passed through its own filter and capacitance
transfer network, the function of which is to reject series and com.nsn mode noise
(interference) thus refining the signal so that it is truly representative of the
measured value. When the signal has been selected. for evaluation it is
amplified to raise the voltage level from 0-100mV to 0-5V.

The first evaluation process is comparison of the signal with high
and low alarm reference levels. This takes first place in the process so that
possible failures in other parts of the signal processing system will not affect the
alarm monitoring facility. The state of eact channel, normal or alarm, is fed il
into a core store memory during the course of each complete scan. At the l
completetion of a scan (every 0.6 seconds) the core store holds in memory the
alarm status of up to 240 channels.

The Mcin Alarm Display contains a window for each alarm channel
in the system. The core store is read every 0.6 seconds and the data is used to
control the window illumination corresponding to those channels in an alarm state.
At the same time the klaxon control unit is uperated. The core store data is
transmitted to the main alarm display in serial form on one simple cable, thus
eliminating hundreds of cable connections, thereby improving reliability. The
alarm monitoring function of the system is therefore completely independent of
digital processes which are concerned with centralised read-out and data logging.

When a measured value is required at the digital display or on the
printer, the transducer signal is referred to an analogue-tc ~digital converter
(A.D.C.), which reproduces the transducer voltage signal in numerical form.
!n subsequent operations, quantities are processed in this digital form where
magnitudes are expressed in binary digits (bits) instead of analogue voltage:.

The digitised transducer signal is referred to a computing unit
which multipliesthe signal by an appropriate constant so that its numerical value

corresponds to engineering units such as Ib/inZ. The computing unit contains
multipliers for each of the transducer measurement ranges in the system's

repertoire. For those transducers which produze non-linear signals, the
computer applies amultiplier which varies with the magnitude of the transducer
signal. Some transducers have offset characteristics, where their readine ot
say, 0 |b/in2 is some value other than 0 volts. The computer may therctore be
called upon to perform addition, multiplication, linearisation and combinations
of all three, changing its routine as each transducer signal is referred to it.

Control of Qutput Units

Visual and audible alarm units are: controlled in a similar manner to
that employed in most simple alarm systems. MNew alarm conditions are announced
by a klaxon and identified by a flashing window in the main alarm display, which
bears thz identity of the channel in alarm. When the alarm ackno..ledge button
is pressed, the klaxon is silenced and the window remains continuously illuminated
until the fault is cleared.




The digito! disploy may be used to indicote the value of any chonnel,
by setting three decode switches to the corresponding channel number. Alarm
limit settings for each channel may olso be shown on the digital display. Where
a typewriter is not employed, o hondwritten log moy be token by simply switching
in the channels required and noting the data presented.

-y o=s e o= NN

The typewriter con be employed to print o routine log of oll or
part of the dato processed by the system. Printer controls consist-of o log
interval selector for, say, 2 and 4~hour intervals, ond a demand-log push button
used to initiote interim logs. Each log entry is time-identified, ond means are
i provided to odjust system time to match ship's time.

Where printers are employed, their full value can be realised by
incorporating olarm history printing. All olorm conditions, together with value
t ond time, are recorded in red on occurance and ogain tn black on clearance.
Alarm dota is recorded in the margin of the log sheet, so thot only one printer
is necessary to provide both routine ond olcrm logging.

In addition to the main alorr: display, there is o group alorm
disploy unit which con be used to give a summary of alorm information at a
remote station, such as the bridge. This unit contains one window for each group
of alarm parometers (e.g. port engine group) ond responds to the olarm status

of the entire group in the same way that main alarm disploy windows respond to
individuol olarm channels,
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4.0 EQUIPMENT CONSTRUCTION

4.1

This section of the specification is concerned with the mechanical
arrangement of the data processing system, and describes the basic construction
of the main units and sub-assemblies.

Local Scanners (See Fig. 2)

Transducer signals are accepted into the system at Local Scanners,
which are available in 20, 40 and 60-way sizes. This arrangement permits the
selection of system capacity in 20-way increments, up to 240 chonnels, with
minimum redundant capacity. Up to six Local Scanners may be used, and these
may be selected in any combination of sizes.

Local Scanners are designed to operate adjacent to machinery, ond
not within the protective environment of a control room. They should therefore
be mounted wherever there are substantial numbers of transducers, thus providing
the maximum benefit in terms of transducer cable reduction. In most ships this
technique will provide a 50 per cent reduction in installed cable costs, compared
to centralised scanning systems,

Local Scanners perform the following electronic functions:-

o) Transducer signal selection

b) Series and common moae noise rejection

c) Signal emplification

d) Transmission of signal to central processor

e) Transmission of high and low alarm references

f) Transmission of channel category code defining measurement

range, units and alarm urgency status.

The 20-way Local Scanner is o bulkhead niounted unit containing
a 20-way input acceptor frame, signal amplifier, scan control and power supply
modules. The 40~ and 60-way Local Scanners are basically similar but contain
one or two extra input acceptor frames respectively, with one signal amplifier
per frame. Each frame consists of a slotted mechanical structure and printed-
circuit back wiring board with 20 edge-connectors corresponding with the slots
in the structure.

Transducer cables are connected to Input Acceptor Modules, which
plug into the printed circuit edge connectors and are secured to the structure by
screws. There is one Input Acceptor Module associated v.ith each transducer,
and thus with each measurement channel in the system. Input Acceptor Modules
incorporate  a transistor switching circuit, filter and capacitonce transfer
noise-rejection circuits, potentiometers for setting of alarm limits, and o 7-bit
diode pattern corresponding to the channel category code,

o —— - -
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40-WAY LOCAL SCANNER, WITH INPUT ACCEPTOR MODULE Fig. 2
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The electronic components are mounted on a printed circuit board,
and protected by an aluminium chassis which also serves as an electrostatic
screen. The chassis forms @ mounting for the alarm limit potentiometers which
are of robust design. The potentiometer spindles have screwdriver slots and
collett lock nuts. When the nut is slackened, the spindle position may be
adjusted. The corresponding alorm value is shown in engineering units on the
digital display at the Central Processor control panel. Communication between
Central Processor and local scanners is by telephone handsets, which plug into
permanent sockets in the units.

Local Scanners are completely standard units, which are customised
simply by the order in which Input Acceptor Modules are plugged into the
fraomes. There are three basic types of Input Acceptor Module - logic (for
switch inputs), analogue with alarm settings, and analogue without alarm settings.
With these three basic modules, up to 24 different measurement ranges can be

accepted.

Decentralisation of scanning has vdditional benefits with respect to
system integrity. The system is arranged so that a possible failure of one Local
Scanner will not affect the operation of others. It is also significant that the
system does not rely on one central signal amplifier, there being one amplifier
for each 20-way input acceptor frame.

Central Processor (See Fig. 3)

The Central Processor cabinet is designed for bulkhead mounting, and
requires access only from the front. All input and output cable terminations are
located at a gland plate in the bottom of the cabinet.

The rear panel is the main structural member and forms a mounting
for the two principal back-wiring printed circuit boards. Local Scanner cables
are connected to terminal modules which plug into the lower back-wiring
board. This board also receives up to six scanse: sub-multiplexer modules
(one per Local Scanner), peak store, alarm comparators, and sub-multiplexer
amplifier modules.

These modules are all of similar construction, in which an
alumin um chassis forms mechanical and electrostatic protection for a printed
circuit board containing the electronic components. Each module is firmly
secured by captive screws, and connects to the back-wiring board via edge
connectors,

The upper back-w " i-.g board receives the entire digital processing
system. The method of construction used here is the cassette system, in which
large printed circuit boards are coupled in pairs within very strong aluminium
frames. When the cassettes are removed for servicing the printed circuit boards
are still mechanically protected in all attitudes by the cassette frames.

S—
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There are five cassettes, one of which is the power supply far the
Central Processor. The other four are colour-coded for servicing purpases, and
each contains two printed circuit boards. These are:-

RED CASSETTE Core store memory
Alarm display drive

BLUE CASSETTE Scan pulse generator
Digital time and printer control logic

GREEN CASSETTE Block address/integrity check logic
Digital computer

YELLOW CASSETTE A.D.C. control and computer interface
Analogue/digital converter,

In view of the very high density of integrated circuits in these
cassettes a gentle flow of air is maintained by two small axial fans located below
the cassettes and arranged to draw air through a filter in the cabinet door.

The upper and lawer back-wiring boards are interconnected by a
further printed circuit board. This method of construction eliminates nearly all
conventiona! wiring.

The control panel accupies the upper part of the Central Processor
and contains controls for the output facilities af the systems (See System Operatian).
This is a standard 19m. wide panel which can be withdrawn for servicing. On
later madels the control panel can be mounted separately in a console. Channel
reference data, including channel number, description, measurement units and
lacal scanner cannection, is cantained in a quick-reference file lacated behind
a hinged flap at the right of the contral panel.

Main Aiarm Display System (See Fig. 4)

The Main Alarm Display System is made up fram any selectian aof
30,40, and 50-way unifs to suit the application. This arrangement permits the
selection of alarm display capacity in 10-way increments, and provides far
logical grouping of alarms in separate units . Main Alarm Display units are
wired in series with a simple cable and any combination of 30, 40, and 50-way
units may be selected, up ta the system maximum of 240 ways.

The 30-way Main Alarm Display unit is available in panel maunting
ar bulkhead mounting form, and consists of three identical 10-way modules and a
power supply. The 40 and 50-way units are basically similar, bt contain one
and two extra modules respectively. The front panel assembly for each madule
consists of a frame cantaining 10 windaws, each window being a plastic film
bearing the legend, sealed between two pieces of acrylic resin. This assembly
can be removed complete, giving access to a printed circuit board containing

’ all logic elements for the module and twin lamps for each window.
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CASSETTE FRAME AND RED CASSETTE Fig. 3b
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Each alarm display unit is provided with two buttons coloured
red and green. The red button is for acceptance of alarms and the green button
tests all lamps in the display system. Where several display units are employed,
the buttons are paralleled so that alarm aceptance and lamp tests may be made at
any of the units,

When required, alarm display units may be provided with alarm
inhibit switches, which permit an operator to switch off alarms associated with
equipment not in service (e.g. standby generator). Inhibit switches are
mounted adjacent to the alarm display windows, and are accompanied by a
warning light which is activated when a channel is inhibited,

For unattended machinery installations, automatic inhibition of
alarm grours can be provided.

Group Alarm Display (See Fig. 5).

The Group Alarm Disolay is basically one 10~way alarm display module
with group alarm logic and a power supply, contained within a panel mounting or
console mounting enclosure. The alarm windows may be supplied with amber
legends on a black background for use on the bridge. Group Alarm Displays are
provided with lamp test buttons, but not alarm acknowledge buttons. Local
audible alarms can however be installed, together with inhibit switches end
warning lights.

Typewriter Unit (See Fig. 6,)

The Typewriter Unit performs two separate functions, alarm event

recording and routine logging. It produces routine logs as required on pre-printed

paper, and records all alarm entries and exits in the margin of the same paper.
The typewriter employed is the IBM Model 731 golfball-head machine, which
has a line length of 102 characters. There are 12 characters per inch, and the
print speed is 15 characters per second.

The Typewriter Unit comprises an alumimium base casting, two
printed circuit modules containing printer drive and storage logic, a power
supply and paper store. The pre-printed stationery is fan-folded in packs of 300.
It is fed through the typewriter by apin feed arrangement, and the printed
log sheets emerge from a slot on the top of the enclosure.

The complete unit provides a dust-free environment for the
typewriter and its ancillaries, and can be bolted to a desk surface. Dato
and power are supplied to the uniton separate cables via plugand socket
connections at the rear of the unit,
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The physical layout of the log format is standardised to provide a
maximum of 20 lines of data, each coiitaining up to 12 channel values. This
standard format is pre-printed for each system with all necessary information
to define each entry position. The length of each line of data may be varied
to provide a logical layout to suit the machinery or cargo installation.

(See Fig. 7.)

At the completion of a routine log, the typewriter head returns
to the margin position to record all alarm events which may occur up to the
time of the next routine log. The number of alarm entries, and therefore
paper consumption, is indeterminate so an automatic paper register is
incorporated. The start of each complete format is identified by a black
spot. When a new log is required paper is automatically advanced through
the typewriter until a photo-electric cell sanses the next black spot onthe
pre-printed stationery. This mechanism ensures that each routine log starts
at the correct position on the log paper.

Dimensions

The apnroximate dimensions of the principal ur.its of the
ISIS 300 range are shown below.

Height Width Depth

Ins. mm Ins. mm Ins. mm
Local Scanner 20-way 43 1090 21 540 10 250
Local Scanner 40-way 43 1090 31.5 800 10 250
Local Scanner 60-way 43 1090 41.5 1050 10 250
Centrcl| Processor 52 1330 31 790 12 305
Main Alarm Display 30-way 25 630 19 490 7.5 190
Main Alarm Display 40-way 25 630 25 630 7.5 190
Main Alarm Display 50-way 25 630 30.5 780 7.5 190
Group Alarm Display 19 490 13.5 340 7.5 195
Typewriter Unit 13 330 20 510 26.5 675
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5.0 TRANSDUCER DETAILS (See Figs. Ba & 8b)

developed especially for use with the Decca 1515-300 system, A wide range
of other proprietary transducers is also supplied, these units having been
tested and approved by Decca laborutories.

5.1 Temperature Range -50°C to +150°C / -58°F to +302°F

The majority of temperatures in this range are measured by means
of the platinum resistance thermometer Type TE, which is designed for insertion
in pipelines and tanks. The sensing element is a 100 ohm platinum wire
resistance element wound on a glass former and encased in a stainless steel
sheath, the element leads being brought to a ceramic terminal block. The
complete insert is mounted in a fabricated stainless steel pocket with a
watertight head and gland. The insert is secured in the pocket by spring-
loaded screws, which absorb vibration. This construction permits the changing
of an insert without the need to empty the pipeline or tank.

1
i
Transducers for pressure and temperature measurements have been i

Standard insertion lengths are 2, 4, 6, and 9 inches, and threads
may be 3 or 3 BSP. Other lengths and thread types can be supplied to suit the
applicction.

Ambient air temperatures are measured by the platinum resistance )
thermometer Type TDA, The sensing element is the same as that used for the 1
Type TE, but is arranged togrotrude from the bottom of a bulkhead-mounting
box. A perforated stainless steel tube provides mechanical protection for the
sensing element, 1

5.2 Temperature Range 0-700°C/32°F to 1292°F

The Type TF platinum resistance thermometer is designed for the
measurement of diesel-engine exhaust gases ana the higher stcam temperatures.

The insert assembly is similar to the Type TE insert except that the element is ]
wound on a ceramic former. The pocket is machined from stainless steel bar
stock fo a tapered form, capable of withstanding the extremes of heat and !

shock which exist in diesel engine exhaust systems.

Standard insertion lengths are 3}, 4, 6, and 9 inches, and threads ]
may be 4 or 3 BSP. Other lengths andthreads can be supplied to suit the application.

5.3 Temperature Range -30°C to +22°C/-22°F t0 71.6°F

The thermometers in this range are designed for the measurement of
temperatures in refrigerated cargo spaces, air ducts and domestic stores. Three
types of thermometer are supplied, each of which employs the same sensing
element, In order to achieve the very accurate temperature measurements
necessary for refrigerated cargoes, a high-sensitivity, high=stability thermistor
element is used. This is formed from a wafer of ceramic material which has a
very high temperature coefficient of resistance, about 10 times that of a
platinum resistance thermometer.
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The type TA thermometer is arranged as a suspension unit for
ca:go spaces, the element being contained in a vulcanised rubber sheat! and
provided with a suitable length of TRS cable.

The Type TBA thermometer is designed for bulkhead mounting and
is similar in mechanical construction to Type TDA for ambient air temperaturc.

The Type TC thermometer is designed for air trunking to and from
containers and other spaces. [t is of similar form to Type TE. Standord insertion
lengths are 4, 6, and 9 inches, and threads may be ¥ or 3 BSP, Other lengths

o

ond thread types can be supplied to suit the application,

Pressure Measurements 0-70 Kg/cmz/O-IOOO lb/in2 *

Pressures are measured by means of semi-conductor strain gauges.
The measuring element is o silicon semi-conductor bridge diffused on to a solid
silicon diaphragm . The diaphragm is incorporated in a stainless sicel pressure
chamber, which receives the process fluid via a small orifice designed ‘o
prevent errors due to pulsation., The strain gauge capsule is contained in o
watertight cast aluminum box together with encopsulated temperoture
compensation circuits and terminal strip, The traniducer is mounted off-line,
on a convenient bulkhead or stanchion. Process fluid is led to the transducer
via 1/8 bore instrument piping and connected at the transducer by means of an
Ermeto coupling. A cock is provided in the pressure line to isolute the ticrsducer
when necessary, and to test the alarm system for low pressure. When necessary
an isolating chamber is also fitted before the transducer to maintoin satisfoctory
operation with heavy fuel oils ete,

Standord Pressure ranges aré as follows:=

Metric - Kg/cm2 _ British - lb/in2
0- 1.76 0-25

0- 7.03 .+ 0-100
0-14,07 0 - 200
0-35.14 0 -500
0-70.3 0~ 1000

Other Measurements

Various other transducers are availeble for measuring diffe:ential
pressures, flows, speeds of revolution, electiicul quantitics and chemical
qualities such as CO,,, pH etc. These are carefully selected to suit coch
application and are extensively tested by Decca laboratories before being
accepled for use with the 1Si5-300 system.

Logic (Switch Action) Transducers

All logic transducers offered with 1515300 systems have bren carefully
evaluated, and because the operation of switching devices cannot be automatically

verified only the most relioble types are used. All have rare metal contects
arranged 10 6pen an alarm, The range includes pressure and level switches
of well proven design.

* Not applicable. A later type is included in thin quotation.
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6.1

6.2

6.3

SYSTEM PERFORMANCE

Accurocz

The accuracy of the system vories accarding to the transducer
mecasurement range. The cambined system plus transducer accuracics are:-

Range - 30°C to +22°C +.1°C between -3°C and +3°C
'_‘_'.25°C over full rarge
) |
Range =50 C to 1150°C '_f.OC over full range
Range 0°C ta 700°C -_fZZC over full range for resistance thermormne:. -«
18 C for thermocauples
Pressure ranges +2% of range static crror,

. (o] o] .
The accuracies far the range =307C ta 422 C are in accordance
with B53273 for measurement of refrigerated cargo temperatures.

Speed of Operation

The system operates an a fixed cycle and achieves the following
speeds of operatian:=

Scan speed 400 channels per second
‘Displuy update time 0.6 scconds

Alarm response time 0.6 seconds maximum

Print-aul speed One channel every 0.6 seconds
System self check Every 0..6 sccands

Transducer check Every 0.6 secands

Enviranmental Perfarmonce

The equipment has been designed to withstand the very severe
environmental canditians which can be met in sh 55 engine rooms. The
environmental tesl programme far 1S15-300 equipment is us follows:-
Temperature  (Ambient)

<0 o : ;

=157C to +65°C - Continuous operatian

Humidity

. . ’ a
12 haurs at RH of 95% with free ambient air temperature of 40°C.
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Vibration
Operational tests in three planes at the following levels of vibration.
0-15 c/sec .06in amplitude
- 15 = 100 ¢/sec 1g acceleration
], 100 - 500 c/sec .5g acceleration
w Vibration endurance test 10 haurs at resanance.
y
Shock

Operational tests in three planes - 10,000 cyles at 5g acceleration.

6.4 Power Supply Variations

i The system is protected from transients and brief interruptions in the
' ship's power supply by a motor alternator which provides 1000c/sec power. The
alarm lamps, Central Processor fans and typewriter inotor operate from 50 or 60
cycles pawer which is supplied by an isclating transformer.

The equipment isdesigned ta operate with power supply variations
of voltage +10% -15% with simultaneous frequency variations of +5¢/sec.

{ ‘ 6.5 integrity Check Routines

The automatic integrity checks carried out at the campletion of
each scan are:-

L

All Local Scanners transmitting

All Input Acceptor modules operating

Alarm comparator accuracy within specificatian
Data system accuracy within specification
Central Processor transmitting to alarm displays

O awN —

Transducers on alarm channels are automatically checked for open or
short-ciruit faults. Power supplies are continuously monitored. The typewriter
paper supply is also checked to prevent possible platten damge.

If o system fault occurs, the audible alarms are sounded cantinuously,
as distinct from the intermittent tones for machinery alarm conditions. First line
fault location is provided by five indicator lamps on the control panel. Twa of
these are red which are normally on, showirg that both 50/60 and 1000c/sec
power supplies are available. Three amber famps marked A, B and C are
illuminated in various combinations to show principal fault conditions, for which
lomp codes are given in the instruction manual. Second lin2 fault location is
carried out by following simple test routines. In some af these routines the digital
display facility shows numerical codes corresponding to fault conditions.
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The test routines aredesigned to isulate faults to plug=in modules,
so that the system can be restored to operation quickly by a marine engineer
using simple tools.

Classification Societies

The regulations and recommendations of all Classifications Societies
have been studied and taken into account in the design of the ISIS-300 system,
Particular care has been taken to meet the requirements for component standards,
enviisnmental performance and system integrity. At present, alarm monitoring
systems are approved by Classification Societies on the basis of technical details
submitted and performance checks after installation.

- e

-
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NOISE REJECTION

The term noise refers to interference voltages which occur mainly
due to the presence of magnetic and electric fields in the areas in which transducers
and transducer cables are situated. These interference voltages may be many
times larger than the the actual signal. The use of screened, twisted-pair cables
provides the first line of defence against noise.

Noise is classified in two forms= Series Mode and Common Mode. An
interference voltage between the two signal lines is called Series Mode noise,
and voltage appearing simultaneously on both lines with respect to earth is
referred toas Common Mode noise.

The true transducer signal is a DC voltage and therefore AC signal
components can be identified as noise. A filter is usced to reject input voltages
of frequency greater than a few cycles per second. The most serious source of
Series Mode noise is the ships mains frequency of 50-60c/sec. In this region the
ISIS system will reject all but 1/40,000 part of the Series Mode interference
voltages. The rejection of noise impraves still further at higher frequencies.

Common Mode noise can often appear as a result of transducer
measuring techniques. For example, a C.M, voltage of 2 ar 3 volts DC frequently
occurs on bridge circuits, This type of standing offset must also be dealt with,
as well as the interference from mains and R,F, transmitters etc.

Common mode noise in the DC to medium frequency range is rejected
by a patented capacitance transfer technique which enables the system to
sample the true signal while common mode voltages are isolated. For higher
frequency C.M, noise, a balanced filter provide: very substeatial attenuation.
The combination of these techniques enable the ISIS syster ro reject all but
one millionth part of the induced Common Mode voltages.

Noise rejection charactersistics are expressed in decibels, where
dB = 20 x log 10 noise/signal ratio. Thus a noise rejz2ction of 1,000,000/1 is
expressed ch)“ x 6.0 = 120dB. It is common when specifying noise performance
to refer only to DC Common Mode noise, but for ships equipment it is essentic!
to consider both Series and Common noise performance from DC to high
frequencies.,

ISIS-300 Noise Rejection performance is:-

Series Mode - 90dB at 50c/sec
123dB at 1000¢/sec

Common Mode 120dB from DC to 10Mc/sec

The noise rejection characteristics of the IS15-300 system are
therefore such that series and common mode interference has negligable affect
on system performance.
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8.0 OPERATION OF SYSTEM (See Fig. 9)

This section of the specification deals with the methods of obtaining
information from the various output facilities, and the setting of alarm limits.
These notes should be studied in conjunction with Fig. 9, which illustrates the
control panel of the Central Processor.

8.1 Channel Reference Numbers

A complete list of channel reference numbers is contained on an
index which is stored behind a hinged flap at the right of the control panel.
Each entry shows the chunnel number, measurement description, engineering
units employed and the local scanner frame position to which the transducer is
connected.

8.2 Dlglfal Disglaz

The digital display consists of eight numerical indicator iubes
mounted in line. It is controlled by three channel selector switches and two
display mode switches, and is used to indicate channel value, alarm limits,
time and test codes. These readings are obtained in the following manner:-

i+ Channel Value . With display mode switches set to "Data" and "Normal",
select channel number on channel selector switches. The selected channel number
will be repeated on the first three tubes, and its value will be shown in engineering
units on the other five tubes (4 digits and - sign when appropriate). Fig. 7

shows channel number 125 selected and its value as 38.6. This value will be
updated every 0.6 seconds, so that trends can be readily observed.

2. Alarm Limits, With display mode selectors set at "Data" and "Low" or
"High" select channel number required. The first three tubes will repeat the
channel number selected, and the other five tubes will indicate the high or

low alarm setpoint. Thus the right hand display mode selector can be used to
indicate, in rapid succession, a channel value and its high and low alarm settings.

3. Display Time. With the display mode selectors set at "Time" and "Normal"
the last ;our tubes of the display will show system time, i.e. the time that would
appear on a log sheet or alarm print-out.

4. Test Codes. With the display mode selectors set at "Test" and "Normal"
the last four tubes will show numerical codes corresponding to conditions of
operational status laid down in the instruction manual.

8.3 Printer Controls

The print interval selector is used to change the logging routine from

frequent to infrequent operation. The actual intervals corresponding to these

settings are to the users choice, from 3 hour to 24 hours,

«

_‘—————-—-—a—m—_ﬂﬂm ,
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The print demand button is used when o log is required at any time
between the routine log intervals.

Time Sefﬁng

When it is necessary to change system time, the new time required
is set on four edge-scale switches (18.30) and the time set key is turned. This
establishes the new time in the system, which may be verified on the digital
display.

Sefh’ni of Alorm Limits

With the display mode selectors set to "Data" and “Low" or "High"
select channel number required. At the corresponding Local Scanner frame
position, turn the low or high potentiometer until the new alarm limit required
is shown on the digital display, When necessary the telephone handsets can

be used to establish communication between the Local Scanners and the Central
Proces.or.

Acknowledging Alarms

Each Main Alarm Display Unit has a red button which, when pressed
will acknowledge any alarm in the system. The flashing window then becomes
steady and the audible alorms are silenced.

Testing Alarm Lamps

Each Alarm Display Unit has o green button which, when pressed will
illuminate all alarm lamps in the system,

i
I
!
I
[
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INSTALLATION

The installation of Decca ISIS 300 systems is carried
out in licison with chipyard personnel. The Decca Installation
Service covers the followin; work.,

Installation Design

This section of the work covers the establishment of
transducer measurement ranges, siting and fixing arrangements, and
advice on the siting of principal units and cable runs. It also
includes liaison with other suppliers to ensure compatability of
certain transducers of shipbuilders supply, attendance at shipyard
progress meetings and determination of all system documentation
(log sheets, alarm legends etc.)

Supply of Main Unit Cabling

All cabling for interconnecting 1SIS 300 units, with
the exception of those required to connect the transducers to the
Local Scanners and the mains feeds to the power conversion
equipment and Distribution Unit, are supplied by Decca as free
issue fo the shipyard.

Supervision of installation

The mounting of transducers and principal units, and
the running of all cables is usually carried out by the shipyard.
Decca engineers will supervise this work and check out all wiring
runs prior to connecting up.

Connecting Up Work

Decca engineers will make-off all main unit interconnections
including the Local Scanner ends of the transducer cables. The
connection of transducers, transducer interfaces and mains circuitry
between the main power source and the 1SS Power Distribution Unit
is to be carried out by shipyard labour.

Commissioning
e

Commissioning work includes the final checking of all
connections, setting of alarm limits if required, and complete
performance test of the system. The system will then be demonstrated
to the shipyard accepting autherity and Classification Society Surveyor.
The commissioning work is additional to normal works ommissioning,
which is carried out prior to despatch. A Decca engineer will also
be available for attendance at sea trials ot an additional fixed
daily rate.

- e I pmm——— .
i i e e
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INFORMATION AND SERVICE

The 151S-300 supporting services are designed to ensure that the
equipment will remain at a high level of performance throughout the life of
the ship.

Instruction Manual

The most important section of the Instruction Manuol lists a series
of system check routines which are loid out so that a ship's engineer or
electrical officer con trace faults to a plug=-in module. Emphasis is on simple
logic rather than electronic knowledge. System check routines start with o
foult description ond end with a module locotion, giving module replacement
instructions.

The Instruction Manual olso shows all interconnections between
main units and identifies all tronsducer connections. Circuit and logic diograms
show modules and module functions only, in order to preserve a simple and
easily understood guide to the system,

Tmining

The Decco Training School was established principally io train
personnel from Decco subsidiory companies ond overseas ogencies in the servicing
of marine electronic equipment. Although the ISIS-300 System is very simple
in concept, basic training con be provided for seagoing personnel, when this
is requested. The course covers the basic principles of dota processing, fault
finding routines ond replacement of modules.

Servicing and Spares

The Decca marine servicir.g organisation comprises over 350
depots in majo: parts throughout the world. This organisation will be used
to support 1515-300 equipment in service. However, as reliability and
serviceobility have been the major design priorities, most faults can be
easily rectified by ships' staff,

The extent of shipborne spares carried is generally agreed in
ligison with the shipowner, bearing in mind the intended service of the ship.

e e e R e ek e e
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THE WORK AND ORGANIZATION OF THE

BRITISH SHIP RESEARCH ASSOCIATION
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SECTION 2

ABOUT B.S.R.A.

B.5.R.A. was founded in 194k as the central research organisation
of the British shipbuilding industry, and for nearly 30 years has carried
Out a co-operative programme of research and development on all aspects
of ship design, construction end operation. Today it also has the support
of the British shipping industry. It is one of the largest ship research
organisations in the world and enjoys great international prestige, so
much so that it has acted as the model for several national ship research
establishments subsequently formed in Europe and elsewhere. Through its
-lose co-operation with the design offices of its Member Firms, it has
un intimate knowledge of the ship design process and the requirements

£ 1 design department.

The activities of B.S.R.A. come under the following headings:-

Page
Research in support of Ship Design 11-59
Research 1in support of Ship Production 11-62
Research in support of Shipowners 11-63
Technical Information 11-64
Consultancy and Repayment Work 11-65

.1 Research in Support of Ship Design

Items of research in support of ships design include:-

Overall Ship Design

Development of Ship Design Procedures

Computer Aided Design

Ship Performance

Resistance and Propulsion

Steering and Manoeuvring

Ship Motions

Correlation of Tank Data with Trial Performance
Ship Structures

Structural Analysis

Loads and Stresses in Ships

Structural Steels and Other Materials

Ship Vibration - Especially Propeller Ex~ited Vibration
Noise in Ships

Shipboard Engineering Systems

Evaluation of Advanced Machinery Systems
Automatic and Remote Control

Machinery Layouts

2.1.1 Ship Design and Computer Applications

Whilst B.S.R.A. is not a ship design organisation as such, it
does nevertheless undertake a large amount of snip design in the course
of 1ts activities. In the late 1960's it developed the design for a British
economy class 40,000/42,300 ton bulk carrier on behalf of a group of Member
Firms. This design had a considerable influence »n the designs for larger
ships subsequently developed by individual firms. On enother occasion
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prelim.nary designs for a series of stern ‘rawlers were cevaloped. ard

Fore re ontly designs for a range of Peramex b1 -~a=viarg Lheve bee: leveloped
i ocon, uiction with & Member Firm. Detailed woraing drawings are being
prepared for the midship holds of one of these ships in connection with

an investigation into steelwork design office procedures.

In most of the items in support of design there is special exphasis
on the use of computers, and the same also applies to the other sections
ol the reseach programme. The Association has a large computer installation
bused or an ICL 1903A computer and a Gerber ccmputer controlled drawiag
rachine. In addition to its own computer work, it runs a computer nureau
service which is used by many non-Member as well as Member Firue. S.R.A.
has Jeveloped an extensive series of computer programs covering routine ship
design calculatiorns. A complete list of The programs svailatle -3¢
in the Appendix.

B.S5.R.A. has also been responsible for the development of the well-
known BRITSHIPS system. BRITSHIPS is the acronym for the BRITish SHipbuilding
Integrated Production System. It is an advanced system ol computer programs
conecerned with design, production and planning and contrel in shipbuilding
and 1s available to the Member Firms. The basic programs have been 1n full
operaticnal use by British shipbuilders for a number of years. rour large
shipbuilding groups now use BRITSHIPS to generate tlie contrcl tapes for their
Numerically Controlled burning machines. The system has been develorped on
& modular basis which enables shipyards for which a full numerical control
system would not be app priate to obtain benefits in terms of improved accure-~y
and quality control through the use of computer based methods for lines
fairing, shell development and the definition of the geometry of steelwork
parts.

Ship Performance and Hydrodynamics

The Association has been responsible for an extensive programme
of model experiment work to provide resistance and propulsion data for design
purposes and to explore basic problems in ship hydrodynamics. The experimests
f.ave been conmissioned at various establishments in the United Kingdom ramely,
“e experiment tanks of the National Physical Laboratory at Feltham snd Teddington,
the Admiralty Experiment Works at Haslar and the Vickers Ship Model Experiment
tank at St. Albans, but the work has been planned and controlled by B.S.R.A.
witn staff members participating on occasion in the conduct of the experiments
ard 1n the develcpment of special instrumentation.

A major outcome of this work has been the development of a methcdica
series of merchant ship hull forms covering block coefficients from 0.5°5
to 0.85 which forms a basis for the design of mercnant ship hull forms. These
forms have been continuocusly refined over a long period and are known tc
8ive performances fully compatible with the best that can be obtainei elsewhere
in the world. They are much used by the Member Firms. Trawler € ~m= have
veen similarly covered by a methodical series and other specialise? wer-hant
ship forms have been the subject of less extensive invest:gations.

More recently B.S.R.A. has concentrated on measuring the performance
I actual ships, both during acceptance trials and in normal service and
has collaborated with the British Government and other organisations 1in comparing
ship performence with predictions based on mcdel tests. B.S.R.A.'s Chief
Naval Architect 1s Chairman of the Panvl which supervises this collaboratjve
wvork on ship wuodel correlation. He also plays a prominent roll in the work
of the ‘nternatiornal Towing Tank Conference.




I1-61

2.1.3 Ship Structures and Vibration

B.S.R.A.'s work on ship structures is concerned both with actual
stresses experienced in service, for which purpose special instrumentation
15 fitted to selected ships, and with the estimation of stress distributions
at the design stage, for which stress analysis techniques are applied. For
the analysis of large tanker structures, B.S.R.A. has worked with the Naval
Construction Research Establishment to develop a suite of programs to allow

convenient and efficient date preparation, checking, analysis by finite element

methods end presentation of the results by automatic drawing machines. For
smaller end more general ship structural analysis problems, B.S.R.A. has
developed An alternative set of programs which are also based on the finite
element method of stress analysis.

In eddition to the above capabilities for the stressing of ship
structures, B.S.R.A. has been very much concerned with the measurement of
vibration on ships in service and with procedures to be used at the design
stage to prevent, as far aus possible, such vibration from occurring. Programs
have been developed which use the large amount of actual ship data collected
by B.S.R.A. as an empirical basis for the estimation of the vibratior
~haracteristics in the preliminary design stages, and progrems based on the
finite element method of analysis to determine the characteristics on either
the main hull or local structural areas at later stages of design. In all
this work on ship structures, B.S5.R.A., maintains a close liaison with Lloyd's
Register of Shipping and is represented by the Director of Research on the
“o-ordinating Committee for Ships Structure Re.earch in the United Kingdom
which deals with the co-ordination of structural research undertaken by the
Ministry of Defence (Navy), Lloyd's Register of Shipping, B.S.R.A. and the
Universities. The Association also plays an active part in the work of the
'nternational Ship Structures Congress and is represented on Lesign Committee
.2 of the 1.5.5.C. by the Deputy Head of the Naval Architecture Division.

2.4.L Ship Systems and Engineering

In the engineering field the main effort is devoted to the study

{ shipboard engineering systems and automation. The emphasis in engineering
systems work is 1n the updating of design methodology and design data, and
A gseries of modular designs for various engine room auxiliary systems has
also been developed with the aim of reducing design and production costs
and fitting-out time on board ship. With regard to automation, guidance

n practical desigr and installation matters has been embodied in a Code

f Procedure, which is currently being updated, and effort is being devoted
*y the study of advanced automation systems, including computer-based systems.
£.5.R.A. 1s also actively concerned with the production of standards for

leck and engine room equipment in conjunction with the British Standards
institution.

Until the <eparucion of the shipbuilding and marine enginebuilding
industries in the United Kingdom in the late 1960's B.S.R.A. was actively
concerned with the development and improvement of main propulsion machinery,
both diesel and steam -urbine. Although such matters no longer figure on
the research programme, B.S.R.A. retains a close ‘nterest in the selection
cf the most suitatle propulsion machinery for given types of merchant ship.

p————
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2.2 Research in Support of Ship Production

Research in support of Ship Product:ion inciudes work in the following
areas:-

dumerical control machines

Automatic and semi—-automatic mazhin-:s
Mechanical handling

Plant analysis and layout

Welding pro-cesses

Oxygen-cutting processcs

Pipe production

Electrical installations

Application of paint

Materials of construction aia <.t
Modular outfitting

Internal transpert in shipyards
Evaluaticn of new techniques
Dimensional quality control
knvironmental conditions in shipyvards
Group technology

Value engin-~ring

Activity sampling and method stuiy
Management information systems
Planning systemes and network analysis
Organisation and control systems
Operational research

B.S.R.A. Production Dbivision hes besn established fcr ten years.
At first 1t was concerned mainly with steelwork and organisaticnal methods,
! tut now i1t covers all facets of ship production. Among the innovations
which have been introduced may be mentioned:-

H.C. frame beuding machine

Verticul electrc-gas welding machine v
Friction welding machine for pipe tlanges

Permarent magnet lifting device

Fluicised bed heater for plastic pipes

Improved oxygen cutting nozzles

llew processes i1ncluc=:-
One-sided w2iding
Heat line benu ' ng

Gravity welding

liew techniques:-

Jetworking

Simulaticn ani L.P. Mathematical Mccel.ing
toding and ciassification of materiels
Part-numbering systems

Photogrammetry
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The main eff.rt 1in Production Research is directed at the higher cost areas

in shipbuilding. Tor example, welding research aimed at the introduction

of faster, automatic processes to ensure better quality control plays a

large part. There is a close working arrangement with the Welding

Institute which enables their work on welding processes to be translated

into welding techniques or applications by B.S.R.A. for shipbuilders. Outfitting
1s a complex organisational problem involving many %rades and materials

and a special study was made resulting in a series of recommendations on
networking techniques. More recently management control systems have been
developed from a basic network.

The use of computers is becoming increasingly important and
Production Division mekes use of B.S.R.A. computing facilities for the
preparation of N.C. control tapes, the solution of networking problems,
simulation and photogrammetric calculations, evaluation of proprietary
management packages, and as an aid to long-term planning by means of a
mathematical model of a shipyard. This model has now been applied in four
shipyards and further development of the technique is planned for this
vear.

2.3 Research in Support of Ship Operation

Much of the work mentioned above is directly or indirectly of
ussistance to shipowners, but in addition a separate programme of work
exists particularly for the benefit of the shipping industry. This is
organised in conjunction with the Chamber of Shipping of the United Kingdom,
and the results are disseminated through B.S.R.A. to both shipowners and
shipbuilders.

2.3.1 Fouling and Corrosion

A large part of the work for shipowners concerns corrosion, fouling
and protection of ship hulls; most of it is carried out by a specialist
Materials Secticn of B.S.R.A., staffed by meta’lurgists, chemists and paint
technologists, but outside specialists, inciuding universities, are brought
in whenever this is appropriate.

This work covers:-

External Cathodic Protection

Protection of Ship Tanks

Wastage of Non-Ferrous Salt Water Systems

Cargo Pipeline Materials

Service Trials of Weatheraeck Coatings

Evaluation of Commercially Available Anti-Corrosive
Paint Systems

Preparation for Maintenance Painting

Designing Against Corrosion Hazards

Bacterial Control of Fouling

Micro-Biological Deterioration

Effects of Underwater Scrubbing on Rates of Fouling

Health Hazards of Organo-Metallic Anti-fouling Materials

Prevention of Fouling in Seawater Systems in Ships

Underwater Maintenence of 3hips

In Water Surveying
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2.3.2 Other shipowner Work

Experimental and theoretical studies are also being carried out
under the Shipowner Programme in other areas. ‘These include:-

Reviews and assessments of oil /water separetion

Disposal of ship generated garbege

Noise rontrol

Prevention, detection and fighting ¢f ship fires

Ship berthing procedures using a.uxilierry =enoe o ring fevices

Trials to measure squat of large shirs in sha.low wvaier
with a view to utilization ot meximum avai.abie draughs.

Statistical studies of performance of shipa' equipment an-
of damege to ships' hully 2ue to 1zyes” “rom usese

Assessments of subdivisicn and stab.l.”

Preparation of coding systems in connection with
administration of repair and maintenance of ships.

The objectives of the sbove studies range “rom reluction in costs
through .mprovements in revenue, safety and efficiency of operation to mlleviation
of pollution and its consequences. The actual nature of the studies vary,
but in the main they are concerned with both technica. and economic matters
and a large amount of data is continually teing ccmpiled in both respects
on all aspecte of ship operation.

Results and experience gained from these studies are periodicu.ly
gathered together in codes of recommended practice for the benefit of shipowners
and shipbuilders.

2.4 Technical Information

The supply of technical informaticn to Member Firms as well as
its own staff is one of the major activities of B.S.R.A., and indeed, the
Technical Information Division of B.S.R.A. is the most comprehensive scurce
of information on marine technology anywhere in the world. Managers, designers
and other employees of Member Firms greatly appreciate the value of having
speedy access to information in a classified form which enables them to find
exactly what they want with the minimum of effort or delay.

About U450 periocdicals are received regularly, and in addition reports
and papers are acquired from many technical societies and research institutions
throughout the world. All this material ie carefully scanned, and summeries
or titles of the more important ariicles published in the Association's monthly
Journal of Abstracts. From these summaries a resder can select articles
of particular interest, and can then either inspe:t the originals if theyv
are available locally, or obtain photo copies frem B.S.R.A. Many of the
articles are in foreign languages; transla:.o: ' these into Snglish em
t= prepared for a suitable fee.

Information ccntained in abstracted articles 1is indexed wrnd arranged
in such a way that bibliographies on any nominated subject cen be speedily
prepared. Many sucl bibliographies exist alrealv and can be supplied on
demand.
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2.5 Consultancy and Repayment Work

In addition to the co-operative research programme which is restricted
to Member Firms, B.S.R.A, also undertakes research, consultancy or any other
form of assistance within its power on a repayment basis. This service is
available to members and non-members alike, the only difference being that
Members are given more favourable terms of payment. A considerable proportion
of B.S.R.A.'s resources are devoted to this type of work, and all sections
of the research staff participate. The majority of the projects are naturally
of a marine nature, but clients from other industries are welcomed. For
example, the methods used for obtaining statistical stress data in ships
have alsoc been applied to television masts, and protective measures against
sea-vater corrosion have been used in the cooling water systems of power
stations sited on the sea-shore.

The Computer Bureau Service has already been menticned. This also
is open to non-members as well as members, bt with preferenticl terms for
the latter. Certain types of work involving the use of confidential computer
progreams are restricted to Member Firms only, unless special licensing terms
are negotiatea by non-members.
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PENDIX

COMPUTER PROGRAMMES AVAILABLE TO B,S.R.A. MEMBERS

1. B.S.R.A, Design Celcwlatiop [rograms (Batch Processipg)

BSRA/NA/WO29 Hydrostatics

(Ships over 350 ft)

BSRA/NA/WO36

(Ships under 350 ft)

BSRA/NA/W030 Statical Stability

BSRA/NA/WO3k Launching

BSRA/NA/W032 Tank Calibrations

BSRA/NA/L153 Watertight Subdivision

BSRA/NA/L10L Estimation of Effective Horse Power and Shaft
Horse Power from B.S.R.A. Methodical Series Data.

BSKA/NA/WOS50 Propeller Calculations from Standard Series
Data given Ship Speed EHP and RPM

BSRA/NA/WO51 Propeller Calculations from Standard Series
Date given Ship Speed, SHP and RPM.

BSRA/NA/WO31 Grain Carrier Calculations

BSRA/NA/WO033 Calculation of Longitudinal Strength Information

BSRA/NA/WO38 Damaged Stability Calculations

BSRA/NA/W020 Dynamics of Leunching

BSRA/NA/GOOL Simplified Hydrostatics Program

BSRA/NA/L13. Propeller Performance when operating at other
than the designed loading

BSRA/REM/60 Ship Hull Frequency amplitude estimations

BSRA/ME /W201 B8 Cost Revenue Sensitivity (CRSS)

BSRA/ME/W203 Bl2 Bulk Carrier Fstimated Steelmass (BEST)

BSRA/ME /W206 B22 Bulk Cargo Generation Program (BCGP)

BSRA/NA/W1TO Grain Stability

BSRA/NA/W158 B9 B.S.R.A. Methodical Series Powering Estimates

BSRA/NA/W160 Blk Evaluation of Transverse Shear Force, Lateral
Bending Moment and Twisting Moment for Regular
Oblique Waves

BSRA/NA/W205 B23 Fuel Tank Heating Coils

BSRA/ME /Wz04  B24 Cargo Tank Heating Coils

BSRA/NA/W211 B29 Drainege S*ability Calculations (UNDAM)

- b

b
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Statical Stability)

R35 FLOOD (Program to Compute Flrodable Length Curves)

G

R36 VOLUM (Program to Compute Volumes and Centres of
Gravity o. Holds and Tanks)

I I1-67
i 2. B.S.R.A. liemote Access Programs for Interactive Use
: I The following programs which are available on various remote access
bureaux are the property of B.S.R.i. and are frequently being implemented on
the 19034 at Wallsend:
I R11 oFORMS (Ship Form Distortion and Anelysis Program)
' R12 "CASCADE" Program Segments (Computer Aided Scentling
- I: Determination) Notice Numbers R18 to R2L and R57 to
R63.  Imperiel Units
T R13 OBPS (Offset Bulb Plate Stiffener Selection)
LA
R1k I0AS (Inverted Ordinary Angle Stiffener Selection)
, 1] R1S FBAR (Roller Flat Bar Stiffener Selection)
R R16 TBAR (Selects the dimensions of a Fabricated T-Bar,
Flanged Plated or Flat Bar to satisfy a given
s section modulus)
1l RLT oLOYDL (Midship Section Scantlings of Two-Deck
“ Freighter)
oo R18 VOL (Volume of Bulk Carrier Hold)
- R19 BIMPL (Bottom Plating)
i K20 CGIR (Centre Girder)
: R21 INNBOT (Inner Bottom)
U K22 GAF (Girders and Floors)
P - R23 OGAFAH (Girders and Floors, Specified Holds Empty )
!
! - R2L BIBL (Bottom and Inner Bottom Longitudinals)
! I R30 BENDS (Longitudinal Strength Program)
; R32 LONSH (Computes Launching Data)
| I: R33 STABC (Approximate Statical Stability Progrem)
R34 LEVER (Program to Interrogate Cross Curves of
. I

R37 DSCAL (Sceles offsets, waterlines and stations in
any file with the same format of a DESIGN file or
e PORTN file)

—

R38 KPORT (Defines Ship over LBP 1in Simple Portion Format )

e

4 R39 TANK (Celibrates any number of tanks, each tenk being
defined by & number of simple portions)

w_- *m- = al == .-




RLO

RL1

RL2
RLL
RUS
R51
RS2
RS3
R5L
RS6
R57

R58

RS9

R60

R61
R62
R63
R6U

R65
R66
R76
R68
R69

RT0

RT1

RT2

RT3

11-68

SERIES (Progrem to Extract B.S.R.A. Standard Series
Forms)

SUPER (Cross Curves of Statical Stability Including
Superstructures and Bossings)

TRIM (Mergin Line Calculation)

OUNDAM (Damage Stability Calculations)

BALCO (Trimming Diagram Progrem) .

BHPS1 (Powering Program T™ 229)

BHPS2 (Powering Program)

BHPS3 (Powering Progrem)

VIBRN (Approximate Ship Hull Vibration Program)
DBHC (Double Bottom Heating Coils)

HOPPL (Hoppered Plate and Longitudinals)

SABAL (Shell and Bilge Fliating and Associated -
Longitudinals)

SLIS (Shell Longitudinals, Inner Skin and Longitudinals)

UWSBAD (Upper Wing Tank Sloping Bulkhead and
Diaphragm Plate)

DEK (Deck Plating and Longitudinals)
REQMOD (Required Midship Section Modulus) "
MODCOR (Modulus Correction)

"CASCADE" Program Segments (Computer Aided Scantling
Determination) Notice Number R65 to RB2 Metric Units

VOLM (Volume of Bulk Carrier Holds)

BOTUM (Bottom Shell and Keel Plating)

CGIBM (Centre Girder and Inner Bottom Plating)
GAFM (Girders and Floors)

OGFAHM (Girders and Floors "Specified Holds may be
Empty")

BIBLM (Bottom Shell Longitudinale and Inner Bottom
Longitudinals)

HOPPM (Hoppered Plate and Associated Longitudinals)

BASSM (Bilge and Side Shell Plating and Associated
Longitudinals)

SISKM (Shell Longitudinals, Inner Skin Plating and
Longitudinals)

—
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R7L SEADM (Sloping Bulkhead to Upper Wing Tanks,
Diaphragm Plate and Associated Longitu .nals)
i DECKM (Deck Plating end Associated Stiffeners)
R76 RSM (Rule Required Midship Section Modulus)

l RT7 ASM (Actual Midship Section Moduli)

: R78 FRAM (Frames and Web Frames in the Holds)
1 RT9 HOTTM (éopper Tank Trensverse Material)
R80 TOTTM (Top Tanks Transverse Material)
R83 oFRATR (Midship Section Scantlings of Freighters
of length greater than 9o metres)
R8L oDRY90 (Midship Scantlings of Ship under 90 m)
[ R85 BLKDES (Bulk Carrier Design, First Cycle)
i REG JUMBO (Frogram to Compute Benjean Curves and
- Hydrostatic Tebles of Part of a Ship)
= R88 BSAD (Bending Moment Shearing Force and Deflection)
I RE9 ESTGER (Post Processor ESSI to Gerber)
“
- R90 VIBSM (Ship Hull Frequency and Amplitude Estimations)
s R91 oPROPS (Lineshaft analysis)
- R9 3 BODY (Progrem to Produce ESSI Control tape for

drawing & body plen)

'
| .
¥ RoL TEKTR (Post Processor ESSI to Tektronix)
i
i I R9S MICRO (Post Processor ESSI to Ferranti Microfilm
| Plotter)
I R9E SPOT (Steel Plate Ordering Technique)
l R100 MSPE (B.S.R.A. Methodical Series Poweriig Fstimates)
R101 ECEVAL (Economic Eveluation of Ship Design)
l R102 AXVIB (Axial Resonant Vibration in Ships Propeller
) Shafting)
R10L TBARM (Selects metric dimensions of & Fabricated
l T-bar, Flanged Plate or Flat Bar to satisfy a given
section modulus)
l R115 TOVIB (Torsionel Resonant Vibration in Machinery
Systems)
l R117 TKRDES (Tanks, Preliminary Design)
R<03 oCNSTO (Container Stowage)
R2kL9 BEST (Bulk carrier estimated steelmass, tased on

approximate scantlings to Lloyds.




3. Britghips Programs
BSRA/NA/W085 B7

BGRA/PR/W236-239 B1D

BSRA/PR/W230 Bl3

BSRA/PR/W231 B16
BSRA/NA/W1T1 B20
BRITFAIR

Shell Plate Development

BRITSHELL B19

Draws body and waterline plans
Shipbuilding 2C,L

Minimum rectangle for developed shell plates.
Ordering and cutting information

Shell Plate Post Processor for 3-axis Machine

Drawings of longitudinals and other surface lines

Frame co-ordinates of longitudinals, shell seams
and other lines on hull surface

L, B.S.R.A. Programs for Management Information and Production Control

BSRA/PR/W202
SPOT
SHOT

3COT

Man Hour Curves
Steel Plate Ordering Technique
Sections (Heeavy) Ordering Technique

Steel Centralised Ordering Technique
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SUMMARY

The Project

The paper describes proposaels for an autcmated ship project
aimed at further;ng the development and application of s’.ipboard
automation. It is contended that such a proaect should be defined in
terms of its implications for reduced manning, since these provide the
main economic incentive and affect the requirements for automation
throughout the ship. The proposals are based on a 'minimum-crew'
concept. This concept implies that there is & minimum size of crew
below which it is not feasible to operate without going to a completely
unmanned ship.

The proposed ship would operate with a perzod1cally-unmanned
bridge in open waters, and a periodically-unattended engine room except
when bringing the mnchxnery to the "standby" condition and when shutting
down after "finished with engines". Consideration of the tasks to be
performed, both in normal operation and under fault or emergency conditions
suggests that an eight-man crew, dual-purpose trained, would be adequate.

The implications of operating with a crew of this size are
discussed in velation to the automatic control facilities that would be
needed in the three main areas of navigation and ship control, machinery
operation, and cargo operations. Reference is alsoc made to matters such
as legal implications, classification, insurance snd union acceptance.

To provide the control and associated functions needed for such
a project will, it is considered, requxre the use of computers in some
form and the ways in which the various computational requirements can be
met are discussed.

It is considered that the proposed project is technically
feasible, and economic calculat1ons indicate that there would be likely
to be & substantial economic incentive tn the shipowner.

The factors affecting the choice of shlp are discussed and a
tentative choice is made of a combination carrier of about 100 4000 dwt.
Much of the outcome of the work would however be ship-type and size
independent, and an alternative ship could be selected without greatly
affecting the work content.

Planning
The ultimate goal is taken to be the design, construction and
proving in service of a minimum-crew shlp as defined above. A phased

programme of research and development is proposed, with a review of results
and decision regarding future action at the end of each phase. Three
phases are suggested, the research and development carried out i: the

first two phases enabling the ship and its equipment to be specified in
progressively greater detail as the work proceeds, and enabling the

content and cost of the remaining development work, and the cost of the
ship, to be estimated more precisely:-

i
2
3
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Phase 1 - Analysis and outline design; detailed
specification of requirements for control
hardware and software.

Phase 2 - Design/development work on control equipment,
including computer hardware and software; more
detailed design study.

Phase 3 - Implementation by the design and construction
of an actual ship, and proving at sea.

The possibility of integrating Phases 2 and 3 is discussed.

Organisation, Control ard Funding

The project would require technical contributions from the three
major industries concerned, namely shipowning, suppliers of automation
and computer equipment, and shipuvuilding (including engineering equipment
supply). Additional specialised knowledge could probably also be
contributed by other organisations. Participation from a particular
industry might be arranged through the eppropriate industry organisations,
or directly with one or more large companies within that industry.
Discussion would be required to ascertein the degree of interest and
willingness to participate.

The extent to which individuel industries or companies would
be willing to contribute (either financially or by active participation),
and the pcssibility of governmentel support being made availeble (as has
been the case with similar projects abroad) would need to be ascertained.
The machinery to be set up for organising and controlling the project
would need to reflect the arrangements made for participation and
funding.

e

re ey
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1. INTRODUCTION

1. The application of automation to ships has made substantial
progress during the last ten years, principally in respect of machinery
1nstallatxons, and a high proportion of ships now being delivered are
suitable for periodically unattended operation of the engine room.

The automation of bridge functions is at a much earlier stage, and is
generally limited to the use of conventional auto-pilots, although
progress is being made in the development of additional navigational
and watch-keeping aids. With regard to cargo-handlzng operations,
automation techniques are beginning to be applied in a relatively few
ships.

2. Automation technology is still advancing rapldly, and experience
in other industries suggests that further advances in the marine field will
draw on the power and flexibility of computers to provide more comprehensive
and sophisticated facilities for control and monitoring. Already a

number of nationally-sponsored shipboard computer proaects are being
carried out abroad to demonstrate the feasibility of using this type of
equipment at s2a, and to explore applications and techniques (Ref. 1).

3. Research and development must now be concerned with preparations
for this next stage of advance, and it is contended that the work should
be co-ordinated by being focussed on & specific ship project, having aims
vhich are realistic but sufficiently forward-looking to provide a worth-
while target. A previous study (Ref. 2) has indicated three probable
stages of future automation development, defined in terms of their
influence on manning requirements, which constitute the most significent
and most clearly identifiable area of cost saving. These stages are:-

(a) Numbers of crew reduced as far as possible while still
retaining continuous watch-keeping on the hridge, and
separate deck and engineering staff.

(b) A change made to multi-purpose crew, and numbers
reduced to the minimum considered feasible while still
retaining a worthwhile crew function, eliminating the
need for continuous watch-keeping ('"minimum-crew
ship"). The number of crew to be determined, but
probably in the region of eight.

(¢c) The completely numanned ship.

L, It is considered that a programme of resesrch and devel -rment
aimed at forwarding the progress of marine autometion would be mo -t
effective if it were focussed on a ship project aimed at Stage (1), the
minimum-crew ship. It is anticiputed that the spin-off from such a
programme would automatically forwuard the development of Stage ’n .
enabling individual techniques and equipment which were devel: ped tvc be
adopted as they individually became economically viable. Also experience
gained with Stage (b) ships at sea would provide an essential bmsis for
progress towards the completely unmanned ship.

5 The purpose of this paper is to define such a project, to
discuss the implications and the research and d»v»‘cpme;k work required,
and to indicate possible means of implementation.
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' 2. SCOPE AND PLANNING OF PROJECT

6. The project has as its ultimate goal the construction and
proving in service of & minimum=-crew ship, as defined above. It is
recognised, however, that no commitments to build could be expected
until sufficient research and development, co-ordinated with desigr
investigation work, had been carried out to give reasonable assurarce
of technical and economic success. A phased development programme
is therefore necessary, in which che outcome of each phase would be
assessed before a decision was made to proceed to the next phase. -

7. In this connection the report of a recent Governmental

Committee on the menagement of development projects having high

technical and cost content (Ref. 3) has reccmmended that development i

should be progressed in four stages: an initial feasibility study,

followed by two stages of project definition, leading to the full

i development . In some instances the second stage of project definition

3 may be omitted. Briefly, successive stages would incorporate increasing

l amounts of design and experimental work to give a progressively more
precise technical definition and cost estimate of the product. -

: Estimates of the remaining development work would also bceoome progress-— i

' ively more detailed and precise. The end of each stage would constitute
a decision point regarding further action.

8. It is considerc? that the work leading to the present paper

corresponds approximntely to a feasibility study as defined in Ref. 3,

although since the nature and degree of participation likely to be e
forthcoming from other organisat:ions is not known, it has not been

possible to include estimates of the cost or duration of the development

work. Some guidance as to the possible effects on ship economics is —
however given in Section T. .

9. It is proposed that the project should be considered as
falling into three phases, outlined below. (These will correspond
approximately to the remaining three stages of Ref. 3). A specific
size and type of ship would be chosen to provide a focus for the work,
as discussed in Section 3, although much of the work will be more widely &
applicable. i

10. Phase 1. Analysis and Qutline Design -~

B e .

@
{
(a) Investigation of functional requirements for all .:aipboard ,

operations. l

(b) Investigation of the automation techniques and equipment
necessary to fulfil the requiremerts formulated in (a)
with minimum=-crew operation, including assessment of -
availavle equipment and techniques and specification of
requirements for new equipment where needed.

(c) Investigation of the repercussions of minimum-crew
operation on the design/selection of conventional
equipment (e.g. propulsion machinery and auxiliary
systems).
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(a) Preliminary design investigaticns of the effects on
ship and machinery layout.

(e) Study of other implications (legal, classification,
union acceptance, etc.)

11. This phase is thus largely concerned with data collection and
analysis, and systems design studies, and would result in a series of
reports specifying requirements and deteiling proposed solutions.

12. Phase 2. Design/4evelopment

(a) Development of such new equipment o. techniques as are shown
to be necessary from Phase 1, or the edeptation or further
development of existing equipment or ‘echniques.

(b) Proving at sea of equipment or techniques developed
under (a) for individual shiplsard furctions (including
software in the case of computer-based methods). fThis
could be carried ocut on a piecemeal basis in existirg ships
or new construction.

{c) More detailed design study for minimum-crew ship, including
costing.
13. Equipment or techniques developed in tnhis phase for specific

functions, if economically viable on their =wn, would beceme availsble
for general use as spin-off from the project.

Shese 3. Implementation

14, This phase omprises the specification, design, corstruction
and proving at sea of a minimua-crew ship. The ship would be built as =
commercially-viable venture, apart from any exceptional costs for initial
provirg. Because of the changing market situaticn, the ship actually
built csould differ in some respects from that chosen to provide a focus
for Phases 1 and 2, but it is anticipated that the results from these
earlier phases could be applied with little adaptation to a variety of
ships, as discussed in Section 3 below.

15. The possibility alse exists of integrating Phases 2 and 3,
that is, of proceeding direct from the initial analysis phase to the
design and construction of the actual ship. This implies that the
proving of new control hardware and software would be carried cut con the
one ship, and would probably necessitate fittinz back-up equipment of
conventional type. The ship would therefore differ in important respects
from the minimum-crew ship as defined in this paper. A decision beitween
the two alternatives brings in a number of factors which are discussed

in more detail in Section 10. It is assumed in what follows that Phases
2 and 3 are carried out separately.
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3. CHOICE OF SHIP

16. With the possibility of direct implementation in mind, it will
be advantageous if the ship chosen as a basis for the project is of a typs
and size likely to be required in significant numbers. However, it is
perhaps more important that the results themselves, in the form of equip-
ment and techniques, should be widely applicable and in this connection it
M be noted that:-

(a) As regard bridge activites (navigation end ship hendling)
the functional requirements are virtually independent
of the type and size of ship, so that the choice of ship
will not be significant in this respect.

(b) The machinery requirements will be largely dependent on
the type of main propulsion machinery, and will be related
only to a limited extent to the ship type and size.

(c) The cargo-handling requirements are cbviocusly closely
dependent on ship type, but even here certain parts of
the system, e.g. those concerned with the loading plaen,
stress, trim, stebility and ballasting, will be applicable
to many ship types.

17. A further consideration in the selection of ship typ= ic that
since the greater pert of the maintenance work will need to be carried
out in port, because of the small number of crew, it will be necessary
for the ship to be one which returns frequently to cne or more ports at
which suitable maintenance facilities can be provided. For the initial
proving voyages it is strongly preferred that the ship should operate
from a U.K. or at least a North European port.

18. There appears to be no one ship type and size which satisfies
all criteria. Considerations of demand would suggest a dry bulk carrier,
combination carrier, or tanker in one of the popular tonnage ranges.

For building capacity in as many U.K. yards as possible, preference would
be given to a tonnage of 100,000 dwt or less. A crude carrier or
combination :arrier would provide suitably comprehensive cargo-handling
requirements (the somawhat more complex requirements of the products
carrier are perhaps be:ct not attempted in an initial project). From
considerations of trading route a crude carrier or container ship would
be most suitable. If there is a desire to minimise the magnitude of

the risk in this first project (i.e. value of the ship and its cargo,
risk of pollution) the emphasis would be on a smaller ship, and on a

dry bulk carrier rather than a tanker. These factors are summarised

in Table 1.

19. For the purposes of defining the project a somewhat arbitrary
choice has been made of a combination carrier of about 100,000 dwt

on the gounds that this size and type of ship would satisfy all thre
requirements quite well except those connected with trading route, althougt
there are in fact ships of this type which do operate for long periocds

on a fixed trading route.

1
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20. A final decision would need to take account of the views cf
any shipowner sponsorship for the project which might be forthcoming, and
as pointed out earlier, it should be borne in mind that the outcome of
Phases 1 and 2 of the project would be to a large extent applicable to
ships of other types and size.
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4. OPERATIONAL AND CREW REQUIREMENTS
FOR PRESENT-DAY BASIS SHIP

2l . Tt seems rational to specify the projected minimum crew ship in terms
of the ship's function and how this function is to be fulfilled. The only
basis there is for this at the moment is the equivalent manned ship which when
carrying oil would have the following operational cycle, from discharge to
discharge, starting from the completion of discharge, partially ballasted,

and papers cleared. When carrying bulk solids the operational cycle would

be similar apart from the cargo handling and tank cleaning operaticns.

Deck Propulsion
(1) Despatch parties to mooring (1) Prepare main engine and all
stations (standby) and necessary auxiliaries for
prepare bridge systems start up (standby)
(2) Cast off and manoeuvre (2) Manoeuvre engines

away from jetty

(3) Manoeuvre ship through (3) Manoeuvre engines
pilot waters, drop pilot.
and proceed through congested

shipping areas. Stow
mooring cables and clear
decks

(4) Prerare and implement (4) Set main engine: and auxiliaries
preliminary ballast to steady condit ons
arrangements

(5) Take instructions for ballast (5) ditto
voyage. Plan voyage and carry out machinery

maintenance as required
() Implement voyage plan (6) ditto

and proceed

Wash cargo tanks required

for clean ballast (and other
purposes ), pass washings to
slop tanks, separate and
discharge water bottom.

Take on clean ballast and
discharge dirty ballast through
separator and pass oil to

slop tank

Carry out deck maintenance
as required

(7) Proceed with voyage &) ditto
navigating safely to
rendevouz for orders.
Report progress as required
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Deck Propulsion =i
A (8) Receive orders (8) ditto
4 (9) Plan final stages of voyage (9) ditto L
F and implement safely and
. efficiently ‘
y o
| Prepare loading plan.
Bunkers, provisions, etc. .
Prepare berthing and -
mooring vlan. -
(10) Pick up pilot and make (10) Manoeuvre engines _ 1t
approach to mooring. wi
Carry out or start
deballasting 3
us
(Ll1) Despatch mooring parties ) ditte
to stations -
(12) Manoeuvre ship to bring (12) Manoceuvre engines till ship is -
alongside. Berth and secured and place on necessary
‘ secure state of quiet or standby _ B
' ¢
(13) Acquaint shore personnel (13) Effect small repairs or
with loading requirements. maintenance
Complete deballasting. i |
Connect shore pipelines.
Load cargo, effecting all -
necessary checks and =
safeguards. v
Adjust mooring to suit
conditions. - B
Bunker and provision "
(14) Check final state of ship. (14) Standby -
Complete paper work. = i
Clear with authorities .
(15) Kepeat (1) (15) Standby -
!
L 3
(16) Repeat (2) (16) Repeat (2)
(37) Repeat (3) (17) Repeat (3) B &
(18) Repeat (7) (18) Repeat (4) 4
(19) Complete major portion of (19) Proceed steady s
voyage and receive orders .
(20) Repeat (%) but plan unloading  (272) Ditto 1
in this case
(21) Repeat (10), (11) and (21) e 2
(22) (12) (22) Manoeuvre engines
(23) (23) -
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. Deck Propulsion
(24) Acquaint shore personnel (24) Operate cargo pumps or
with unloading plan. Effect supply power to operate
' unloading and if necessary same
simultaneous ballasting
according to predetermined
l plan.
22. Currently ships of the size being considered, and larger, are
operating with crews of about 30 to 35 comprising possitly 10 or 13 officers
l and 20 to 25 crew. In addition to the Captain and Chief Engineer, & typical
complement might be:-
' Deck Catering Engineering
First Officer Chief Steward Second Engineer
l Second Officers (2) Chief Cook Third Engineers (2)
Assistant Cook Fourth Fngineer
Radio Officer Stewards (2] Llectrical Engineering “fficer
Galley Hand
' Bosun Engineering Hands (5)
Joiner
Seamen (6)
l 2t Deployment of personnel during the operational cycle descrired above
might be :-
l Bridge Deck Engine Room
Yooring & Casting Off Captain 2 Officers 2 Officers
l Officer 10 to 12 1 Hand
Helmsman Hands
Messenger
' Radio Officer
Pilot
. _5 12 to 1k 3 4
' On Voyage
Continuous 1 Officer 1 @ffises ) il
. Full watches 1 Helmsman 2 Hands ) manual
l (excluding daywork) (or Auto B,
Pilot)
1 Lookout
' 2ler'3 3 on watch in
manual k.R
Intermittent 2 or 3 contin-| 1 Officer 2 0fficers WS
' Bridge watch & daywork uously plus T o D 5 Hands )  day
including tank cleaning | Radio Officer | Hands rkers
£ maintenance
' 3 or L 8 or 9 7
Cargo Handling = First Officer | 1 Officer ) on
1 Other 1 Hand ) watch
Nfficer
' ¢r 3 Hands ’ ——
L or 5 2 plus
2 or 3 dayworkers
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* ' 2k, Administrative work, overall supervision, forward planning and other
ancillary tasks are carried out on a daily basis and at other necessary times -

1 by the Captain, Chief Engineer and First Officer. )

25 Some of the work included in the listings above is directed towards -

the provision of heat, light and atmospheric conditioning for all concerned with

1 the primary functions of ship operation, and the whole purpose for and effort of
' the catering staff (about 6) is concerned with the sustenance and welfare of

| the ship's operating crew.
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5. IMPLICATIONS OF OPERATING WITH MINIMUM
CREW : FUNCTIONAL REQUIREMENTS

26. The functions involved in the voyage cycle detailed in the

preceding section will now be considered in terms of operation without
continuous watches on the bridge or in the engine room, and with the nurber

of crew reduced to the minimum considered necessary to cope with essential
operating duties and to make adequate provision for emergencies, A first
attempt is 1ade to identify those functions which will require to be automated
in order to permit operation in this way, to provide guidence in formulating
the necessary programme of research and development .

27. It will be seen that the basic operational functions may be grouped
as followsi-

Deck functions

Ae Ship control in open sea

2, Ship control in congested waters

3. Ship control in pilot waters and mooring appraches
L, Mooring and casting-off.

Engine-room functions

R Full-awvay operation

2. Manoeuvring

3. Bringir ¢ from cold to harbour condition

L, Bringing from harbour condition to standby.

Cargo operation

3o Loading and deballasting
2k Unloading and ballasting
3. Tank cleaning.

Deck Funetions

28. (a) Ship con‘rcl in open sea

For operation with the bridge unattended an automatic navigetion
and ship control system will be required which will maintair the ship on i4s

intended route. For simplicity the route will Probably be defined ms &
succession of straight lines on the map, and a voyage plan will need to be
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prepared fixing the end points of the individual legs of the route. It is
considered that the most suitable type of control system is likely to be one
which causes the ship to home on to the end point of the leg on which the ship
is currently sailing. An essential feature will be an automatic osition-fixin
systeri, which will determine the position of the ship at frequent intervals.
Position fixing may be by navigational satellite or a redio system such as
Omega, Decca, etc., or a combination of these. The contrcl system

would need to incorporate automatic correction for drift due to wind and
current, computed from s comparison of actual stp movement (from -
successive position fixer) with apparent ship movement (from ship's

heading and speed through the water).

29. On reaching the end point of a particular leg, to within a

pre-determined degree of accuracy, the ship would be caused to home on to

the next junction. These course changes could be set-in on the equipment

individually or the whole voyage programmed in from the beginning. -
Over-riding manual control will be possible at any time.

30, Detours to avoid bad weather, or for any other reason, could be =
arranged by manually setting-in the desired new route on the equipment.

A refinement would be the use of weather-routeing computer gro§rams

(run either on a ship-board computer or a shore-based computer which
would determine from meteorological data the optimum course in terms

of fuel consumption while avoiding regions in which the predicted sea state
exceeded some given value, Such programs could be arranged to

provide the route information in a form guitable for interfacing directly =

with the ship control system. The need for automatic speed reduction
in bad veather, using signals from either ship motion or hull stress sensors,

may need to be considered. =
31. Also essential will be t'2 provision ofi-
(a) A collision avoidance system capable of identifying a =
potentially hazardous situation and of manoeuvring the
ship, by controlling its speed and direction, 8o as to avoid
the hazard The homing system would be over=-ridden -
temporarily for this purpose. -

(b) An anti-stranding system capable of identifying an under-vater
obstacle and of stopping the ship, again over-riding the '
homing system for this purpose:

Fig 1 shows 1n block diagram form the various control systems and
gub-systems referred to

32 Bridge duties of ship's personnel during open-sea operaticn will -
be confined to routine equipment checks, periodic checking of shin's rosition

and cours:, and either manually initiating required course changes cr

checking such changes as are made automatically Personnel would be

summoned by alarms 1in the event of a control system becoming inoperative,

or of a potentially hazardous situatior being identified by the collision-avoidance
system or the anti-stranding systen ("Potentially hazardous' would need to

be carefully defined in these connections to prevent unnecessary alarms.)

Alarms may also be required to give warning of deviation (beyond some

predetermined amount ) from the desired route or course.




(b) Ship control in congested waters

33, Basically the control system described above would be carable of
operation in congested waters, but the nurber ~f potential hazards arising

from the presence of other ships and adjacent coast lines would plasce zreater
demands.on the collision-avoidance gystem It would be a matter for

Judgement by the Captain, teking into account the degree of sorhistication
possessed by the collision-avoidance system, at vhat point manual control

should be instituted, In these circumstances manual control of ship manocuvres
would no doubt be greatly assisted by the graphi-ul display provided by the
collision-avoidance system

{e) Ship control in pilot waters and mooring approaches

34, It is assumed that the ship would be under manual control in pilot
waters and mooring approaches, assisted by tugs as necessary The

situation thus reverts to a conventional one With regard to instrumentation,
the gravhical display from the collision-avoidance system referred to in

(b) above would be required, but with the generally slow rates of movement

this would tend to revert to a conventional radar display A separnton
conventional radar may in any case be provided

: 35 A need already exists for instrumentation to assist in the berthing
] of very large ships (Ref 4). In this connection radar-doppler and
.I sonar-doppler equipments are becoming available which will give an accurate
F * measurerent of low aprr-ach speeds to a jetty, but possibly further
' development is required, together with the development of accurate short-
[ range proximity indicators

36. Two members of crew would probably be required on the bridge
when the ship is under manual control in congested waters or close
mAnoeuvring situations.

(d) Mooring and casting-off

37- A recent comprehensive study of mooring methods (Ref.5) has shown
that with modern power-worked Systems and an optimym layoutﬁihe total
number of men required for mooring, casting-off and associated activities
can Le reduced to six, probably divided into separate fore and aft working
parties each comprising one skilled and two semi-gkilled men. Even

these requirements will however be difficult to meet from a total crew of
about eight, at a time when the bridge will need to be manned, although it
should be possible in an emergency If mooring proves to be the only
situation requiring a relatively large number of crew it will be uneconomic
to increase crew pumbers solely for this purpose, and it will be preferabte
to think in terms of usirg shore-based mcor: R partiea, who will btoard *he
8llp a3 it enters harbour The shore-bused men would vork under tl.e
supervigsion of the ship's crew members who would be familiar with the ship's
equipment .

(e) Other deck functious

28 A radio operator might still he required, but gince his .ork would
be intermittent it would he possible for him to combine his function with that

‘ of electronic instrumen* technician, for whiech his training will rensr him
suitable

&___—_~—“'
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39 There will be little opportunity for undertaking cleaning and painting
tasks at present carried out by ship's crew.

Engine-room Functions

(a) Full-away operation

Ln In the full-away condition the engine room will normally be
unattended except for periodic inspections. The propulsion machinery will
be under the control of the ship control system, with facility for exercising
manual control from the hridge. A number of ships are currently operating
with periodically-unattendcd machlnery spaces, and this experience provides
a firm base line for progretsing to the minimumecrew ship. Certain
operations which are still carried out ranually, e.g. pumping~-up of

service fuel tanks, and bilge pumplng, will probably need to be automated,
and this should present no serious problems . Automatic starting of
stand-by auxiliaries, and auto-startlng and synchronising of stand-by
Renerators, are assumed, as 18 the employment of a comprehensive alarm

and monitoring system,

h1. The replacement of existing analogue controllers by on-line computer
control may be advantageous, and could enable improved facilities such as

S ——

variable-gain control and dynamic alarms to be provided as discussed in

Gection 9. Facilities for trend analysis will be required to give early warning
of deterioration of machinery and equipment, so that preventive maintenance

can be carried out in time to avoid failure in operation, The possibility of
providing fault diagnosis computer programs will need to be examined.

L2 The machinery installation will need to be designed for high
reliability and safety, and special attention will need to be given to the
early detection of fire and leakages These matters are returned to
later in section 9.

L3. Staff duties when the machinery is full away will comprise periodic
1nspect10ns to detect any abnormal condition, routine control equipment
checks, minor adgustnents and maintenance. The latter wili probably

be limited to servicing of instrumentation, and small tasks such as the
re-packing of leaky glands.

(b) Manoeuvring

uh. The engine-room status when manoeuvring will be the same as

when full away, and the main machinery will be under manual control from the
bridge., The control equipment must be capable of controlling satisfactorily,
without any manual adjustrent over the whole range of conditions met with
during manoeuvring.

(c) Bringing from cold to harbour condition
Bringing from harbour condition to stand-by

4s. Starting-up the machinery plant from cold, and also bringing to

the stand~by condition could, if necessary, be carried out automatlcally

on manual initiation, either using conventional switching devices with time delays
and interlocks or by computer control, but it is doubtful whether this degree

of sophistication is worthwhile Wlth even a small ship's crew 1t should

e Ty
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be possible to arrange for the presence of two crew members in the engine
room to carry out these operations manually, but a study of the work
content wiil be needed to verify this.

W6, During these two phases the satisfactory operation of all alarms and
of automatic cut-in and safety devices (in so far as this is feasitle) should
be checked, unless similar checks have been made only a short time previously.
It will be desirable for the engine-room to remain manned as the ship leaves
harbour and for a further period of several hours o ensure that all equipment
is functioning satisfactorily. This will be perticularly important if any
maintenance work has been carried out on equipment while the ship has been

in harbour.

Car‘o gggrutiona

L7, The primary objective of this new ship type so far as cargo-handling
is concerned 1is the same as that of present-day carriers operating on the same
route but modified by the proviso that this objective has to be met witn

a greatly reduced crew.

ug. For the purpose of defining the project a combination earrier of
approximately 100,000 dwt has been tentatively chosen and in section U

the operational and crew requirements for a conventional combination carrier
operating as a wet bulk carrier were described, Although in the following
description it is assumed that the cargo is liquid bulk, the onbcard systems
will be designed to handle other types of cargoc

L9, A centralised cargo control system will be required and it is
envisaged that all operations will be computer controlled, with one crew
member monitoring conditions from the cargo control centre. The centralised
cargo control system will coordinate cargo handling and engine-room machinery
during cargo operations

(a) Loading and Deballasting

50, Dehallacting will be carried out by the cargo control com uter
according to a voyage ballasting plan (prepared with the aid of & cargo nlannin,
suite of programs) formulated shortly after the ship left the discharge port,

or a modified plan prepared on voyage. It is assumed that a mooring party
will come aboard prior to berthing and that they end/or other terminal-based
personnel will connect the shore pipelines The ship‘s cargo pumps will

not be used unless simultaneous deballasting end loading is carried out Carge
0il will be pumped into the ship by shore pumps, and the cargo control computer
will be mainly required for the sequence ~nntrol of tank valves in accordance

with a previously derived loading plan. 8kip draught, trim and poss:
stress will be monitored continuously by the skiip monitoring system articulay
attention will be paid to topping up and other critical activities ikering

control will be carried out automatically after connection of the supply line

(b) Discharging and ballasting

51. Cargo discharge and hallast plans, if not already available ir standard
form, will be prepared as the ship approaches the discharge port. At the
terminal the cargo control computer will automatically control the unloading
sequence and ballasting, monitored by the ahip monitoring system
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(¢c) Tank cleaning

52 Cargo tanks to be used for clean ballast will be washed automatically,
the washings passed to slop tanks, separated and clean water recirculated

or discharged overboard. Inerting or other safety precautions will be

effected as required. Dirty ballast will be discharged via an oily-water -
separator, and automatic closure of discharge valves will occur if oil is

detected in the discharge. Subsequently the permanent ballast plan will be

implemented automatically. 4
53 Fig. 2 is a block diagram showing the main sub-systems of the automatic
‘ cargo handling, ballasting and inerting systems onboard a minimum-crew ship. =

Items within the dotted lines constitute the centralised cargo control system

which includes the cargo control ccmputer (which would carry out on-line control

of loading, discharging, ballasting and tank washing), and the ship and cargo

monitoring systems. The cargo planning programs are shown outside the

dotted area because they are essentially off-line programs which may be run

either onboard or at the owners' office depending upon the size and tyre of the

computer installation onboard the ship a3 discussed in more detail 1in Uection 8. =

R e o
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| 6. IMPLICATIONS OF OPERATING WITH MINIMUM CREW:
; MANNING AND OTHER CONGIDERATIONS
Manning
Sk . It is clear frcm the previous section that provided all equipment (both

conventional equipment and control equipment) is fun~tioning satisfactorily, the
demands made on the crew for operational tasks are not great, and in *henmselves
require only a small nurber of crew, In open-sea conditions, the crew are

in fact being used snlely to back up the automatic control equipment and hence
to improve overall operational reliability. Apart from mooring, which it

is possible will be dealt with by shore-based mooring parties, the greatest
demands are made when the bridge must be continuously manned, that is

in pilot waters and congested waters, but the periods Auring which this 1is
required will be of short duration. It follows that the number and composition
of the crew will be determined primarily by the need to provide for erergency
repair and watch-keeping duties necessitated by scme eguipment failure

S5 It must be emphasised that the high standard of equipment reliability
aimed at (both by using equipment of high inherent reliability and tv ‘uilding-ir
redundancy as considered necessary) will, 1f achieved, make such occurr-ences
rare. Alzo by aiming at ease of maintenance (fault-finding and repair)
particularly of control equipment, periods of emergency watch-keeping will

it is hoped be of short cduration. Provision must nevertheless be made for
coping with such situations should they arise.

56. The assumptic- .s made that all officers will be dual-purpose
trained, and quelified to stand watch on the tridige and in the engine roonm,
although each will have special expertise and experience in & particular
area. Owing to the small size of crew the amount of administrative work
will be reduced compared with that for a conventional ship, and it is
anticipated that the Captain and Chief Engineer will participate to a greater
extent in the day-to-day operational work It is alsc envisaged that

any demarcation between duties carried out by officers and ratings will

tend to become less rigid

5T The crew requirements may be summarised in general terms
as follows.-

(a) ability to encompass the total expertise necessary
to cover all technical and administrative aspects
of ship operation

(b)  capavility for standing watches for limited periods
of time as a substitute for :ndividual certrol systems
which may he *temporarily out ol acticn

(e) abi1lity to effect such emergency maintenance as Ay
be required without the imposition of undue physica’
or mental strain

(d) ability to be a mutually self-sustalning community

GIR N IS T aGE W G0 n =y ow o ey

: 58, It will also be necessary that the general living standards and
working conditions are no* in any way infericr to those in a conventinral
ship.
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59. With all these considerations in mind it 1s suggested that the crew
should -~omprise a total of eight, made up as followsie

Four officers, all dual-purpose trained, but each with
special expertise and experience in one area, 838 followsi-

i Administration and deck officer duties (Captain)
2. Deck officer duties
3

; Engineer officer duties (plus some knowledge of
control equipment)
b, Control and instrumentation (plus some knowledge of
engineering)

One radio operator/electronic instrument technician

One general purpose rating, available for deck or engine-room

duties
One cook )
Able to act as deck or engine-room hands
One steward ) if required.
61 In normal operation all crew members will be on duty during dav
work periods, and two crew members would be on call at other times to
answer alurms, If, as is envisaged, alarms could necessitate those called

nut visit:.ng either the bridge or the engine room, procedures would need
to be evolved for answering subsequent alarms, but no difficulty is envisaged
liere

€1 In the event of an equipment failure necessitating continuous
watch-keeping either on the bridge or in the engine room, single-man watches
would be liept so far as possible. This would require the institution of

sone repo:ting system at night which might take the form of an automatic

device giring an audible signal to the watch-keeper at predetermined intervals,
3ay 15 minutes, to which the watch-keeper must reply by pressing a button
<ithiin, say, one minute othervisc an alarm will sound summoning another

menber of the crew.

60 A more serious failure, say of the main ship control system,

mipght necessitate two-men watches (helmsman and look-out). In this case

the above crew composition would enable three officers and three ratings

Lo be ava' lable for continuous watch-keeping, leaving the control engineer and
instrumen!, technician free to repair the equipment and answer alarr calls

from the ¢ngine room Meals during this period would be prepared by the
off-duty vatch-keepers

63 The concepts of crew capability postulated here could give rise to
problems ¢f training. There is, however, some limited experience of
dual-purpcse training of ships' officers abroad, 8o that the concept is

not new, end it would be anticipated that although the duties would be somewhat
more demarding they would result in increased job interest and satisfaction.
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Arrangement of Control Centres

64, The essumption has been made implicitly in what has been said

so far that a conventional bridge and a conventicnal engine control room
would be provided. Although %his could prove to be the best solution 1t
vill be necessary to explore other possibilities. In a ship of this type,
operating vith a very small crev, the concer' of a single ship control centre
may be more appropriate. The centre would cortain the manual cver-rides
for ship and main engine control, and would be provided with instrumentation
presenting the required information on ship and machinery state, together
with necessary alarm/annunciator panels. The extent to which 1t would

be advantageous to provide remote controls for other engine-rcom equinment
would require study-

65. For convenience in assuming manual control of the ship such a

control centre might need to be in the position of the conventional bridge in
order to permit good visual observation of the surroundings Rapad
communication with the engine room by lift would be required The layout

of manual controls and instrumentation would also require careful consideration
with the possibility in mind of one-man operation, as discussed previously.

66, The cargo control centre might require to be a separate entity,
positioned either at deck level or as an adjunct to the engine room

Administrative Implications

67. The unconvertional aspects of the type of ship proposed,
partlcularly operation with unattended bridge and with a relatively small
crew, may give rise to vroblems which are not purely technical These
problems would be concerned with compliance with legal requirements,
classification, insurance, and acceptance by trades unions -

68. Legal requirements comprise the national requirements as I«

down in the Merchant Shipping Acts and the Pules and Fegulations made under
those Acts, and also international aspects, which present a rather complicated
picture. Both aspects will require study. It is anticipated that difficulty

could arise in respect ofi-

(a) Operation with a periodically unattended bridge
(b) Manning levels
(c) Manniug qualifications

69. Discussions with the Department of Trade and Induscry wil. be
needed to ascertain whether any special dispensation will be needed to mlilow
the ship to be operated 15 the proposed ranr , And wvhether any addit \
safeguards will be required Ly them. DT will in any case nce
satisfied <hat the design of the ship and 1ts equipment and the numbers and
qualifications of the crew are adequate to ensure the ~verall safety of the
ship and its crew A discussion of the legal implicet.ons of automation

is given ir. Ref 6.
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0 Classification society approval will also be required, and discussion
with the selected society will he required at an early stage of the project to
ascertain whether they would stipulate eny special requirements regarding
equlpment A special supnlement to class has already been assigned by

most classification organisations to ships operating with machinery spaces
unattended for specified periods, and presumably a similar arrangement

would be sought for ships operating with an unattended bridge. Experience
with nuclear shirs has shown that classification societies are usually willing
to make special provision for ships which incorporate technically
unconventional equipment

71 Provided classification society approval is obtained, insurance

cover will be forthcoming, but it is possible that insurance premiums will

be 1ncreased at least during the 1nitial period of operation, until satisfactory
operation has heen demonstrated in service

i Operation of a minimum-crew ship along the lines envisaged will
involve fairly radical chanres i1n manning scales, working practices, and
training and qualifications, all of which will be of concern to the relevant
trades unions, namely the !erchant Navy and Airline Officers Association

nnd the Hational Union of Seamen Discussions with the unions, presumably
nlso bringing i1n the Shipping Fedaration, will be needed to ascertain whether
the proposed changes will be ncceptable, or whether special arrangements

will need to be nepotiated
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T. ECONOMIC CONSIDERATIONS

- .

73 It is not possible at this stage to make a realistic estirate of the
cost of additional automation equipment required for the proposed shiy,

or of the effects on the costs of the conventional machinery and equipment.
Some guidance can however be obtained by making estimates of the cost

savings that would accrue from the reduction in crew and accommodation,
modified by sundry other factors such as probable increased time out o
service for scheduled maintenance and the possible increase in cost of
insurance, FEstimates can then be made of the maximum increase in

first cost, due to the provision of additional automation and other nquipment,,
which is acceptable for the project to be econozically viable, The extent

to which this permissible increase in first cost would also need to cover the
cost of development woirk would depend on what other arrangements could be

made for funding development, and whether the cost of development could be
spread over several ships

il The method of calculation used is that described in Ref. |, in which
comparisons are made on the basis of nett present values using disccunted

cash flow techniques. A computer program incorporating the above

method (Pef. 8) was used for the calculations.

75. The basis for the comparison was taken to be a 35 crew 100,000
tonne dw. crude oil carrier with a service speed of 15.5 knots on the Persian
Gulf to Western Furope route, It was estimated that the payload of the ship
would be 96,000 tonnes with a load factor of 50%, at e freight rate of £3.9
per ton eacalating at 3% per annum over a ship's life of 20 years. Three
different types of machinery have heen considered, namely a slow speed
diesel, a steam turbine, and an industrial gas turbine with simple
regeneration 1n the form of air heating.

76 The following assumptions were made for the basis ship:-
New building price = | TS
Owners' costs during building - £100 K

Residual (disposal) value of ship
Structural steel weight

Steel costs

Main machinery costs (all equal)
Labour costs

Building time

Length of round trip

Number of days in service per annum

Humber of days 1in port per round trip

Specific Tuel consumption:e
Slow=-gpeed diesel

Steam turbine

Gas turbine

(all escalating 8% 2% per annur)

£500 ¥

15,700 tonne
£80 per tcane
£750 K
S5

2.5 years

2%,600 miles
H50

]
4

35 1b/HP=hr on 1500 sec
fuel 2t 89 per ten
D% 1b/HP-hr or bunker C
at £8.5 per ton
0,46 1b/UP=hr on
(a) distillate nt 713 rer ton
(b) 1500 sec. fuel ai £9 per
ton + L% for fuel treatment
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Fuel used per day in port - 40 tonne
Crew costs -~ £110 K per annum =
escalating at 7%

UUpkeep costs (naintenance, repairs ~ £90 ¥ per annum

and stores) escalating at 67 <
Port costs per round trip - £6 X escalating at 5% .
Other costs (insurance, - £150 ¥ per annum

administration, etc) escalating at 5% _
Discount rate (rate of return on - 087

1nvestment)
Corporation tax - ho% -
Credit terms - B80% of shipyard price

over 8 years at T%
Profits are set against tax
liability for depreciation purposes

These figures produce the net present values given in

Column 2 of Table 2. -
7. For the minimum-crew ship it is assumed that:- -
i) The number of crew is reduced from 35 to 8, and wage

rates are increased by 30%, giving a net reduction in
crev costs of 66%. (Wages represent only a proportion
of total crew costs)

(?) The first cost of the ship is reduced by 3%, due to the .
reduction in accommodetion.

(3) The building time ia increased by 3%, to allow for the —
increased time required for fitting automation equiprent.
(This factor affects the timing of cash flows, but not
their magnitude)

(4) Time out of service i3 increased by 27%, due to the
increased time required for maintenance in port.

(5) Inkeep costs are increased by 10%, due to the cost of the
lncreased maintenance work required in port.

(6) Port cosots are increased by 2%, to allow for the cost of
shore-based mooring parties.

iy Insurance custs are increased by 10%.

78 These assumptions lead to the comparative figures pgiven at =
Columns 3 to & of Table 7 It will be seen from Column 5 of the table that a

sum of the order of £1 M would be available to cover the cost of the additional

automation and other equipment required (including any additional installation =
costs), together with whatever proportion of development cost it was necessary
to charge against the ship. It must be emphasised that it is not the total
uutomation costs that are referred to, but the costs over and above the costs
of present-day equipment It would appear that, provided the stated
assumptions are borne out, there is likely to be & substantial economic
incentive to develop & ship of this type.
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79. To show the sensitivity of the results to the various changes
assumed in paragraph 77, Table 3 lists, for the ship fitted with ..ow
speed diesel machinery, the seperate effect of each of the assumpticns
made, The effect of a change in any of these assumptions can be found by
simple proportion. It will be seen that the results are dominated by

the effect of the reduction in crew costs. The other favourable factor,
namely the reduction in accormodation costs, is also directly related to
the reduction in crew. The remaining factors, although significant, are
much smaller in magnitude.

Table 2. Comparisor of NPV of Automated and Basis Ship

1 2 3 4 5
Type of NPV of NPV for Change in NPV Increase i €. rst
Machinery basis ship minimum for minimum cost of minimum
crew crew ship crew ship to give
(autonated) the sare 1PV as
ship for basis ship
(£) (£) (£) ()
Slow-speed 1,808,000 2,542,000 + 6Lk 000 068,007
diesel
Steam 1,779,000 2,425,900 + 6L6,000 969,000
turbine

Gus turbine
(Distillate 463,000 1,155,000 + 692,000 991,000
Fuel)

Gas turbine

(1500 sec. 1,305,000 1,997,000 + 692,000 991,000
treated

fuel)
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8, THE USE OF COMPUTERS

80. In discussing the possible ways of achieving the proposed
objective and defining the systems and sub-systems required, mentior
has been made repeatedly of the use of computers, This is so btasi
an aspect of the project that it warrants separate consideration.

81. The progress made in the use of computers onboard merchant

ships has been rapid (Ref. 1) and there is no reason to suppose that

future developments will continue at any less a pace. However the

majority of computer systems installed to date onboard merchant ships

have been experimental in nature aimed at demonstrating the feasibility

of using a computer at sea or at developing a particular product or range

of products, It is contended that the general concept of using & ccmruter
onboard a merchant ship is proven (with the excertion of certain per r' corals)
and that future shipboard computer systems can be designed without *
necessity to demonstrate their feasibility by building a full scale experimental
system onboard a 'guinea-pig' ship. This does not mean that indiviual
items of equipment or sub-systems will require no development; ccns.derable
developrment of many of the navigational sub-systems will be required but

it should be unnecessary to demonstrate the Lasic feasibility of using
computers at sea.

82 It should perlaps be emphasised that the corputer/computers
visualised for use on-board & minimum-crew ship will differ sigsificantly
from the computers used ashore in computer bureaux. Tha coriputers

which would be used belong to a family of machines designed and developed
for the control of industrial processess or for military applications As
such they are smaller, faster, and generally more reliable than bureau
computers hecause they are designed to meet more stringent environmertal
conditions Computers of this type are referred to as process contro
computers, & name derived from the industries in which they were firs: nced
The decreasing cost and physical size of these computers has enabled
manufacturers of several current types of marine equipment which demand
some kind of internal computation, tc make use of small process control
computers as part of their equipment. Typical examples of this can be
seen in certain engine-room watch-keeping equipment, collision avoidance
radars and satellite navigation systems. The philosophy of the minirmum-
crev ship extends the use of computers beyond their use as data processors
within individual items of marine equipment to playing a vital role in the
integration of certain shipboard activities which must be accomplisher

if the manning level defined in Section 6 is to be achieved.

554 An examination of the functional req.:irements of operat)ng
a minimum crew (Section 5) indicates that somc form of computations
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facilities will be required fori-

= voyage planning
= weather routeing
- automatic position fixing
- course holding and drift correction
- collision avoidance
- shoal avoidance (anti-stranding)
= ship control (integration of powering and steering functions)
- on-line control of engine-room plant
- surveillance of engineering systems
- analysis of engineering data
- fault diagnosis
- maintenance planning
and - administrative duties.
8k . There are many ways in which these computetional requirements

can be riet and computers are currently being used at sea in all of the

areas listed above. Ref, 1 contains & table which summarises the shipboard
activities which have been or are being carried out at sea by computers.
However the shipboard computer systems used onboard the minimumecrew

ship must differ from the experimental systems described in Ref. 1 because:-

- they must operate reliably in the absence of
conventional back-up equipment
- there will not be computer development engineers in
attendance ontoard operational merchant ships
and - with a minimum crew onboard the safety of the ship
will be more readily compromised by a computer failure
than on a conventionally manned vessel.

s, Therefore the computer systems onboard a minimum-crew ship
must be designed from the beginning for:-

- maximum reliability

- high integrity (defined in this context as ability of a
system to continue to function following failure or
failures of one or more of its components)

- ease of maintenance.

86. There are broadly four different ways in which computer facilities
can be provided for carrying out the various applications listed abovet-

B, & All computing carried out onboard by one computer

Although this would appear to be the simplest solution it has
nany disadvantages!-

- the reliability of the entire control system would depend

upon the reliability of one computer. Almost any computer
fault, however trivial, would cause a major system failure

——
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although process control computers are designed to cperate
in a time-sharing mode and to allocate their computing
facilities according to the priority of the demands rlaced

upon them, if too many functions are carried out on one
computer it is possible to saturate the computer so tl.«
it becomes incapable of meeting these demands within
acceptable time limits

by process control standards this solution would require
a very large computer with considerable back-up storage
onboard, e.,g. magnetic tapes, discs or drums. Most
forme of hack-up storage are as yet unproven at sea

- even if back-up stores were proved to be acceptable
at sea certain programs would have to be permanently
stored in the computer core-store resulting in an uneccentable
amount of core-storage for a single computer,

All computing carried out onboard by several conmputers

The use of two or more computers operating in parallel with e
ability to back each other up in the event of failure is an accepted,
though somewhat expensive, technique adopted in air traffic

control schemes, In addition to increasing the cverall reliability
of the computer syztem this technique reduces the possibllit:

of saturation which could occur if a single computer was us-’  This
is also an attract.ve proposition from the raintenance viewpc nt
because only one range of spares needs ‘0 be carried onbcard

A variation of this technique is the use of several computers of
diflerent types. For example high priority functions, essential

to the safety of the ship would be allocated their own dedicated
nini-computer, possibly with 'read only' storage resultiag :; velter
data storage security within the computer sys*tem. These

individual mini-computers would be connected to cne or more
supervisory computers with conventional core-stores which

in addition to coordinating the activities of the mini-computers would
be used for low priority and off-line programs. In the event of a
catastrophic failure of the supervisory computer the individual
rnini-computers would continue to operate independently, but some
degree of manual coordination would then be necessary. This
technique appears to have been selected by the Japanese for

the nine-man crew ship which is currently being designed.

Computing shared between shipboard and shore-based computers

A third possilility is to minimise the amount of computing -~ j..pment
onboard by carrying out as much of the data processing as posuible
ashore. This does not mean that on-line machinery contrc!

will be implemented remotely over a distance of several thcusaonds
of miles, but rather that all off-line programs, such as weather
routeing, the preparation of loading and ballasting schedules,
would be carried out ashore, probably at the owners' office

and the results of the calculation transmitted to the ship. The
communication facilities would need be no more reliasble -r
available thar *hose currently in use, but with irpeoved
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communications more data processing would be done ashore.
Obviously in this siutation there is & trade-off between the
availability and reliability of the existing communication system
and the size and complexity of the shipboard computer installation

In this configuration the shore computer would be a large multi-
processing type installation with an appreciable amount of backing
store, and the shipboard computer system comprises several
dedicated mini-computers. The allocation of duties could be:-

Shipboard Computers Shore Computers
Bridge Position fixing. Fleet scheduling.
Autopilot. Voyege planning.
Collision avoidance. Weather routeing.
Shoal avoidance. Voyage supervision
Engineerirs On-line machinery Maintenance scheduling
control . Machinery trend analysis
Alarm surveillance Back-up fault analvses
and supervisory
control.

Emergency shut down
and protection.

First-line fault
diagnostics -

Fire control.

Ballast control

Deck On-line cargo control Loading/discharging/
Tank washing control, ballasting plans
Ship stress monitoring
Ship trim, draught,
stability monitoring.

!iscellaneous Communication Medical diagnosis-
processing.

In this configurat.on the shipboard computers would be used in
areas where:-

- they are essential to the immediate safety of the ship,
e.g. collision avoidance and autopilot.

- the data processing requirements are incompatible with
the use of a multi-purpose computer - e.g. on-line
control and machinery protection.

- they are essential for contingency operation if the crew
have to revert to manual operation - e.g. machinery
alarm surveillance.,
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92, The calculations which might be carried out ashorei-
- require large data processing capacity and therefore if

carried out onboard they would unduly complicate the
shipboard computer installation

4 - the processed data is not required onboard the ship, |;
‘ e.f. routine maintenance scheduling i]
r
- the input data is more readily available ashore, |
e.. meteorological information. !]
& 93. D, All computing carried out on shore r
i
{ A fourth possibility is the removal of all data-processing functions
i from the ship and carrying them all out ashore. The ship in
: this case is regarded as a collection of sensers and actuators
i linked to a remote computer by a communication link, Fven with i
1 the best communication facilities that are foreseeable at the present |
time this solution is considered to be impracticable, however it ,
| would be analysed in more detail during the project. ]
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9. RESFARCH AND DEVELOPMENT WORK REQUIRED

9L . In previous sections an indication has been given of the requirements

' that will arise for additional automation equipment in a ship which is to operatc
with the low level of manning proposed, and also of the other associated problems )
that will need to be studied before a ship of this type could be designed and put
into service. An attempt is made in this section to outline in broad terms
the research and development work that will be required, concentrating on —
Phase 1, since the outcome of this phase will determine in detail what is
required to be done in the later phases to bring the project to fruition.

1 3 .

E 95. If a decision 15 made to proceed with the project, then depending
on the precise terms of reference and arrangements made for participation
by other organisations, this outline could be firmed up and expanded into a

detailed work programme . -
96 . Reference 18 made to Fig. 3, which shows the various activities
1n bloek diagram form It will be seen that the work can be grouped under &=

. the following headings:-

(a) MNavigation and ship control
' (b) Machinery instellation
' (¢) Cargo operations

(d) Computers

(e) Other studies = 3
i (a) Navigation and ship control -
97 . Phase 1 of the project will be concerned with analysing in depth the
implications of navigating and conning & ship, in all areas of operation, with -
the low level of manning inherent in the minimum-crew ship concept.- .
; 98 Specific areas of study will include:- i
'l r
! - ‘in depth' analysis of the opera“ional requirements of
the navigation and ship control systems onboard the
selected ship type (althoupgh bridge activities are mexnly =
[ ship i1ndependent.), especially the operational requirements
! in congested water situations. Advantage would be taken
|

of the design study currently being carried out by the Decca
System Study and Management Division which 1s continuing
work already undertaken by the Royal Radar Establishment

under contract to the Fsso Petroleur Comvany. In

addition to the navigation and conning duties the o
operational requirements of the communication system will

be analysed In particular the duties of the radio operator

will be defined. It is anticipated that the demands upon -

the communication system of & minimum crew will be greater
than onboard a conventional ship and attention will be given
to freeing the radio operator from routine duties to give
him more time to fulfil his role of electronic engineer.
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- the implications of meeting the operational requirements as
defined by the above analysis with the proposed level of
manning, particularly the implication of operating with a
periodically unmanned bridge. Special attention will be
given toi=

- the nature of the position fixing svstem with regard
to autometic operation, gecgraphic availability,
accuracy and compatibility with other shipboard systems.

- the requirements of a true collision-avoidance radar
device, capable not only of detecting potential collision
situations, but also of determining and initiating
avordance action.

- the requirements of an anti-stranding system capable
of detecting underwater hazards at a range which w111
allow avoidance action to be taken

- the technical specification of a ship contrel system
vhich will integrate the above systems with the sliip's
propulsion machirery, rudder and propeller.

and - analysis of the extent to which knowledge of the
handling and steering characteristics of the ship will
te required in connection with collision-avoidance
and eutomatic ship control

99. Considerable research and development work is currently underway

in the United Kingdom by manufacture:r> of marine equipment sponsored in

some cases by shipowners and/or Government bodies. The proprietary
navigational equipment which will be available as a result of this research and
development could, with additional development, be incorporated into *he
minimum-crew ship navigation and ship control systems

100. During the analysis phase it will be necessary to define and to assess
alternative ways of meeting the operational specification and the possibility of
incorporating these new navigational aids into the minimumecrew ship navigation
system.  For example, each of the sub-systems described in Section 5 (Fig. 1)
could no doubt be provided within the total time scale of the project by a
collection of proprietary devices supplied by several manufacturers, they could
be interfaced to a small process control computer (ship control system) to
provide additional computing facilities required for use onboerd a minimum-crew
ship. Alternatively the ship control system could contain all the cata
processing capebility required for position fixing, collision avoidance,
anti-stranding, etc Both alternatives heve advantages and disadvan®ages
which would be identificd and assessed

101, Phase 1 will alsoc seek tn identify areas which require signi®icant
research and/or development &~ » initiate and in some cases to complete
back-up studies prior to thr c5mencement of Phase 2.
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102. It is anticipated that back-up studies will be necessary int-

- ahip handling and stability

- collision avoidance
- anti-stranding
and - the ergonomic design and nature of the control centre/

centres ontoard/ashore.

(b) lachinery installation

103~ The development of the machinery installation for the minimum-crew
ship will start from the base line prov1ded by experience with existing ships
operating with perlodlcallv—unattendod enfine rooms. It will be logical
therefore to commence with a review of the instrumentation and control facilities
fitted in such ships (which are closely related to classification sueiety
requirements) and of nxperlonoe in service. The aim would be to identify
areas where improvements in instrumentation and control facilities and in
machlnory design/selection/arrangement will be needed for successful operation
with engine rooms periodicelly unattended over longer periods with miniral
inspection and maintenance. Doth turbine and diesel installations would need
to he covered by this review

10k, An evaluation of alternative types of propulsion machinery will be
required, leading to & recommendation of preferred type or types. In addition
to the normal econonmic factors (first cost, running cost, weight, space occupled)

special attention will nced to be paid in the evaluation of reliability, raintenance

requirements, and safety under conditions of unattended oreration for long
periods. The period for which the machinery rnust be cannble of operatlng

with no significant amount of maintenance rust tr defined, In view of the
limted repair capability on board, consideration may need to be given to the
poss bility of providing twin screw, or twin englne/tw1n boiler, machinery to
enuble the ship to be propel]ed at reduced power in the event of breakdown of
a major unit. Some increase in first cost to provide this capability, or to
provide additional redundancy in the installation to obtain the necessary high
reliability, may be acceptable so long as the overall economic benefits are not
prejudiced.

105, Nack-up studies will be required on the followirg topice to nravide
a basis for the design of the machinery installation and the spec/ieation of
instrumentation and control equipment:-

(1) Reliabilit 1n view of the importance of achievine high
system reliability it is strongly recommended that use be made
of the techniaues of reliability analysis as an aid in the
design of the machinery installation and its controls.

These techniques are well established and enable quantitative
estimates to be made of overall system reliability from

data on the reliability of the individual system ccmnonents.
Valid service data on component reliability are not too
plentiful at the present time, and the institution of a data
collection scheme would he a long-~term project, In the
short Lesm, however, much useful information could ve
derived from the service records which several shipowning
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companies have accumulated in connection with planned
maintenance schemes, supplemented by data from raval

sources and published papers. Although the informat:.on

from these sources will not be fully comprehenslva, 1t is
anticipated that, when properly collated, 1t will be suff cient
to provide a ba51l for syste.: reliability studies, tc the extent
of giving valuable guidance on the degrees of redundancy
necessary to achieve the desired level of system reliab: lity.

(ii) Safety. Safety constitutes a study which is distinct from
that of reliability, although the two overlap to some extent,
particularly as regards the provisicn of standby equipment .
Present-day requirements for unattended machinery
installations include provision for automatic stvart- ip of
standby equipment, automatic power reduction or shut-down
to avoid hazardous conditiems, and the provision of a
comprehensive alarm monitoring system It will be
necessary o cxamine these requirements to determine wha:
if any, additional features will be needed for minimum-crew
operation, drawing on the results of the survey of experience
with UMS installations referred to earlier. As previoualy
mentioned, it will also be necessary to determine whether
the main engines should be chosen so a8 to permit operation
at. reduced pover in the event of failure of a major unit

Present-doy requirements place emrhasis on means for

the early detection of fire, but & greater degree of automatior i
of fire-fighting equipment (possibly still manually initiated) i
may be required owing to the small number of crew carried.
The possitility of arranging the machinery and piping so as
to incorporate special safety features (for example, by the
segregation and, so far as pussible, containment of oil-fuel
equipment and piping) may also repay study.

Gisacac

With regard to leakage and “looding, automatic bilge pumping,
supplemented by periodic inspection of the engine room,

should be sufficient to cope with minor leakage of water, but
means for early detection and warning of a major leakage
resulting from fracture of equipment or piping will be required,
possihly with provision for remote closure of sea-water

valves aitunted below the waterline. Special arrangements

to contain 01l leakages (with means for detection and warning)
may prove to be desirable

s Al it Al

It will b» advisable to carry out a formal safety

assessnent of the complete machirery arrangement as 3
desipgned, to ensure that all credivle farlures can ve dr6.t :
with without hazard to the ship or 1ts crew. %
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(11i) Other overational aids It is proposed that a study
should be made of the feasibility of providing the facility
of trend analysis, whereby changes in critical machinery
parameters are monitored to give information on deterioration
in performance well in advance of failures occurring, so
that maintenance action can be taken at the next convenient
opportunity. The parameters chosen will depend on the
type of machinery fitted, and operational experience will
be needed to confirm the significance of these parameters
in relation to particular types of fault and to determine the
levels at which maintenance is called for.

Automatic fault diagnosis by computer, based on an analysis
of the alarm conditions which preceded an® followed a failure
or automatic shut down, would in principle appea: to be a
valuable e£1d to a small crew in coping with a machinery
stoppage. The amount of analysis work required to develop
the necessary computer programs (which would relate to a
specific installation) may however be considerable, as may

be the computer storage capacity required. The question of
developing such programs within the scope of this project
W1ll therefore need to be considered in the light of possible
benefits, effort required, and effects on equipment requirements.

(1v) On-line computer control. It is proposed that the
poss1ibility should be examined of using on-line computer
control to replace some or all of the analogue controllers
conventionally fitted to main and auxiliary plant. Computers
cen provide more sophisticated facilities such as variable-
gain control, in which the coatroller gain is adjusted
automatically to give optimum control at all operating conditions,
and dynamic alarms, in which the alarm limits are altered according
to operating conditions. It is also possible to provide
greater integration of the various control systems in this vay.
It w11l be necessary to determine whether computer control will
improve firstly the reliability of the control system,
secondly the effectiveness of control and thirdly the economics.

106 The work so far described in this section will lead to the preliminary
apecification and design of the machinery installation and the associated
instrumentation and control equipment It 18 envisaged that as regards
machinery and plant this will include a schedule of equipment together

with disgrammatic arrangerments of the principal piping systems and & small-scale
machinery arrangement. Greater detail will be required where there is a
departure from normal present-~day practice. On the automation side control
system diagrams will be required, together with schedules of instrumentation

and control equipment, including computer equipment, and specifications for
computer software. Preliminary ideas on control room arrangement, in the
engine room and/or in a ship control centre, will be needed Documentation
will include reports on the »ack-up studies, and cost estimates prepared as part
of an overall cost study.
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107, This will complete Phase 1 of the wcrk on the machinery irstallation.
Phase 2 will comprise mainly software developrment and the proving et :=ea

of computer hardware and programs for carrying out specific tasks, ‘cllowed
by the more detailed design study planned as the ond point of this rbase,
Phase 3 will involve the detmiled specificaticn and design work necescary for
the construction of the actual ship, follcwed by prcving trials at sea

(¢) Cargo operation

108, Recause the cargo operation systerms are more dependent uncn the
type of ship than the navigation and engineering systeme, it will be necessary
to specify the ship type early in the project. Having specified the snip
type a detailed analysie of cargo operational procedures will be carried out
to determine the requirements for the cargo operation systems. As
lescribed in Section 5, it is anticipated that tc mchiave ¢he minimurm-nrew
level of manning it will be necessary to use computers/cormruter for
planning, implementing and supervising cargo ojerations Altnough

exact nature of the computers' function in each of these arees will ievrend
upon the selected ship type, for the combination carrier used as an evample
throughout this report, the work precgramme would include:-

- analysis of the requirements for a suite of programs
capable of evaluating a loading plan from & series of
loading invtructions taking intc account.-

- tyre of cargo
- shir stability, draught and trim requirements
- ship streass

resulting in the specifications of computer programs end
the definition of the size and type of computer require+ fer
their irnlementation

- investigations relating to the on-line control of carg:
handling This is most applicable for wet bulk carge
although other types of cargo would he considered, Ttems
considered would include:-

- centralisation of control ard monitoring of
cargo machinery

- the integration of the cargo machinerv and the
main enpineering systens

- irtrinsically safe transducers for rermote measurcriort
of tank contents and etroarncres

- » poasibility of telemetyic control

- faciLlities to be provided (cor lwumar supervision

and/or intervention

These investigations would aim not eonlv at finding sclutions
to problems but at identifying specific areas requiring
back-up studics

- analysis and specification of a ship ronitoring systenm
which will monitor ship draught, trim, stability, and s‘ress
not oniy during on-line cargs handling but sl !




11-116

109. It is anticipated that the cargo operation systems with the possible
exception of collision avoidance, will require mcst software development
therefore it is important that the data processing requirements are clearly

defined in sufficient time for them to be included in the specification of the
minimum-crew ship computer system described in the following section (9d).

110. During the analysis phase it will also be necessary to assess

proprietary cargo handling systems to determine their compatability with
the minimum~-crew ship concept-

(d) Computer Systems

111. During thie phase of the project various options should be identified
and 1nvestigated relating to the type of computer hardware which will be
available and the configuration in which it could be used. The relative
merits of a single shipboard computer, several shipboard computers and
combinations of shir-m~ard and shore-based computers wili he investipated.

Of particular imporia..ce will be a survey of the communication facilities
which would be availabie during both the proving stage of the proiect and
during the operational life of minimum-crew ships, and the size of shore-based
computer requirements. The results of this part of the project will be:=-

- the identification of the hardware options
- the formulation of criteria by which these options
can be assessed
- preliminary design recommendations for the configuration

of the minimum-crewv ship computer systems.

112 Final recormmendations cannot be made until the specific hardware
and software requirements of the engineering, deck andi navigation systems
have been defined. However, knowledge of the exact requirements (e.g.

total storage required) will not preclude defining the general computer and
control philosophy at a comparatively early stage of the project.

113 During Phase 1 users of shiphoard computer equipment, equipnent
manufacturers, and statutory bodies will be consulted to:-

- collect date relating to the performance of computer/electronic
equipment at sea. Among those consulted would be the
Yhite Fish Authority, the National Environmental Pesearch
Council, ' 0.D (Il ), and certain ship-operators. 3G
should be emphasised that B.S.R A. itself has considerable
experience in this field through participation in the '"ueen
Elizabeth 2' shipboard computer projiect and the development
of electronic equipment currently used for data collection

at sesa

- determine the availability and suitability of proprietary
shipboard computer equipment, and process control
computers

- ascertain the views of statutory bodies such as Classification

Societies in particular to identify prior to Phase 2 equipment
and/or techniques which would be unacceptable onboard
an operational merchant ship
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L1k & Phase 1 will also include the identification and initiating of back-up
studies which will he required to provide information for the later work of
Phase 1 or during Phase 2. For example it will be necessary to investigate
the installation, commissioning and operation (including maintenauce) of
computers onhoard merchant ships, especially aspects such asi-

- provision of electrical power to shipboard electronic
equipment
- environmental protection of equipment (temperature,

humidity, vibration, corrosion)

- earthing arrangements and protection of electronic
equipment from damage due to electrical transients

- suppression of electrical interference from electrical
machinery, radio communication equipment, radar
equipment, etc-

- servicability of equipment

- fault analysis and repair techniques

- spares holding philosophy

(e) Other Studies

Wl ¢ It will be essential to the success of the project that any problems
which may arise in connecticn with compliance with legal requirements,
clessification, insurance and acceptance hy trade unions, should be identified

at as early a stage as possible and given detailed consideration. Investigations
of these matters will be required as discussed under the heading 'Administrative
Implications' in Section 6. Continuing consultation with D.T.I. and the

selected classification society will probably be required during the course

of the project study.

S okl
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10. CONCLUSIONS AND RECOMMENDATIONS

NTATION
The Project
116, Proposals have been described for an wutomated ship project based

on the concept of ninimum-crew operatlonr This concept implies that

there is some minimum level of manning below which it is not feasible to
operate without going to a cormpletely unmanned ship (A crew smaller

than this would not, it is thought, be able to provide adequate manual back-up
and would be unlikely to form a viable social unit for extended voyages)

117. It is envisaged that the proposed ship would operate with a
per1od1cally-unmanned bridge i1n open waters, and a periodically-unattended
engine room at all times, except when bringing the machinery to the 'standby'
condition and when shutting down after ‘finished with engines, "’ Congideration
of the tasks to be performed, both in normal operation and under fault or
emergency conditions, suggests that an eight-man crew, dual-purpose

trained, would be adequate.

118. The implications of operating with a crew of this size have been
discussed 1n relation to the automatic control facilities that would be needed
in the three main areas of navigation and ship control, machinery operation
and cargo hendling. Reference is also made to matters such as legal
requirements, classification, insurance and union acceptance .

119, It is considered that the proposed project is technically feasible
and economic calculations indicate that there would be likely to be a substantial
economic inventive to the shipowner

120. The factors affecting the choice of ship have been discussed and a
tentative choice has been made of a combination carrier of about 100 3000 @ %%
Much of the outcome of the work would, however, be ship type and slze
independent, and an alternative ship could be selected without greatly affecting
the content of the development work required.

Planning

121. A phased programme of development is considered to be necessary,
and three phases are envisaged as follows:-

Phase 1  Analysis and preliminary design, leading to the
outline specification of the ship and its machinery,
and the detailed specification of requirements for
control hardware and software

Phase 2. Design/development work on control equipment and
software, and proving of individual applications on
(possibly existing) ships; more detailed design study -

Phase 3 Implementation, by the design and construction of an
actual ship, and proving at sea.
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' 122, At the end of each phase a decision to proceed would be dependent
on the outcome of that phase, and on the acceptability of the more detailed

and precise estimatec then possible for the work content and cost of the
l‘ remainder of the development work, and for the cost of the ship.

123, An alternative plan would be to integrate Phases 2 and 3, which would
imply that the proving of individual items of control equipment and of associated
goftware would need to be carried out on the project ship. This would
necessitate providing conventional back-up equipment for certain of the
control systems, and greatly extending the proving period of the ship. During
this period manual operation of the bridge would be required, so that the
number of crew, and the accommodation requirements, would probably be little
less than for a conventional ship. The capital cost of the ship, and the
operating costs during the proving period, would therefore be at least comparable
with those for a conventiona! ship. On the other hand, it could be
! anticipated that the ultimate objective would be reached sooner than if
. Phases 2 and 3 were carried ou* separately, and operating costs would be

reduced once minimum-crew oreration could be effected.

I Orgenisation and Control of the Project
o
12k, A project of the type proposed would need to be organised on
‘ co-operative lines s» as to draw on technical knowledge and experience from
’r the three major industries concerned, namely shipowning, the manufacturers

of automation and computer equipment, and shipbuilding, including the

- associated engineering equipment suppliers. Shipowners would be concerned
l with cn-board operational requirements and organisation; equipment
. manufacturers with the performance and capabilities of their products and

- their possible adaptation and further development to satisfy the operational
| requirements, and shipbuilders (possibly through B.S.R.A.) with the
: '. characteristics of the systems being controlled (including the ship itself) and
also the detailed integration of engineering and control equipment with the
total ship design. Additionally specialised knowledge could be contributed
in specific areas by classification societies and regulatory authorities,
Governmental research establishments, and possibly also universities and
polytechnics

125, The detailed organisation and cnntrol of the project would be to

some extent dependent on the method of funding, as discuzned below, and

on the degree of interest and cooperation forthcoming fron the various sources
Participation from a particular industry might be arranged though the
appropriate industry organisation (e.g. Control and Automation Manufacturers'
Association, Chamber of Shipping) or alternatively directly with one or more
large companies within the industry.

o—

“.

126, The machinery set up for overall control would need to provide for
representation of the various participating and/or sponsoring organisations.

Sgonsorshin

127, The extent to which a company or organisation can be expected to
be a contributor (either financiaslly or by active participation) to such a project
will depend basically on the potential benefits to the company or industry

l’
|
!
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concerned. Equipment suppliers would clearly benefit from the opening
up of a new market for existing products, or from the ability to market
new or advanced types of equipment. Shipowners and shipbullders would
beneflt from being in a position respectively to operate and to market
snips which exploit technical advances giving more economic operation.

128, Sponsorship could therefore reasonably be sought from the equipment
manufacturing and shipowning industries, and given a measure of such support,
a shipbuillding industry contribution could also be made.

129. Further, in view of the probable benefits to the relevant sectors
of British industry, including the increase in export potential that would
result from the successful implementation of the automated ship project,

and bearing in mind that somewhat comparable prolects in other countries

have received a conslderable measure of financial backing from the governments
of those countries, it 1s considered that the project snould seek support
from U.K. governmental sources.
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APPENDIX II-6

COMPUTERIZED AND CONVENTIONAL

SHIP AUTOMATION PRODUCTS OF NORCONTROL
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Contents:

Comnputerized Ship Automnation

DatiBridge - computerized anticollision,
navigation and iutopilot.

Datal.oad - computerized load calculator

DataTank - computerized monitoring of
louding ard unloading.
i ! DataChief - computerized engine room
ALY automation and maintenance
; prediction,

_Conventional" ship automation

11-1:5 AUTOCHIEF II. Main engine Bridge
Control,

EO/UMS-system: Complete Bystem
delivery for unmanned
machinery space.
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DATABRIDGE ' _1

' ¥ n
DataBridge Integrated Navigation, :]

The steadily increasing demands made upon to day's navigators
due to larger, faster and morc expensive ships are creating a
need for better navigational aids.

DataBridge is such an aid giving improved safety and reduced
operational costs,

The system consists of the following subsystems:

a) DataRadar an anticollision system.

b) DataPilot a sophisticated automatic pilot.

c) DataSailing 1 a navigation system based upon
signals from log, gyro and celestial
observations.

d) DataSailing 11 an automatic navigation system basecd

upon information from electronic
navigation receivers, including Doppler
5 Sonar systems.

c) Datal.oad an advanced load calculator for tankcrs.,

Why integrated navigation?

The integrated navigationsystem based upon the utilization of computer
is the technology's greatest triumph against collisions and pollution-
disasters at sea.

- Integrated navigation gives 1009% utilization of the
various navigational aids.

- All navigational functions are gathcred in onc console,

] - Safety combined with economical savings,




1r=129

¢
Increased safety is a major factor when considering DataBridge
(DataRadar for anticollision and DataSailing/DataPilot for anti-
grounding). The investments in DataBridge is considered to be
a low "insurance permium" for the increased safety,

DataBridpe involves a direct basis for pay back, as also reported
from actual installations: g

Typical figures of
improvement:

- More accurate navigation and improved
routing through DataSailing and DataPilot,
intcgrated with Satellite Navigation 0,5-1,0%

= Increcased speed due to an improved

autopilot optimizing course deviation/

rudder movements 0,5-1,0%
DataRadar - Anticollision System,
The utilization of anticollision systems seems today to be a
necessity to reduce the risks for collision in heavy trafficated waters.
The philoiophy behind the DataRadar is that all the necessary
inforination as regai«is the traffic situation should be presented

on one screen,

On the DataRadar the navigator can sce a normal radar picture
together with the presentation of course/speed vectors etc.

Operational features:
- Automatic tracking of 15 targets.

- Presentation of the normal radar picture and target vectors
indicating targets posi‘ion, speed and course,

- Continous updating of course and ppeed changes,

- Automutic acoustical and visual warning of collision
danger for targets predicted to come inside CPA-Limit,

- Automatic and manual simulation of collision avoidance
mallcouvre.




DataSailing - Computerized Navigation

I=d50

Range of display: 6, 12 and 24 nautical miles.

Up to 12 different display modes of true motion, true picture
and rclative motion - all in North up or Head up modes.

Heading marker for owa ship.
Manual range/bearing marker for any echo or fixed point.

Automatic fault chcking program for computer and system
operation.

Numerical display for own ship and target. Information:
true spced, true course, range and true bearing of tracked
targetr, CPA to tracked targete, time to CPA and suggestcd
collision avoidance course.

Interface to external equipment:

Ship's normal radars.
Ship's log.

Ship's gyro compass.

Reports from captains:

Clear picture and vector presentation makes it possible
to navigate safe in heavy traffic without unnececssary
reduction of speecd,

Captain knows other ships movements.
Time saving is possible.

Use of the anticollision system evidently reduces the stress on the
navigators and improve the safc navigation to a considerable extent,

Datal’ilot - Computerized autopilot.

DataSailing is the navigational part of the DataBridge system. The design
philosophy is based on the fact that:

About 47% of all wrecking of ships are duc to grounding.

It is evedently important to know the ship's exact position
and to keep the correct course.
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- Through today's means it in possible to improve
navigational accuracy and thus reduce sailing
distunce.

DataSailing incorporates these features. However, the full benefit
of DataSailing is not reached until automatic steering of DataSailing
course is provided through the DataPilot system.

DataPilot is therefore based upon the design philosophy that:

- Automatic steering shall be based on great circle or
loxodromic course which if continuously updated for
drift. (Through the DataSailing system.)

- By ueing computer technique one obtains a higher course
accuracy with less rudder movement and thereby a
higher average speed.

DataSoiling 1,

The DiataSailing 1 svetam is based upon interface to ship's log and
gyro compass together with manual input of up o 10future turn
points on the ship's sailing route.

- Automatic dead reckoning based on signals from gyro/log.

- Calculations of Great Circle / Loxodromic coursc between
present position and next preset turn point.

- Manual input of set and drift corrections.

- Continuous updating of correct Great Circle Course,

- Calculation of ¢stimated time of arrival (ETA).

- Calculation of time and distance between turn points both

for Loxodromic and Great Circle Sailing.

- DatuS iting Course given as a command to the NDataPilot
system,
- Warning when approaching turn point for change course.

DataSoiting 11.

The DataSailing Il systcim has the rame features as mentioned under
DataSailing I, but includes also the navigational benefits from:

'
|
r
E
|
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- Automatic position fixing through:

Satellite Navigation a complete system delivery based upon
automatic input of satellite signals to
the DataBridge computer. Programming
is to made for the Magnavox, ITT and
TOSHIBA satellite receivers.

Decca Navigator interfaced to DataBridge computer.

Omega Navigation Omega receiver interfaced with DataBridge
computer, - The Omega chain is expected to
be world wide in 1974/75,

Automatic position fixing based upon the above systems forms the
basis for following:

- Automatic correction of Dead Reckoning position.
- Automatic set- and drift-calculations.

- Automatic course compensation for set and drift.
DataPilot.

The DataPilot system is an improved autopilot based on modern
control theory and the use of a digital computer.

The DataPilot computer system gives the best possible course
accuracy and increases the ship's overall spced.

Operational features:

- DataSailing course: automatic steering of loxodromic or
great circle course as calculated by the DataSailing system.

- Manual course: steering according to a fixed course,
manually set.

- Rudder control: direct control of rudder zngle.
- Fixed turning rate for change of course,

- Manual change of tuning parameters (tuning to ship's
steering characteristics. )

- Self checking program for detection of system or computer
failure,

.

L




Bencfits from DataPi

lot compared with conventional autopilots:

Less course deviation,

Less rudder angle

Change of course with fixed turning rate, giving a smooth
turning without overshoot,

Integration of DataSailing and DataPilot gives automatic

navigation at close

by 100% correct course,

T T . e e e oo B e s
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Datal.oad - Computerized Load Calculation.

Datal.oad is « computerized load calculator delivered as a

program to be opurated on a NORCONTROI. datasystem e.g.:
DataBridge.

Datal.oad calculates very accurately the stresses on the hull,
the deflection, the draught and the stability,

Datal.oad ie designed with a view to operational requirements
| of modern supertankers and specialized liquid cargo and dry
‘ cargo ships. One of its major advantages is the accurate
calculation of draught midship, fore and aft, making it pos-
sible to load more oil without exceeding draught and stress
limits,

Dataload CC (Crude Carrier) was developed in co-operation
with A/S Computas, a subsidiary of Det norske Veritas.

Specifications of DataLoad: ’

Strese calculation._

A load distribution suggested by the operator forms the basis
for calculation of the resulting shear forces and bending
moments. These are accurate enough to be compared with

the actual maximum stresses permitted by the classification
gocicty, giving the fullest possiblc use of the range of permis-
siblc stresses,

Trim,

|

Initially the trim and draughts are calculated as they follow -
fronm: the loading condition. Then the bending moment and shear

force deflection curve is corrected for the temperature differences {
between deck and keel, and the resulting draughts given. This
enabling loading of the ship to its full potential.

Output information

{ Working from the tonnage and spcecific gravities at actuzl temperatures
and 60 F, Datal.oad calculates and prints out:

Gross and net US Barrels and cubic t=et (or m3)
tonnage, percentage full and specific gravity for
each tank,

The relevant printout imay be filed directly, which is convenient
for on-board book-keening,
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Loading check.

¢

DataL.oad provides a means for quick and casy checking of the
load situation after loading, as the sounded ullage value for
each cargo or ballast tank may be given instead of the tonnage.

Stability calculation.

The ship's KG is calculated and compared to IMCO's recommendations,
or alternatively the GM is calculated. In addition, the draught forward
is tested against the minimum requirement to avoid slamnung and

the submerged part of the propeller is calculated.

Communication with Dataload.

Input to Datal.oad is arranged 8o that the computer asks for the
recquired information, to ensure that the input procedure is
followed correctly, A standard teletype, which may be placed
anywhere in the ship, is used for the communication.

Hardware configuration,

The required hardware configuration is:

- NORD-1/NORD-4 computer with at least 5. 5K memory
available.

- Teletype teleprinter.
- Paper tape reader,

The systent may be operated on a standard DataBridge system
whilc the DataRadar sub-system 13 not operating.

The systemn may also be delivered viith a separate computer.

All-core Datal.oad.

A's an option tiie system may be delivered in a 'core only'" version,
where the whole programn is stored in the computer at one time.

A computer with 16K memeory is then needed. Thie 1y be achicved
c.g. in a DataBridge system with DatiRadar, Dataoailing I and
DataPilot. Tt should be noted that this operation mode is not
standard and will include extra cost,.

Delivery to new ships,

NORCONTROI. deliveres Datal.oad complete with calculations
and approved by Classification Society for the maiden voyage,
However, the feature ullage/sounding input and output cannot be
delivered until the final ullage tables are ready from the yard.
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Fig. 1—-DataTank Principle
The levels are measined by the diptube
method, The pres-ureg repieaenting ‘evels
or Specihe giaviies  are cnoLerted 1o
dimital siqvaits; i the transduc crs and A/D.
convertess The computer ¢ ToIvus s
wlaroation cad i mlon e ¢aroo
lmding ofticer of jhg o o deven sty
and  swress swndan, Tl Fivout of the
SYSIem pernte Cxlension 1o mctyde valve
and puinp operaiion from (he conmter,

Reproduced from
best available copy.

cost of off-hire for hull
for oil pollution, the needs

for systems that ensure safe loading /unloading of oil
is obvious. NORCONTROL h
the cargo monitoring system
increase safe

as therefore developed
DataTank, that will
ty of cargo handling operations and
reduce the risk of hull damage.

DataTank | (DI-1)  oifers  anline
monitering of aney Cargo hantling (uera
t o enboard <l mvalving hiGuii, cover.
ing Cither hanzinng f hquid anty o bgaid
CArGoNs in comlinalon with ore o buth
caraues,

DataTank | monsures disnahts e
tank contents contimcously in ordir 1, cul.
culate and check hull SIreseen, Ay,
draughits, cargo weight and tot.! diaelace -
ment,

The aim is to ensure safe Opeiaiing of
the sy, thercthy excluding dors e o the
bull end loss of tinve gue g Bt e nt
loading instructions or neglect i Lohalf
of the operatcr,

DTl is conpenid of the folinsving
sub-systems :

Laialevel
rmcantig g

Dataload —A complote sty and
SHUSS andiysis compater PG

Coraputer contiyl Dovel

The basic leatures offered 1y L,
bevel are s

1) level nicisurimy of e O, Slop,
tast, and fusl ol b o

2) draughi Measnzing o four ;oo
aft, fnrword, ndship poart i o,
bomd;

X
=

high, love, and separate o OV
level alarig:

4) digital and analog preseination of
all tank hevels;

5) streamlined operator comim: et
tien;

6) measiring aceuracy ¢
0-100 per eont of the 10, -
17 of 1l tov e
90-100 par cent of the sani:
107, of 1ol v
0- 10 per cent of the 1l
12e of fult v vol

7) measunny of liquid density

Y | P
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The feataas offered by 2atdl oud ore

i) eceuratn asecntinont ol shaar
[ gy and bombne naanentsy,
1) ealcilation of ek woening heght
in) alarm an deveinpauent towafrds
dangerous  strety stebility
situations;
)

continuous updatng of calcutated
parainctere.

Iv)

The ba«.c version ol DataTank | offers
nonitorary alone, but it dregn prowides
for caiy exiersion to veranns oflening
process contret The systam cnnfiguration
i3 shown m principle in Fap 1.

Specificatinn

PateLesdd ivvel measurning

Norcontrol's waide expunciice vath conven-
tional lave!l measunng sy tems lurmed the
Lasis lor the developmeat ol Dasatevel
Tho sy st v dosigned i oty lor use
wita e DI systen, tabang 1ot advant.
aqe of the wdiorent simpheny .nd refnbibity
of the d tuhie ancthnd, whoh e farther
stiengthan d by the et nuive sell-check-
ey procedines,

The porgaorca: ol Datatevd s to feed
the ey b 1 contnnou sathinforraa:
tion on 1ove! e the tankey density ol the
cargn nced aciaal dronaht ot 10ar points

el hulh gtewns e e
e Pt

calculat

|h-, 1
Lioved s i
A tubie 1.1

1 by Dot
Upotube (or ooy method,
A ised vesrts iy tee Tnpud
to g pon esrge e g T oy iy ahnost
rouel r: the baitum of the b Wige ?
Air i 10 o e uppec openng of
vhe tube, i d e pressieg Eith encuah
e, S 00 cape frem te tube At the
lovier i The
1 C

tube s

stanc pres:
: ppewng and
the g,

pres.me mothe
s the s ot !
qge in et attne o
thy g, presonre ahous
Wik wiasia praceyre i e
Rl il s lewel 2ot
meane i1 wehon the G 1y b freasurcd
with 1 iry accuvinay, and thaar, the o
R0 w the
be <« ek !!
HRA I KA
the ¢ 1!

hqurd de-
Junsdgy This

tebe, the Tgng level may
plvrays  Lorerootes it
cute abcs th hepond

Thie Loasil pringe !
mita e 15 the empe o
take v i
angd 1
and

1t deauaht
1t for the lovel
wiever, Lot case ol babist
torks the don oy e n2t eased,
v oranualty anscrtal volues are usal

-0 laad

DAt ond takes the inaasured levels
frora Lotabeved, co'C
volun’, tinieqg inta acco® the measured
trim, o the total ©7¢ fhis replaces the
ot ¢ rput of déta 1 U teloaa ofl-line.

M. b use of fored dota for the sh'p,
Datol ¢ ol ccleulates ihe imetecentne henht
(G1Y). <hear

the  actual

$i%s

force's. ben ing moments,
deficaone and drauchits wong the hull.
Calew'yeed and  maasared draunhts  are
compred; the GM s cotpared to the
Bmitie va'lue; the sheas lorces and bend.

ins aems are ¢
)

1"y ¢vir | 3ganst the
clict e tnn soricty ontd

s Apropriate o cnte ol b sound:zd
it the or.come ol any of these checks 18

out of lucits,
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Fig. 2

Operator's panel

U4 i equpped with a communication
console desiyned for rasy reag-out and
oparatinn, (Frg 3)

There are two alpha-numericol dis-
plays, cach af cigld 272.charecter lines, One
in uued for continlious display  of tink
| sc's and densities. The other s uned for
acazal informatien, e total coargo and
dieplacement; draushis, trim am Led, alanm
messades; and opurator communication,

D1-1 may be Lupplied with an analeg

jeof ndicator for cach tank, o give 8

m
cop¥

Juced lro
E:E'rr *vailable

|——_~'.‘:E_—._.:.‘-' — e e T N ey =

gunera! imprngsion of the lond situation.
Thus 1 oty mnnnted on g numie i iranm,
nonn illy ahove the Vvalve upetation paned,
and oto updated pontmaansly  whiln the
measnnng proceads

ficlow the digita dinplays 15 & prsh
puttan e duaram s 14 usedd 10
sprcily  tanks for gl dispiay, fast
gsamplag, homt alteration antd duensity input
and als to flash Lanp 1epreseniing the
tank buing measutid at thu moment

The remaning puish-buttans give the
operator access o the “Communcation
Functions', Alarm Acknowledae and Sys:
tem on/oll. There i also u numerncal key-
board.

The intention has been 10 make the
interaction between the operator and the
systcm sunple and staightforward. fach
communication function 15 cleatly detined,
ond the onteting and orerating procedure
for coch function 15 cunsistent with one
basic poattern.

Alarins

Fig. 4 shows the DTl slarm limits. The
overficwy alarm system s fully independent
of the DT systenw.

Alarms arg presented on tha diqitel
displity, on the teletyprevoriter and on the
alart lamgps situated neat to the cralanue
displays. There ae atarm lamps for iah
and lows levels and overllow,

Altog,ether, D11 Gives the fullovimg
aleerms nn ME3SUINIENTE .

o5 lastument liits
& Fived level linits, fut vnd emptly

¢ Novable level  hmes,  oppure 1
low?er

¢ Level sate linits, highest tachiracaliy
possible filling o cinptying fote &

Fig- 3
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high level limit
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N T anl fiecd 1w leel
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Print-out
On request DIl poats out the following
information ;
O Tauk contrnts:
weinlit
volume
lovel
7 il
Q Muasured donity
¢ Total dipl.coment and cargo
¢ G .
2 Tnen, list, ¢7 nghts
¢ Shear fornes
O Cending oo nts
I vddition, o Gl and operater cetions
with @ heanan ro thy momtormg ol thu
proseas are logaed sntomatically.

Pevel mzasuring ploo?

fag. O showes the pormnatic eircuty of a
etalevel fevel me suang plaa g prine
Cple, Theoe are thacr measurng tubay for
each eargo tiet twa for each slop tank,
ane for cach U Lot anie and fnaby one
for coch drinatt aasuong gt One
tube vees ta o bottona of tiee cartgn tank,
thi: socond g 5 dovan 1o aporosimitely
5 per cent of 0" tevel wothe tank, The
thire 13 @ Gao jue e compensating wile
et the top of e tonl as the ooy prossine
hnve the (oo i rommalty ddicient from
the etnreaptore 4 n catei's the ik
A cornpeone b b ke the s alen used
ircthe nlop tid s

The e o il nocantrol valve:s con-
tinvausly suyepey bul tle i 1o the reeasur.
ina tubes, oo fooeah abe,

Iiey means th o wnth o aeoll pigssure
drep moeacl tabe from e panc! o the
paearuning g oot the press o drops vl
baiwnce in the cane of @ Corgn tank, winle
for a Guollasr tuk they @ conswant and
vithaut signeeoance

The jne are of oiflerential pressure
signals rerce tnrtag levely o the ankis
are converted to ansley elechics! gignpls
in the pressore transaecets, Thesa signals
pre in torn co nveited to digital signols and
fed into the guoputer

The preesuce signals trnm the measar-
ing tules we ennt ceted 1o the gh and
fows pressuie Lades of the ditferennal pres-
sure transmatiers by two o thiee-way
solenoid vaives, The computer opperites
the spprap.iite valtyus according to the
tank mgasinine ccouence

Tho Datalevel :ottware usos the me
farmation Trotn the transmisters 1o issue

AL

digital and weolog level display and hegh

~138
and low level alarms, 1T-15

The fiquid manameter shown in Fig 2
has twn functions. It i, used in connexion
verh LT a3 a wiry accusate pressure andi-
cator lur testing and cabb.aton of pres-
sure tensautters. 1w well s then con-
nected in peradtal with the high pressuto
gido of the wansnutter to be tested, and
8 proscuie is apphaed hy turnmg the handio
of o picusure control valve on the front of
the Uatalevel panel. It ¢an olso be used
for il measuning of level in case of
computer break-down. .o

Centralized manual level measuring

A nionust hack-up f2vel nicasuning systrm
is necestar, in case of bieak-down of the
computer or the computer interface cquip
ment. The manual level measunng systen
delivered as standard vath the DT system
ecnnssts of three columns on o haud
manometer, one for port, one for certre
and one for starboard tianks. Eaeclr eolun*n
measures the full level in the tank, and for
thi cerqo tanks compensatien is made for
gas pressure,

The tanks to be measured are selected
by pressmng tank selector push-buttons on
the DataLevel pancl. Mode selector push-
buttons are also fuund on this panel, and
it is possible either ta measwme the tank
in question or manually clean the mcasur-
ing thrs qoing to 1. The mode push-
buttons cie dlso uvsed wh notesting the
presuure transducers, which normally fecd
the computer veth infurniauon abeut the

Gas press/vac
valve

o

levels, ogainst the liquid columng na the
manoriuter.

The manual level messnnng plant is
also used for a detated eznnm.naton of a
measurng tube which the computer, v
the normal ennunudus tesirig procednte,
has repoited to the operatur to be ma.
functioning.

The pownr supply and all oifier paits
of the manual level measunng system oo
independent of the computer und interlece
cquipment

Seli-checking leatures

It is very important that a system s com-
plex as this can tell whether its resulty are
rehable or not. Self-chicking proceduies
fiave therclore been made a major fecture
of the system, starting with the dip-tube
in the ‘@nk and continuing night throuah
till the result s visplayed for the operator
and printed on the teletypevaiter.

Each dip-tube is tested in turn by o
method developed ot Muteontrol. Leaks
or obstruetions restricung the ar flow are
reported by the alarm systen

Magnetic vaive solenuids and cables
a‘e cheeked fnr short-circunt or broken
connexons, and the transmitters and ana
log to digital converters are tested cach
time a measurement is made.

The entire electranic mterfaze system
is tested megularly, and the “Pancl Test”
involves &' push button  contaets  and
famps, alplia aumerical displays, keyboard
and tank level indicators.

NAF level

transmitters

. /
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Sysicer conlipation
Ol can be delwesed with 3 separute
Camputer or share one vatn Datafirid)e.
The Iatter afternative hists Wie operator
to usyy no more than uie opstrm ot a
ving Tie disadvatioge with this afranae-
ment s thoat, when {or camiple wasming
tan«s at 03, one hes to chioase Letvseen
Ditultid o ang Datovank, winle they are
both nead: d

DotaTank iy therefore recommended
s o ot cuntaned systenn vath its own
COM et

The equupment in the syetem is shown
nopeirepie an Fige 50 The copputer and
inteebn o clectionies are poloacd ineide the
conmmunic 1tion console, Thie fevel meanr.
ing systooas built anto a sinnbir consale
OF & Soparale pangd,

LI eormines that contral oparation
of valven aad pumps s ooanable from a
pocait s s to the DT commumcation
congate

Opestany' md econmieic sdrantuges

Tho prrece of @ cargn innn tnnng system
s ounnraviinent ol hoth cafrty wnd econ.
any. o vchnical terean g msiens pen.
vidiy ool bog el ancw e level measur
G s, vath gecierate load calenlaans
A corrtar o ot Jaih i nog SRSy L0 pro
wide, e niining of heh ctiscez to ieduce

huall e At the sorree Lo gl system
muet b Ve 1 0, gLt the SHe,s
cn th 1o, b, anpiovinny gaicty.
DTV bde ot e g and 1apre
St by siep forencd drom eunvan

tonal boo !t neanutingg syateine

It fasd

Tl v m o hot™ Lt bl tobe and
flor ¢ B8 syaticae, etite'e tellnkg i
ustiaily e et oty al
fau'y,, ' batboistie tubree any, lents and
vhetrn veheeh e Dot vl be dee
et d aoreeiy Ly 1t tuhie tiee
Jloe e thteg-tith o .ment aleg
3] aangoefog) [T e N TUN AR
vl X o=t bt I T TRMEN T FR-TU0 S
AR U B 1) (R EAIT I pentgaetty by

o !

Fread. o
For roovi et of fWeedty e thore ere two
mno, Ot

i) ey g reeintpn:

Y ety st out e vatation
fo D)1 this [ bicon aa'nevetd ol

NG gt gt and §oeer o

analury Cieplya ane ‘o0 v en k. Theas

gy L Dot i gny Ciay conurment
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for the cargo opuration,
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Fig. 6 From diptobes in fanls
Neerine d steenath Even though loed caleuloti: 40y
£ g advaituwe of bubble tube systems  beon conmon for o nunher of SGP, wOE
is the strenyth of the equipment on dach  the yards equip thon Lhine with o Ol
and in the tonks, loadhng rurloading. load ¢ ileulat vealy
Bundlis ¢f thece tubes of 10 mm x 1 give the validity ¢f the Tind thad ¢ 7:',
e bie olten wned on drck, and these o aoset of toad candiians. D Jus
bovdines ore very casdy natled ano pro- unloading and even more din 1
vonted panst arcchamcal damige. The  washing, many thege ean faegpon ot
teamg insele tanks is normally Yoocalbro  chinge the prescsenmued play, G, e
hi

or copnvs lent, and af installed and elumped
arcitding to the narmal bigh standard for
stophorne installutions, then oo prostem
should ence from this part of the equip-
[ L

Momtonna of Il stresees, ben:ling
nmoments arvd <tability

Vb cluseiteation society specifics how the
shin ig built ccenrding to thase specilica:
tuoes, Buv it is the user's tesponahility 1o
operate the ship an accordance voth the
SANIe gssumplions,

o redolle sitanstics show hosr bull
dracee s related to operation, but much
damage 1% no doubt due to hial: stresses
duricg  lvading-unloading, tank  washing
etc.

Tord 0 warns of & dongercus st Yy, t0
thol the operatnr miay ¢ ang» L
codure, and thoriy oadure the 1t ot
drmage. Also, Dot dband, | o BT
I8 dangeions situntion cocura, ot il be
logycd

This log may Lo of Ly o the oty
of docking, charter/ovin, relatinie, oo

So fr, the coonomw of DT compt
teadily bie desciibed in fanren, oy rele vant
statintics do nov exast hiowirver, one y
ofi-hire 10 a VLCC amounts 1o 520 ..
SA DN Docking for repair vall aften e
time-consunnng. The seving of 5 fow de W
of repair me will nuake OT-) g probitalio
mnvesimoent,

Reproduced from

best available copy.
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DataChief

Computerized engine room automation and
maintenance prediction.

Computerized antomation and monitoring systems arce
expected to be introduced at a large scale in the y2ars to
comme. Not mecerely for purposes such as navigation, load
calculations, ctc., but also for engine room control,

The DataChicf system consists of a2 family of sub-systemns
for engine room automation and maintenance prediction
as follows:
- A condition monitoring system designed to monitor !
the condition of certain engine room components,
like turbochargers, coolers, cylinders etc., as well
as to predict the future date of the components main-
tenance by the DataTrend sub-system,

Monitoring, alarm handling, atto start/stop of pumps
and compressors and logging by the DataSafe sub-
system,

- Complete electric power generating plant au‘omation
by the DataPower sub-system.

S Main engine remote control system, AUTOCHIEF 1]
may be integrated with the DataChief. the AUTOCHIEY 11
is a "self-contained" system with tic-in to DataSafe,
and in the future to DataTrend.

Fach of these sub-systems may be separated from the others
giving flexibility to fit the customers' specifications,

DataTrend

The maintenance prediction system DataTrend has attracted
congiderable attention among shipping people. By means of
DataTrend it is possible to supervise the propulsior. machinery
and to predict when and where maintenance is needed, ‘The
DutaTrend system increases safety against break down, reduces
maintenance costs and fuel consuinption.

The following items will normally be monitored by the
DataTrend system:

- Thermal loading of cylinder liners, pistons,
exhaust valves and covers.

- Cylinder combustion

- Fuel oil system

- Turbochargers (turbine and compressor)
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- Components in the scavenging air system
- Exhaust l;oiler

- Coolers (lub.oil, air, fresh water)

- F.w. evaporators. (optional)

- Auxiliary boilers (optional)

- Ship's hull (fouling)

Besides predicting overhaul and monitoring thermal loading,
DataTrend keeps an eye on combustion and fucl injection,
piston ring function and cylinder wear, The problems related
to these iteins have traditionally been hard to comne by, but
with DataTrernd a very useful toel is introduced, A few of the
vialuable possibilities:

- Faulty fucl injection nozzles imay be detected,
along with other fuel system failures,

- Combustion control, dctecting abnormal tiimings
and preassures,

- Piston ring functioning: Rings locked in grooves,
broken rings and ring blow-hy,

= Metal temperatures at various points in the
combustion chamber (some measured, some
calculated),

- A comhination of the above nicntioned features

may give early warning of cylinder wear, cven

betore it has started by detecting the causes

thereof,
DitiGafe
The watchkeeping and monitoring system, DataSafe, complics
vath all the cluss requirements for periodically unmanued
enpine roorm. The systent has visuod and accoustical alarms,
alarm-logping of time and date, and includes a separate progratn
for automatic checking of engin -+ s0mm state at time of change-
over fromm  raanncd to anmnanned cngine room. It also takes care
of automatic start and stop of cotupressors and pumps in response
to the state of the process,

DataSafe is based upon the UMS/LO-class requivements, but on
several items goes far beyond these rules, Major featu:es:

- Total process monitoring with a number of autematic

safety actions, and alarm presentation with logically
correct alarm blocking and dynainic limits,




Tisl4®
- Delayed start of major power consumers ‘until sufi-
ficient power available (eventually start of stand-by
gencrator).
- Automatic restart of pumps after black-out,
-~  Purifier autornation,

- Compressor automation.

Exhaust boiler automation,

81 - e —
t

- Automatic tilling-up of tanks, 1.
- Complete engine room logging.

FFor a typical installation, the number of alurm points totals
about 300. To deal with all the information received, a soph-
isticated alarm system is designed, where the alarms and messages
arc instantly presented on a display unit and an automatic logger. et

All alarm and uaction limits are stored in the computer's pro-

3 I
grams, making it very convenient for the operator to make
ajustments,

DataPower,

DataPower is a systemn for monitoring and control of the

ship's electric power supply. The system continuously super -

visces the power consumption, executes starts, synchronisstion, b
connection to the main bus and automatie loiad distribution
through a stand-by gencrator in cases of predicted overloac
and can be adapted to diesel- as well as turbo generators. i

Major features are: 1

- Minimizing the risks for blaclk -out, by always
keeping a certain minimum extra power available.
llowever, it is continously checked whether this
surplus is too high, ©o that a generator eventually L
may be stopped.

L e g W o g p———.

- Automatic start of stand-by auxiliary engines,
automatic synchronizing, conncction and lnad
sharing.

- Automatic disconnection and stop.

- Logging of all actions.

- Alarms if failures detected.

AUTOCHIEL 1I

A main cngine bridge control system delivered as an
integrated part of the DataChief system.




Basic DutaChiel hardware conliguration, T7-14%

All inputs from the proccess are conducted through the
interface into the computer. Herc the various programs
take over, and after a large number of comparisons and
calculations, the resnlts are presented as output to the
process or to communication devices, or they may be
ftorcd in the cornputer's memory,

e o BB

The computer is placed in a Control Desk located in the
Engine Control Room, thereby being tlose to the process.

The varisus remote controls and communication and alarm
devices, along with the process interfacing equipment, are
-y all located in the Control Desk,

- In DataChief, analogue sensors arc used exclusively in the
process. Besides that information for multiple functions
may be obtained by the same sensor, several possible sensor

u failures may be detected by the computer, In addtion, the
input signals are easily filtered to reduce for instance false
i alarms.

Further, the self checking features will increase system
reliability and safety,

- HISTORICA), REVIEW

The DataChicf systein has its roots back in 1969, when the

s world's first computerized merchant ship, the M/S "TAIMYR",
went into cervice. After a very successful trial periode, it
was decided to go "Full ahead" with the development of the

is DitaChicf systom,

H kupecially the DataTrend subsystem has been expanded, in
close cooperation with the Ship Research Institute of Norway
(SFI) and the Norwegian Institute of Technology - Institute of
Marine Engineering, both institutions highly regarded for their
cxpertice in this field.

T ——

-

A test version of Data'Trend was installed by these institutions
onboard ar OBO-carrier in November 1970, After only half 4 year
in service, the systern had come up with reinarkable results

as to predicting such noted trouble-makers as cylinder wear and
thermal load, ¥

- e ems e -
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The first commercial DataChief system e
installed onhoard M/T "THORSIIOLM" ‘
1 3 Recently the installation of the first commercial DataChief by
;' eystem has been successfully completed. The installation
13 took place onboard Thor Dahl's 279. 000 t.dw. tanker
' "THORSHOIL.M'" which was built at the Mitsui yard in Japan, b

The installation includes DataSafe, DataPower, DataTrend
and AUTOCHIEF II and was put into service in February 1973,

At present NORCONTROL has received ¢ “ders for another

three systems to be installed during 197 onboard the sister

ship of "THORSHOLM", a 279, 000 t.dw tanker, together with

an A, P, Mgller containership of 26, 000 t.dw. to be built at 3
the IHI yard in Japan, and f{inally in a semi-containership of

14.300 t.dw, belonging to the Malmros shipowners in Sweden

for construction at the Wlrtsila yard in Abo.

These installations are representing a break th rough as
regards autornation of engine rooms. Computer systems of this
nature pave the way for solutions of a nurmber of so far unsolved
problems resulting in considerable operational savings.
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AUTOCHIEF

Electronic aystem for remote control of
main engine from the bridge.

AutoChief 1l is designed to control the propulsion machinery
onboard ships with fixed propeller and is preprogrammed for
the following makes of diesel engines:

Burmeister & Wain
Ggtaverken

Man

Sulzer.

The design is flexible and the system may be adapted to nearly
any type of diesel engine.

AutoChief 11 may either be supplied as an independent system
or ag part of a complete engine room automation package.
AutoChief is then included in our

a) Complete system deliveries for un nanned
machinery space EO/UMS- classification,

b) Dat1Chief complete computer based system for
engine room automation (EO/UMS Class).
AutoChief IT ig8 part of the computer system
with RPM controlled by thermal loading.

AutoChief 1] represents a new generation equipinent based
on the syatern developed by NORCONTROL in the mid-sixties.
Today more than 70 systems arc in operation,

Faster and better manoeuvring
from the bridge/wing,

AutoChicf II is an electronic/pneumatic system, in which the
cxtensive use of integrated circuits has resulted in a rcliability
and simplicity of destgn not obtainable by the use of other types
of switching ¢lements. The system gives faster and better

manoeuvring from the bridge. AutoChief 1T miy be supplied with

a special unit, allowing remote control of the main engine from
the wings of the bridge (option).

Periodically unmanned engine room.

AutoChief J1 meets the requirements for periodically unmanned
engine room and comprises among other items emergency

telegraph, electronic RPM-controller, and detector. A specially

sophisticated starting program results in a ininimum
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consumption ¢ starting air, reduced thermal loading of
the engine and less wear of the compressors. AutoChief
also contains a fully automatic program which protects the
engine against overload at cold start or during manoeuvring,
AutoChief II is not only a

Bridge control system .
but also an
Engine protection system,

Reduced cost and increased reliability.

The simple and compact system design gives in addition to
low price and reduced installation costs

- high reliability

- easy maintcnance and operation

- increased possibility for service by ship's own
officers,

AutoChief II bridge control system may be used on several
types of diesel engines, simplifying the need for training

and reducing maintenance costs. Frequent changes of crew
and officers also increase the importance of having a system
with simple and selfexplainatory operator panels.

Installation orhoard newhuildings
and 2lready commissioned ships.

NORCONTROI. can deliver the system installed and commissioned,
inclusive training of the operating personnel. The installation
onboard ships in service 1nay be carried out whilst en route
without off-hire or delay of the ship.

Specifications:

AutoChief IT is mainly an electronic system where moving parts
have been avoided as far as possible. The actuation of the motor
is done by means of magnctic valves and pneumatic cylinders.

Bridge control system,

l. Programmcad for slow specd and medium speed
marine diesel engines with fixed propeller,

2. Control handle scale directly graded in RPM,

3. Built in PI-controller for control of engine speed.
The controller also limits fuel oil supply as a function
of wanted RPM and scavenging air pressure. The
electronic controller may be disconnected if mechanical
or hydraulic governor is preferred.

4. Electronic remote control of the main engine from
the bridge or the control desk in the engine rocm,
Three automatic start attempts, rated as easy, nor-
mal and heavy start, :

Y T T
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5. Independent telegraph system for einergency use,
located in manoeuvre console on bridge, lécally
on enginc¢ and engine room console,

6. Flectronic RPM-detector on propeller shaft,

7. RPM-indicator in bridge and engine room consoles.

rectifiers and battery. Power ¢onsumption during
norimal operation approx 50 watts,

B S ———

9. Manoeuvre from the wings of the bridge (option).

The system comprises complete plug-in bridge and engine room

i panels. Electronic logic unit is 'ocated in the engine room panel,
4 || Complete simulation and test of the system possible from the
I engine room panel
I Fingine protection system,
1. Shut down: 6 independent shut down channels,
]

2. Slow down: 5 independen: slow down channels.

l 8. Electricity supply from 220 volts mains via

3. Input channel for limitution of RPM.

4. Nonlinear acceleration liir'ter gives fast manoeuvre
with reduced acceleration at high RPM,

5. Fully automatic thermal ruaning up program at start
of cold engine or during 1anocuvre,

b, "Slow turming''.

7. Control of camshaft brake at change of direction of
rotation (B& W),

8. "Slow reversing'" (option for B&W super large bore
engines),
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A schernatic survey of a complete AUTOCHIEF II

iretallation including manocuvre station on the

wing of the bridge.
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E 0,/ UMS- SYSTEM

EQ/UMS - Unattended machinery space

Automation and instrumentation for unattended machinery gpace,

In 1966 Det norske Veritas for the firs: ¢, e published the
classification called EO, and also published recommendations
for same. This classification EQ are given for all slips built
according to these rules and recommendations.

In 1969 the norwegian rules for manning ships in our ir erchant
flcet were altered in such a way that ships having classification
EO/UMS were allowed to sail with reduced machinery attendants.

These are both norwegian shipautomation highlights, but as one
of the leading countries in shipping ve may gy that these
highlights are rommon shipsautomation history,

Up to March 1972 400 EO/UMS instuallations were done, and
about 50% of all newbuildings built to ciassification of Det norske
Veritas had the EO classification.

One might think that the main reascn {or installing auvtornation
was to reduce michinery crew. This munht be the main reasc
in the first few ingtallations, bt tod ay this is not the case,
Reductions in machinerv crew is not necessary to justify the
cost of EO/UMS instrumentation. The reason for thig is that
with an unattended machinery spac« the machinery crew on
watch can do maintenance and repa: word. They have regula:
worling hours with no nightwatch and no watch duties in harbo

This results in more effective repair - and maintenance work

at sea and in harbour giving less oti-hir~ and repair cost in
shipyards. More and more shipping firms arc giving these reasons
for their convertion of ships into EQO/UMS classification.

It has frequently been discussed how automation in’ ects upon

the safety of the ship. Even if there still are some who are sceptic,
it seerns today to be a common opinion that automation inc easc

the safety of the ships.

NORCONTROL has worked in this ficld since 1965 and has till
today installed about 70 complete systeme for urattonded
machinery space and another 70 systo: covering less extendive
systems,

NORCONTROL take care of complete system deliveries to

- Newbuildings

- Ships allready in service

installation during normal oper.ation of the ship without
off-hire.

A sea

i,




Extent of system delivery,

We take care of complete system delivery according to rules
of the classification societies (EO, UMS class etc.)

- Alarmsystem

- Main engine remote and monitoring system

- Automatic stop/start auxhilliary engines

- Boiler automation

- Separator automation

- Engine room fire alarm system

- Remote control of sea water valves

- Temp. regulating valves

- Pump and air compr. automation

- Shielding H. P. fuel oil pipes. - Main and aux. engines
- Automatic lubrication of rockerarms exhaust valves
- Automatic regulating exhaustgas deverter valve

- Feedwater regulating

- Telephone system

- Calling system

- Power supply system

- Power supply air systein included air dryer

- Further as required by the customer.

System Specification,

Based on the general engine room specifications, NORCONTROL
take responsibility for preparing the specifications according
to classification rules.

- For ships allready in service our enginees will go onboard
to asess additional automation required by the class. On
this basis we present a fixed price quotation for the key job.
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- For Newbuiidings we are glad to cooperate with shipyard
and shipowner aliready at the negotintions and thus to
present our proposal for a detailed stuge of specification.

Drawings and svstem documentation.

As part of our syste:n supply we deliver complete system
manuale covering:

- Installation

- Operation

- Fault finding and maintenance.
Instaliation.
For ships in service our engineers and fitters will take car:
of installation at sea during normal operation o f the ship.
No off hire for the ship is needed.
For yard installation NORCONTROIL: will take care of
commissioning and strart up cf the system and if wanted
also:

- Supervision of installatior

- Complete installation

- Consultancy in the field of ship automation,

Clagsification by Classification Scciciics,

After receipt of order NORCONT RO, w:ill arrauge for approval
of drawings, ctc. by the Classification scacicty,

In case NORCONTROL take care of instatlation, WORCONT (1

will also arrange for the claseification ot the coinplete systemn
after commissioning.

Training Courses,

NORCONTKOL have established a TRAINII.G SCHOOL with
regular courses of 3-5 days, covering:

- Training in automation princiyjc-a

- Training in operation

- Training in fault finding and mainteaance,
Equipment has Geen installed in our Triining Canter in order
to provide a very practical oriented training. Included 1n the

training course are also 3 extensive compendiuing, which
is also being uscd at some Marine Schgols.
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CHAPTER 11

BRIDGE SYSTEMS AND GENERAI VIEWS

INTRODUCTION

The IFAC/IFIP Symposium on Ship Operation Automation
was organized by the Norweglan National Member Orgenizations
of IFAC (The International Federation of Automatic Control)
and IFIP (The International Federation for Information Pro-
cessing) in 0slo, Norway, on July 2-5, 1973. Thas Symposium
Sessions were held Iln the Lecture Halls of the School of
Mathematics of the University of 0slo at Blindern, the
northern suburb of Osloc. Nonresident attendees were housed
In the student dormitories of the University which are oper-
ated at tourist hotels during the summer months.

This particular Symposium was cne of three presentations
organized by IFAC and IFIP to cover the whole of the shipping
automation field. The other meetings involved were the Ship

and Shipyard Automation Symposium, held as part of the Fifth

World Congress of IFAC in Paris, France, on June 12, 1972

and the JFIP/IFAC JSNA Conference on Computer Applications

in the Automation of Shipyard Operuticn and Ship Design to
be held in Tokyo, Japan, on August 28-30, 1973. JSNA is the

symbol for the Society of Naval Architects of Japan.

i
!
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The 0310 Symposium was surprisingly well attended
since 1t Included 550 attendees from 30 countries, They
heard a total of 62 papers presented in 17 paper sessions
organized in three parallel groups along with four survey
papers and nine round table sessions where paper authors
answered questions of the audience. The material presented

was very well recelved with considerable discussion okl 4n

the sessions and in the halls ocutslde after the sessions.
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SOME GENERAL VIEWS

Those paper titles related to bridge systems are
Iigtad in Table XV. They were cancerned mainly wiih

the following toplcs.

l. Radar based anti collision systems

2. Electronle alds to navigation, satellites versus
hyperbolic systems

5. Bridge layouts to take advantage of electronic
and computer based aids availarle while drastically
reducing crew size,

4, Possibilities of computver alded or computer based
piloting in restricted areas including autcomated
docking.

©. Dynamics of ship steering 2.7 retlated mathematical
models.,

Tt should be noted that two capabilities were tacitly
assumed by most muthors., These were that a digital computer
used for any bridge function should e carrylng out dead
reckoning navligation of the vessel along a great circle
track, and that If the engine room were properly equipped it
thould nlso be implementing bridge control of engine functions
suct as start-up, shut down, and speed changes,

There were no papers on sonar basoed anti grounding systems
ulthough this was well recognized juestions and answers
and asscclated conversations as a vital need for the field,

In the electronic alds to navigation area there was

feneral recognltion of the value 2nd assuracy of the TRANSIT
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TABLE XV, cont.

Sesslon 5 - Navigation - Anticollision
"An Integrated System for Navigation and Anticollision for
Ships", by E, Gjeruldsen and F. Fjellheim, Noratom-Norcontrol
A/S, Oslo, Norway.

"Ship's Integrated Navigation Systems", by J.E. Carr, Sperry
Marine, Bracknell, England.

"Tntegrated Navigation System with OMEGA as Primary Source of
Position Information", by P. Bergstad, Norsk Aktieselskap Phi-
lips, Oslo, Norway.

"Automatior of Collsions Avoidance at Sea - with Special
Reference t» the International Regulestions for Preventing
Collislons a’ Sea", by A.G. Cobrbet, Dept. of Maritime
Studies, UWIST, Cardiff, England.

Session 8 - Anticollision - Steering of Ships
"On the Automatic Determination of an Optimal Anticollision
Strategy", by M. Piattellil and A. Tiano, Consiglic Nazionale
delle Rlcerche, Laboratorio per 1l'Automazione Navale, Genoa,
Italy.

"Aut-matic Path Guldance", by W.H.P. Canner, Chepston,
Monmouthshire, England.

"Progetto Esquilino: An Experiment About an Optimal Gyro-
Pilot¥, by P. Dagnino, D. Leccisi, M. Piattelli and A. Tianc

bt s 3 e

™ Consiglio Nazlonale delle Ricerche, Laboratorio per 1'Automa-
: zione Navale, Genoa, Italy.
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TABLE XV, cont.

Session 9 - Steering of Ships
"Automation of Ship Steering Control on a Desired Track", by
A. Yakusbenkov, Merchant Marine Central Research Institute,
Teningrad, USOR,

"Modern Control Theory Applied to Ship Steering", by H.F.
Millers, Daab-3cania, Sweden.

"Adaptive Autopilots for Ships", by J. van Amerongen, and A,
J. Udink ten Cate, Ddft University of Tehcnology, Delft,

Netherlands.

"Phe Design of a New Automatic Pilot for the Commercial Ship",
by D.L, Brook, S.G. Brown Ltd,, England.

Segsion 12 - Special Toplics
"Eyponomic Studies Affecting Ship Control and Bridge Design',
by P.F.I", Lewis, D.A. Attwood, D. Beevis and A.V. Churchill,
Defonce and Civil Institute of Environmental Medicine, Downsview,

Ontario, Canada,

"About a Plan of Navigation Recorder", by Torao Mozai, Tokyo
University of Mercantile Marine, Tokyo, Japan.

"eharacterization and Identification of the Motions of Ships in

Confused Seas", by C. Bozzo, Groupe D'Etudes "Signaux et

Systems", Centre Universitair de Toulon,France.

"On the Control of a Submerged Vessel Using the Sideslip Angle
Estimated by an Observer", By Y. Ogawara, Mitsubishi Heavy
Industries, Ltd., Kobe, Japan.
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satellite system of the U.S. Navy, but equally strcng views
concerning the present high prices c¢f computer-based systems
to take advantage of their ability. There was considerable
discussion, although no concerted cpinicn, of the value of
the present periodic fixes available from the TRANSIT svstem
versus the continuous positioning which might be available
in the future from a set of synchronous satellites. Some
felt the TRANSIT was perfectly adequate considering the
relatively low speed of ships and the availability of ship
computer-based dead reckoning systems., O0Others appreciated
the continuous positioning of the synchronous satellite
system but questioned the wisdom of relying on shore-based
computational aids to obtain these fixes.

The very great accuracy of the DECCA navigational systen
was recognized, but its short range wes deplored. On the
other hand, the relatively poor accuracy of the OMEGA system
was a source of considerable concern o many attendees, even
though it can potentially give worldwide coverage when fully
available about 1975-76.

The bridge consclidation papers presented concentrated
on the possibility of one man cperation of che vessel with
the ‘aptain or watch officer actuaily steering the ship and
controlling its speed himself rather than relaying his
desires through several other individuals as at present.

The papers presented reported nearly universal acceptance

of these concepts whenever tried cut in practice. It appears
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certain that they preview a radical change in ship operational
practices wlthln the near future,
The posnsibility of computer-based automated steering of
the vessel in restricted waters or in approaching the dock
[ is very intimately tied to the solution of two related prob-
: E lems: The first of these is the problem of making the

computer aware of the local topography, the existence of

I obstructions, the actual dimensions of the safe fairway, anrd

| keeping up to date on any of these items which may have
recently been moved., Since a vessel can theoretically call
at any port in the world capable c¢f handling it, this problem
ls an enormous one. The second problem involves an accept-
able enlution of the problem of detection of underwater

obstructions and the prevention of grounding and/or ramming

of these objects by the vessel. Solution of both of these
promises to require considerable research and development

prior to their solution,

—
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ADDITIONAL INFORMATION OBTAINED

The material of Table XVI was cobtained in conversations
wlth various individuals during the Symposium, It indicates
substantial sales of the various makes of radar-based anti-
collision systems around the world. This list does not
include sales of any Japanese manufactured systems which
might have occurred. Also included is the current best
information on computer-based engine room cystems which

actually carry out a substantial control function.




I11-10

TABLE XVI

CURRENT INFORMATION CONUERNING SAILES
OF COMPUTER BASED ANTICOLLISION SYSTEMS
AND COMPUTER BASED ENGINE ROOM CONTROL SYSTEMS

ANTICOLLIGION |
.|' Manufacturer Installations Further Sales (i
] Ll
NORCONTROL 25 25 ]
L
b
*f Digiplot Division 29 16
‘ o BOTEON , Imé. i
ll -
Sperry Marine 4 12
F and M Dystems - 4 !
A
ALT - &
]
ot
AMS Division of MDS - 1

ENGINE ROOM SYSTEMES

Koekums it 2 ‘l
NORCONTROT, ili il

MDD




CHAPTER 12

ENGINE ROOM AUTOMATICK STUDTHES

The majority of the papers on engine room syetems
were research and development crierted as cprosed to reperts
of actual results of appreciable real-time at-sea experience
with specific installations. Those paper titles releted to
engine room automaticn studles are listad in Table XVII.
(ne paper, "Direct Digital Contrcl or A Diesel Engine," did
report actual recults with a specific installation, but the
computer was an add-on that had fo be located at a consider-
able distarce from both the bridge and the engine room, and
the author referred to the effort as an "experiment." He
also noted that the problem of main englne automatic contrcl

has produced interesting solutions, but, ".s.tortunatel v,

much rarer are the realizations ot cu-line computer controli...

This lack of a reasonable number o! papers detailing actual
succensful experience with maln machinery automation was
surprising in view of the first hand exposure to the highly
automated machiner, of the SEA SI-ii.. Just prior to ihis
symposium,

If the emphasis on researc: avelopment was & dellib-
erate attempt to focus on what's new In main machinery
automation, one can only conclude tiat not very much is new,

Certainly, no dramatic new engireering approaches to either

R Juiies. <t
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TABIE XVII

PAPER TITLES REIATED TO
ENGINE ROOM AUTOMATION STUDIES

Sesgion 1% - General Systems Design

"optimal Management Policies for Ship's Engine Systems", by
P, Dagnino, G, Doncin and A, Tlano, Consiglio Nazionale delle
Ricerche, Laboratorio per 1l'Automazione Navale, Genoa, Italy.

! "New Developments in Engineroom Automation", by P.B. Fischer, L
b .T. Lyngs¢g, Denmark

"Gieneral Hardware and Software for Engine Room Monitoring and
fontrol Systems", by S. Espestgyl and O0,M. Sivertsen, Noratom-
Norcontrol A/S, Horten, Norway.

@ Sescion 16 - Diesel Engines Control Systems

"Computerized Systems in Diesel Engine Rooms. Installaticn,
: Testing and operation", by A. Andreassen and S.K. Johnsen,
Norstom-Norcontrol A/5, Horten, Norway.

! "Direct Digltal Control of a Diesel Engine , by P.P. Puliafito
and I, Tosi, Dept, of Electrical Englneering, University of

Genou, Ttaly.

"Direct Digital Control of Diesel Engine rFuel Injection", by
f A. Hansen, The hip Research Institute of Norway, Trondhein,

Norway.

| Sessim 17 - Condition Monitoring of Diesel Engines

"Datatrend, A Cumputerized System for Engine Condition Monitoring
and Predictive Maintenance of Large Bore Diesel Engines",
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TABLE XVII, cont.

H. Sandtorv, G. Fiskaa, The Ship Recearch Institute of
Norway, M, Rasmussen, The Technlcal Unilversity of Norway,

Trondheim, Norway.

"Cy.iiet, ASEA's System for Monitoring the Combustion Pressure
in Diesel Engines", by A. Madesaeter and N, Hammarstrand,
ASEA, Marine Automation Department., Vasterss, Sweden,

cession 19 - Steam-turtine Automation oSystems

"A Digital Computer Based Engine Room Automation System for
Torbine Driven Ships", by K. Lind, The Ship Research Institute
of Nirway, Trondreim, Horway.

"The L.N.G. Carrier - Automation Systems", by A.A. Ardley,
Foxburn- Yoxall Ltd., Redhlll, Surrey, England.

"An Integrated Contrcl System for Boiler, Burner and Turbine
on Ships", by F. Hasselbacher and M. Werner, Siemens
Aktiengesellschaft, Erlangen, Germany.

Jession 70 - Steam-turbine Condition Monitoring anéd Control Zystems

B

"Electronic Driven Bridge Contrcls for Prepulsion Systams
by ‘$.dy Doty Potcmac; Uek.

I

~

"The Design of a Discrete Multivariable Control System for 3
35,000 hp Capacity Ship Boiler", by A, Tyssg, The Techulcal
Univergélty of Norway, SINTEF, J. Ghr. Brembo and K, lLintgl,

The Ship Research Institute of Norway, Trondhelm, Norway.
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TABLF XVII, cont.

ssion 22 - Special topilcs

"mxperience with Advanced Instrumentation on Large Bore

(<)

Engines", by O. Uteen, Norsk Aktieselskap Phipips, Oslo, Norway.

"Engine Testing by Minicomputer", by E. Jonsson, Saab-Scania,
iothenburg, Sweden,

"Machinery Alarm Systems for Ships Operated with Unattended
Machinery Spaces", Ir. W. de Jong, Lloyd's Register of Shipping,
Rotterdam, Netherlands.

"Resistance Thermomcters and Thermocouple Assemblies for
Ship Automation", by F. Schwarz and J. Scholz, Degussa,
Geschaftsbereich Technische Metallerzeugnisse, Hanau am
Main, Germany.
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systems or hardware were described. Desplite some redundancy
inherent in 20 papers by authors from 8 countries, there
were no major difrerences in philcsophy in the areas of
overlap., This almost universal agreement cn haslec reauire-
ments and approaches to machinery automation probably
represents an underlining of the absolute necessity for
thoroughly proven system design and components to achieve
the very high order of rellability essentlal to the satis-
factory automation of a ship's machinery plant.

There was considerable emphasis on the maintenance
manacement which is prerequisite to fully automated operation.
There is a great deal of payoff in such malntenance prcced-
ures, even 1f the cotual centrol of the machinery at sea 1is
not automatic.

O f the 20 papers presented, two described total systems
for main machinery automation. The first paper in Sessilon
19, "A Digital Computer-Based Engine Room Automation Syztem
for Turbine Driven Ships," dealt with a digital computer-
baced system for automation of steam turblne machinery.
"computerized Jystems in Diesel Engine Rooms - Installation,
Testing and Operation,'the first paper in Session 16, vas a
meneral description of the Norcern“rol computerized systems
for diesel engine rooms. The latter vaper lrought int:
clear focus the pasic functions that must ve accomplisiiad
to fully automate the main méchinery of & ship. The inte-

gration of the Data Chief system for engire room automation
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and maintenance prediction and the Auto Chief II main engine

]
-

room remote control system provides for total engine room
automation of a diesel powered ship. The Data Chief system
15 made up of three principal subsystems: Data Trend to

menitor and log the condition of key components and predict

maintenance requirements; Data Safe to monitor, handle alarms
and provide automatic start/stop of auxiliary equipment; and
Data Power to completely automate the electric generating
plant.

Jeveral paperc dealt with remote operation and automatic

operation of both steam and diesel machinery, with one paper

vt Gwd md el i L

addrecsing the benefits of automated computer control of n
normally "fixed" itemsc of di¢sel engine design (exhaust l
valve operation, cylinder lubrication and cooling, and fuel
injection)., Several papers addressed maintenance monitoring
and predictlon, several were directed to specific subsystems,
and a number dealt with individual equipment or hardware.
One paper dealt quite broadly with liquid natural gas
carriers, covering far more than the automation of the main

machinery. 0Ouch carriers have a major interface between the

as chip's fuel, The author stressed the important point

that a fully automated ship should be a design entity with

] the total ship controlled through a management computer
instead of a serles of unrelated control systems for bridge,
engine room and cargo.

: Thece papers are reproduced in the sympcsium proceedingc

cargo and the steam plant due to the use of cargo "boil-off" '

1 ffor detalled reference,
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CHAPTER 12

CARGO HANDLING SYSTEMS, RELIABILITY

STUDIES, AND SYSTEMS DESIGHN STUDIES

The following comments are relevant tc the followlng

Ship Operation Conference sessions:

Session 23
Segssion 25
Session 26
Session 28

Seaslon 29

Cargo Handling cn Tankers (4 papers)

- Computer Automation (* papers)
- Software Reliatility ('t papers)
- Reliability, Fault Finding (3 papers)

- Oystems Desiy: (7 papers)

Rather than deal wilth each paper indi-idually, eacli session

will vz analyzed, and relevant points made abtout the topic

beinr considered in that particular session; detailled

analysis can be recovered from the ~ontference proceedinys.

The papers presented in each session are listed in Table

BVELL:




TABLE XVIII

PAPER TITLES RELATED TO CARGO HANDLING SYSTEMS ,

RELTABILITY STUDIES, AND SYSTEM DESIGN STUDIES

Sessicn 22 - Cargo Handling on Tankers

1 "Computerized Cargo Handling on large Tankers"

y DY L. Sten,
Kockums Shipyard, Malmo, Sweden.

"What Are the Benefits of Computerized Load Calculation", b

R.T. Karlsen, Norsk Aktleselskap Philips, Oslo, Norway.

y

"Computerized Monltoring of Liquid Cargo Loading/Unloading",
by K. Bllingsen, A,

i A/S, Horten, Norway.

Holmberg and P, Stromme, Noratom-Norcontrol

"5 ome Experiences in Carge 011 and Water Ballast Handling by
Ship-Board Computer", by R. Tamura, Y. Okano and Mi Fudite,
Kawasakil Heavy Industries, Kobe, Japan.

PO = T
.

esslon 25 - Computer Automation

"Computerized Super-Automation System of the TOTTORI MARU,
Turbine Driven Tanker", by H. Saito and §. Okano, Mitsubishi

i Heavy Tndustries Itd., Nagasakl Shipyard and Engine Works,
Nagasakl, Japan.

"Computerized Automation of the Containership LLOYG-IANA",

by G. Sitzia and G. Sartirana, "Italia-Ll1oyd Triestino",
| Genoa, Italy.
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TABLE XVIII, cont.

"Computer-Based Ship Automation for a Polich Cargo Ship",
by S. Zielinski and W.J. Martin, The Ship Research Institute,
Gdansk, Poland.

Session 26 - Software - Reliabllity

"Phe Cost Concept Related to Software Tasks in Evaluating
Shipborne Computer Systems", by C. Boe, G. Dahll and T.
Heimly, Det norske Veritas, Oslo, Norway.

"Experience With an Advanced Software System as an Operator's
Ald 1n a ship Computer System", by H. Rgkeberg, Norsk
Akieselskap Philips, Oslo, Norway.

"Reliability in Onboard Computer Systems, Equlpment Selection
and System Diagnostics", by K.H. Drager, Det norske Veritas,
O0slo, Norway, and M.H. Haugerud, A/S Computas, Oslo, Norway.

"Reliability Considerations for the Control Eguipment of
an Unmanned Ship", by J. Oldenburg, ATEW, Flen, Sweden.

Session 28 - Reliability - eult 1nding

"Elements of Reliability Engineering Applied to Ship Auto-
mation", by C. Bge and T. Heimly, Det norske Verltas, Oslo,
Norway.

"prouble Shooting with B.I.T.E. on Marine Control Systems",
by C.H. Collingwocd and M. MacPherson, Hawker Siddeley
Dynamics Engineering Ltd., Hatfield, Herts., England.




TABLE XVIII, cont.

"Trcuble Shooting on Electronic Automation Systems on Ships",
by W. Langhans, Siemens Aktlengesellschaft, Erlandgen,
Germany.

Scession 29 - Systems Design

"Electronic System for Intrinsically Safe Instrumentaticn
and Monitoring", by H.C. Oppegaard, A/S NEBB, Oslo, Norway.

"High Voltage, the Answer to Increasing power Demand on
Board Ships and oilplatforms”, by T.E. Thorsteinsen, Amund
Clausen A/S, Porsgrunn, Norway.

"Electronlc Control of Marine Gas Turbine Englnes", by J.M.
Binns and M.J. Joby, Lucas Aerospace Ltd., Birminghan, -
Bngland,

Introductory Keynote Lecture - "The Stetus ¢f Ship Operation
Avtomation Today,' Theodore J. Willlams, Purdue University,
Lafayette, Indlana, USA.

Survey Lecture Number 1 - "Operational and Organizaticnal Problems
Regarding Centralized Control of a Highly Automated Ship,"
P. Bjurstrpgm, The Swedish Shipowners! Asscclation, Stockholm,
oweden,

Survey Lecture Number 2 - "Socio-technical Analysis of Ship

o

Organizations", B. Nylehn, Technical University of Norway,

Trendheim, Norway.
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CARGO HANDLING ON TANKERS

Ship Involved Country Computer Used Paper
SEA SOVEREIGN Sweden Centrol Data 23-1
(210,000 tons) 1700, 28K

M/T BERGE FISTER Norway NORD 1, 256K 2%-2
M.S. OHTSWKAWA Japan IBM 25=4
MARU (150,000

tons)

In observing the speakers during the sesslon on cargo

handling, three key words repeatedly came up:

1. Reliability
2. Simplicity

%, Standardization

The general feeling was that the three areas were relatively
untouched in systems analysis. Standardization of computer
systems was often mentioned as a maln source of trouble o©n
part to part repairs. 1In the actual system deslgn, sim-
plicity was considered a necessity for functional operation.
Although every speaker expressed concern for reliability,

no real systems reliablility studles were reported. (The

Japanese indicated that almost 100% redundancy was built

i

into their systemc!)

¥
i
2
3
b
2
|
g
g

The four main reasons for automaticn appeared tc be:

1. Safety
2. Time savings

PR E TS S AR SN




3. Reduced personnel

b, lLess damage

There were two maJor trouble areas :xpressed by the

majority of the authors involved:

1. Level controller defaults

2. Detection of sensor failures

Critical reliability components were:

l. Level gauges

2. Pressure gauges

The most comprehensive system was reported by the Jap-

anese (2%-4). Their system wes used for:

1. Ballast control

2. Ballast calculations

3. Astronomical (geographical) calculations
4. Omega navigation

. Ship motion/ship routing calculations

6. Medical diagnosis
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COMPUTER AUTOMATION

Ship Involved Country Computer Used Paper
TOTTORT MARU Japan MELCOM 340-55 2h-1
(237,000 toms) (16 K core

32 K drumss
LLOYDIANA Italy TEM 5/7; 1130 P4-2
(Container ship)
Ship Research Poland Polish Mini- 24=3
Institute computers K-202

The papers dealing with computerized automation were
highly descriptive in nature and not much information was
gathered from these "standard talks." It is worth noting
that the Polish paper gave detallsz of a Polish K-202 minicom-
puter system. Tn general, the cpinicnes were that almost
total computer control was on its way. Centrallized versus
decentralized systems were discussed but no definite con-
clusions reached. The only system asctually operating in
this series of papers was reported by the Japanese (T0TTORI
MARU, 24-1). Software design was considered to be tne most

critical problem area. Automation would include:

1. Navigation systems

2. Cargo handling

%. Turbine plant control

4, Weather analysis systems
5. Medical diagnosis

6. Statistical analysis

¥

. Cargo monitoring

T AP Y
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SOFTWARE RELIABILITY

Software reliabvllity 1ls a relatively new and interesting
concept closely connected with debugging, fault-finding,
software malfunctions, and preventative maintenance, The
basic ldea is that "reliability type'" curves can be con-
structed for the above system characters.

There were three papers presented, each disjoint in
thelr treatment of this topic.

The first paper dealt with ccst analysis of a computer-
jzed automation system, Cost estimates were arrived at a. a
function of computer cystem reliability and availability.
Mt111ty meacsures were used to "smooth" those measures. Very
elementary cost functions were derived from system coste
based on ezpected values. Total costs were arrived at baced

" and then summin.

on indlvidual various "system states,
systam component costs, WNo actual results were glven,; only
simple mcdels,

The second paper dealt with the actual shipboard exper-
jence of an officer of board the M/T BERGE FISTER. This
presentatlon was one of the most interesting since the talk
was the teelings of a perscn who had actually worked with an
on-board computer for an extended length of time (16 months).

The rencral thrust was that due to software implementaticn,

routine cperation had not been achieved. An interesting

fact was that the operators did not know any programming
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languages, but still learned to accept the computer control,
Operators detected trouble mainly on irreguler patterns of
light and sound on the terminal board! (Error messages were,
of course, available for major malfunctions,) An interest-
ing fact was that average hang-ups could not be resolved by
the operators, but a systems experc wac judged to be expend-
able in general. A further conclusion was that it 1s better
to 1limit the knowledge of the operators so that the system
is totally accepted. This creates a greater need for start-
over routines, diagnostic systems. and fail-safe operations.
(These conclusions are the author's opinions.)

The third paper dealt with reliability of computer

-

systems, with regard to equipment selection and system diag-

nostics. The title is misleading since the only real reference

to reliability was in relationship tc hardware/software
availability and not a "system reliability" analysis. The
author's paper simply described a dvral hardware system con-
nected via two data channels for shipbtoard operaticn. One
was for real-time operations (Process Contrcl) and the other
for diagnostic and predictive maintenance taske. The bulk

of the paper simply explains the nardware conifigurations,
software systems, and computer diagnostic systems implemented
on ship. The primary conclusion was that job-sharing by two
hardware configurations result in a savings in software over-

head.
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RELIABILITY - FAULT FINDING
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The three papers in this session dealt with three sep-

( arate toples:

1. Relilability analysis of automated systems on-board

2. Preventative maintenance via Built In Test -

Equipment (BITE)

5. Trouble shooting for an on-board computer

installation.

The first paper was a terse technical presentation des-
cribing A software package called STAVAN (Det Norske Veritas,
0slc) developed to obtain system reliabilities. This program
15 based upon a Markov-chain approach to system reliability.

1 The package seemc to be unrealistic since it assumes that

—y

all components operate at constant failure rates, and all L
equipment fails indpendently,
| The serond paper dezlt with a system called BITE, devel-

i oped by Marine and Engine Controls., This system was designed

to seek out and find itemc which have failed or are nearing
fallure modes. The entire system is geared to availlability,
The system itself, control/display pagnels, stimulus and

measurement devices, control units and program storage sre

briefly discussed,




s

%,
W,

13-11

The third paper simply discusses some of the aspects of
trouble shooting on board ships. Easy lccati-n and reapnid
replacement of parts were stressed, System trouble spots
were identified as early fallures, falilures due to overvolt-
age, and wear-out failure., According tc the authors, less
than 10% of failures in electronic systems was observed,
with most of these being external switch failures due to
(a) mechanical damage, and (b) oil/dirt. A final conclusion
was that integrated circult systems greatly facliltate

trouble shooting.

it sl
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SYSTEM DESiGN

These papers are, as & group, falrly technical and offer
1ittle in the way of useful discussion. The three papers

are briefly summarized as follows:

-

1. The first paper dealt with the limited topic of

intrinsically safe instrumentation and monitoring.

The discussion was limited to liquified natural

gas carriers and liquified petroleum gas carriers. i

N

. 'The second paver offers an Interesting solution to
the high demanas on power supplies for on-board

installations: High Voltage Systems. System —

desien concepts, operating confilgurations, and
distribution characteristics are discussed by the

author,

3, The third paper presents a reliable way to gulde
on-ship operations for an Olympus 201 engine using
electronic control. Test results (laboratory) are
presented indicating the applicability to present

and future marine gas turbine engines,
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CONCLUDING REMARKS AND CONC LUSIONS

During the duration of the Conference, the authors were
primarily concerned with the state of (a) rellability analy-
sis, and (b) cargo handling relevant to automated ships.

The general conclusions reached are as follows:

Cargo Handling

Computerized cargo handling is now feasible and opera-
tional (in varying degrees) to automated ships. The Jzpanese
appear to have the most experience and superior systems,
wita the Norwegians close behind. There appear to be no
formidable problems except in dlagrosis or certaln system

failures.

Reliability

There appears to be no rexl cystems analysis procedure
available for reliability analysis. Even worse, no hard
data appears available at this time. An interesting fact is
that evervone talked reliebility, but no cne had analvzed
system reiiabllity adequately. Tt is evident that much
effort has beer. poured into hardware develcpment and design,
but 1ittle into long-run operational analysis. Furtier, the
Europeans are interested mainly in safety and ease of control,
disregarding the economlc ccnsequences of computerized
operation. Reliability appears to be maintained by exces-

sive redundancy and preventative maintenance procedures,




